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versions of the papers take into account the discussion which took place during the 
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INTRODUCTION 

 

Strand 1 focuses on the topics of conceptual understanding, conceptual change and 

the development of competences in science learning. This chapter of the e-

proceedings brings together 26 papers presented at the ESERA 2013 conference. 

These papers illustrate the emphasis of the research on studying and investigating 

students’ processes of concept formation and concept use. Most of these papers report 

on empirical classroom-based research studies. Several of them focus on the 

investigation of students’ conceptual understanding and the relevant difficulties they 

encounter in a range of topics. Two additional important themes that are addressed by 

this set of papers include the investigation of the potential of specific teaching 

strategies to promote conceptual understanding and the potential benefits that ensue 

from the use of models / analogies / representations as learning tools.   
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Abstract: In order to better understand problems of learning about reversible reactions, 39 

upper secondary school students were asked to answer open-ended and structured questions. 

Inductive content analysis revealed that for the majority of the students’ the observations 

seemed to mean in the first place just noticing things. Observations are easily overruled by 

some particular phenomenon and other visual or acoustic phenomena are bypassed. This 

study shows the need to carry out plenty of practical investigations both to improve the 

students’ scientific observation skills and their ability to perceive the causal relationship 

between the observable phenomena and the scientific explanations. 

Keywords: chemistry learning, demonstration, observation 

 

BACKGROUND 

Observation is central science proses skill for both learning and doing science. Therefore the 

skill of observation is one of the core skills that need to be taught and learned at school (e.g. 

Harlen, 2000; Johnston, 2005). Moreover, the directive and the normative text of science 

education, typically a syllabus and/or curriculum, underline the importance of students’ 

observation skill to their learning of science. One of these documents is US National Science 

Education Standards (Standard, 1996) wherein is written that “When engaging in inquiry, 

students describe objects and events, ask questions, construct explanations, test those 

explanations against current scientific knowledge, and communicate their ideas to others”. 

The view of the objectives of science education mentioned in the Finnish National Core 

Curriculum for Basic Education (FNBE, 2004) are in accordance with the US National 

Science Education Standards and likewise it underlines the importance of learning the skill of 

observation for students’ in all grades and it is emphasized its necessity for the growth of 

scientific thinking. 

If asked from a regular student what they understand about observation, it is not very 

surprising that they reply a rather superficial way and say that it is “looking at things”. 

However, scientists and teachers perceive the observation more holistically and refer it to the 

skill that is needed to generate further explanations and theories about observed phenomena. 

Observation might be thought to be easier that what it actually is; it calls for skill associated 

with collecting and interpreting data and are influenced by the observer’s assumptions and 

domain knowledge (Haury, 2002). The rather extensive research done in the field of science 

process skills highlights the importance of not only to study the process skill as such, but 

study the ways how students’ understanding about the science develop during the many years 

of school education and how their science process skills are developed during the schooling. 

Hence, learning about science calls for the unification of conceptual and procedural 

knowledge. Here by learning of science is meant that the student develops understanding 

about the nature and methods of science, and an awareness of the complex interactions among 

science, technology, society and environment (Millar, 1989; Gott & Duggan, 1994; Hodson, 
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1996; Metz, 2004). In educational praxis, this means that the process skills have to be 

introduced jointly in the connection of authentic inquiries or scientific investigations.  

Park and Kim (1998) studied upper secondary school students’ responses to observations that 

where somehow anomalous or inconsistent with their preconceptions. They find out that when 

the students were faced with some sort of logical cognitive conflict they typically perceived 

their own perceptions. For the researchers, this meant that the students may neglect, distort or 

reject the observed results if the observations are not in accordance with their preconceptions. 

They argue that students’ own effort is needed if we expect them to change their way of 

thinking; the learners’ own cognitive effort is crucial. 

Researchers have found out that the teachers perceive the observation as a teacher driven 

teaching method (Haslam & Gunstone, 1996; 1998). In some occasion it was difficult to 

interpret whether the responses of the teachers truly illuminated their own thinking or was it 

just a phrase learned by heart. Our view is in accordance with the previous researchers and we 

acknowledge the teachers’ central role for students learning, but the impact of the teacher on 

students’ ideas and beliefs about observation is strong. The development of the skill of 

observation is focal for the students learning and Haslam and Gunstone (1996; 1998) have 

showed that if the context of the observable phenomenon is familiar, the observation is taken 

more seriously. Moreover, the students’ level of attention can be improved if the phenomenon 

to be observed is somehow interesting or intriguing for the students. 

Observations also serve as a method for the construction and verification of scientific models. 

While doing scientific inquiry, the observation serves as a first step in doing investigations as 

it contains all the components of a science inquiry process. Therefore, the observation belongs 

to the broad family of science process skills, such as, classification, measurement, making 

inference, prediction, recording, planning or communicating (see cf. Padilla, 1990). 

Dehydratation of copper sulphate pentahydrate 

Dehydratation of copper sulphate pentahydrate is widely used in school chemistry instruction 

as an example of reverse reactions. The combined water can be removed from the crystal 

structure simply by heating the substance and it can be returned to the crystal structure by 

adding water to the dry residue. The process is typically described by the following reaction 

equation: 

O5HCuSOO5HCuSO 2424   

In the macroscopic scale, when observing the dehydratation phenomenon, it appears that the 

originally blue, crystal substance is turned in to white porous substance and water is formed 

simultaneously. This is due to the combined water molecules leaving the crystal structure and 

forming water vapour at first, and when cooled, the liquid water eventually. 

In microscopic scale, the copper sulphate exists in several hydrates of which mono-, tri- and 

pentahydrates are the most frequent (Jóna & Šramko, 1976; Langfelderováet al., 1979; 

Varghese & Maslen, 1985). Copper sulphate pentahydrate is complex compound where 

copper is as central atom and water molecules and sulphate ions are ligands. Four water 

molecules and two sulphate ions are oriented towards the central atom in such way that the 

oxygen atoms of the ligands point towards the central atom. The fifth water molecule is not 

coordinated to the central metal cation rather it is placed somewhat freely inside the unit cell 

of copper sulphate pentahydrate. This fifth water molecule, however, forms weak hydrogen 

bonds with two other water molecules and two sulphate ions. In this case, hydrogen bonds are 

formed between the hydrogen atoms of the uncoordinated water molecule and oxygen atoms 

of the coordinated water molecules and sulphate ions (Jóna & Šramko, 1976).  
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The dehydratation of copper sulphate pentahydrate takes place in three steps. The first 

intermediate is trihydrate and the second is monohydrate (Jóna & Šramko, 1976; 

Langfelderová et al., 1979). Earlier, it was assumed that the dehydratation proceed in such 

way that two coordinated water molecules leave the crystal structure, next other two 

coordinated water molecules and last the uncoordinated water molecule leave the crystal 

structure. However, Langfelderová’s and others study (1979) showed that the uncoordinated 

water molecule coordinates to the central atom and take part to the formation of the trihydrate 

and the monohydrate respectively.  This was revealed when they compared the crystal 

structures of the intermediates and synthetically manufactured crystals. 

While dehydration proceeds, water formation and colour and structure changes may be 

observed. Crystal and ligand field theories explain the formation of and properties of the 

coordination complex and the colour changes (Barnard, 1965; Shiver et al., 1994; Rayner-

Canham, 1996). Crystal field theory explains that the interactions between the central atom 

and the ligands are electrostatic in their nature and neglect the overlap of electron clouds 

between central atom and its ligands. Ligand field theory, in turn, takes account of overlap of 

electron clouds. The color of the substance is a consequence of the absorption-pass process of 

radiation in visible light spectrum. The substance absorbs the radiation that is complementary 

to the color that it appears to eye. The copper(II)sulfate pentahydrate appears blue due the 

absorption of radiation that has wavelength about 640 nm (orange light). In this case, the 

incoming radiation excites one d-orbital electron and it is shifted to the higher energy level 

and the substance appears as blue. Removing water molecules from the crystal structure 

changes the ligand field of copper(II) ion because only the negatively charged sulfate groups 

remain the lattice. The remaining sulfate groups weaken the ligand filed and the absorption 

spectrum of the substance is sifted towards infrared area. This appears that the originally blue 

substance is turned into white. Even if the water molecules and the sulfate groups as such do 

not cause the color change, their role in the process of color change is focal. 

Students’ views on dehydratation 

The demonstration or laboratory experiment of dehydratation of copper sulphate pentahydrate 

and recovery of the water is widely used example of reversible reactions in lower and upper 

secondary level chemistry education. However, only a very limited number of research has 

investigated students understanding about this particular phenomenon, which is on the 

contrary to its popularity in education.  

Pfundt (1982) investigated students’ conceptions about the transformation of substances and 

30 8 – 13 years of age students were observed and interviewed. She demonstrated the heating 

of hydrated copper sulphate and its recovery and asked them to explain their observations. 

Three rival explanations for colour change were drying, bleaching and formation of ash. 

Some of the students who had the conception of ash formation also assumed drying. The 

detailed analysis of students’ explanations showed how the students were incorporating new 

experiences into an already existing framework. For one student it was “ash formation” and 

for another one “drying”, but of special importance was that the frameworks determined the 

expectations they did not pay at all or paid little attention to observations that were on the 

contrary to expectations. Students’ understanding about the continuity of the substance was at 

variance to scientific view. Those who referred to “drying”, they expressed understanding that 

the matter does not cease to exist; only its appearance change. However, those who referred to 

“ashing” assumed that the substance itself changes, but after shown the demonstration about 

the recovery of water they changed their conception rapidly and accepted the conception of 

reversibility. Findings of Clark, Clough and Berg (2000) study corroborated Pfundt’s (1982) 

findings. They both showed that the role of water is poorly conceived and one reason for this 
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could be the gaseous form of the formatted water. In conclusion, all students showed some 

understanding about the relation between colours and water however the molecular level 

relation remained rather vague for them. 

Rodriguez and Vicente (2002) designed a teaching sequence for the university level chemistry 

course that based on the versatile properties of copper sulphate pentahydrate. Silber’s (1972) 

had carried out a similar study, but the set-up and realisation of the laboratory activity was 

simpler. They both aimed at teaching the elementary inorganic chemistry concepts and the 

chemistry research methodology. Batts’s and others (1977), Volk’s and others (1977) and  

King’s (1986) and Zielinski’s (1995) studies are the few other studies carried on the students 

understanding about chemistry in the context of copper sulphate pentahydrate. From our point 

of view, Zielinski’s (1995) study is the only one that concentrates on chemistry learning at 

some extent whereas the other studies use the copper sulphate pentahydrate merely on 

practical reasons and it could be replaced by some other substance. Zielinski’s (1995) study 

investigated the teaching of reaction kinetics by Mathcad program and copper sulphate 

pentahydrate served as an easy example and some other substances could be used instead. 

In conclusion, very little is known about upper secondary school students understanding on 

reversible reactions even though the heating of copper sulphate pentahydrate and recovery of 

the water is widely used laboratory experiment. In this study, we will first concentrate on the 

students’ observations and illuminate how they explain the phenomenon at macro level. The 

study was designed to yield answers to the following questions: 

1. What features in the dehydratation process are identified initially? 

2. What features in the hydratation process are identified initially? 

 

METHODS 

Targets 

Schools in the study were chosen based on their willingness and availability at the time in a 

provincial capital city (Jyväskylä, Finland) and its neighbouring municipality. In Finland 

schools are rather homogeneous, as are the facilities to teach chemistry and teachers’ 

educational background (OECD, 2004). Thus, schools in the research can be considered as 

“typical” Finnish upper secondary schools where the great majority of pupils have a white 

middle-class background. The study targets were 39 students in their first year of study 

(except for three students who were already in their second year) of the upper-secondary 

school (aged 16-17). The students had selected their particular schools for geographical 

reasons or on the basis of their personal preferences. In summary, the students were typical 

Finnish students and teaching was typical Finnish upper-secondary school teaching at this 

level (see e.g. Pehkonen et al., 2007). 

As for the subject matter and type of course, we used a compulsory General Chemistry 

course. All teachers used the same text book in their instruction and therefore the course 

contents were similar across all study groups to a major extent. However, some variance 

could be noticed in the actual procedure the dehydratation and the reverse process was taught 

in each group, but according to the teachers, the teaching would have been the same whether 

or not they and their students participated in the study. 

Data gathering 

The data was collected during the General Chemistry course by asking the upper 

secondary school students (N = 39) the following question: 

Strand 1 Learning science: Conceptual understanding

6



The test tube contains hydrated copper sulphate (CuSO4 ∙ 5H2O) and it is heated 

in the Bunsen flame the open end of the test tube pointing slightly downwards. 

Reaction equation for this reversible reaction is 

O5HCuSOO5HCuSO 2424   

a) What you observe during heating?  

b) The heating is stopped and the test tube is left cooling. What happens if few 

drops of water are added on the substance? 

c) Explain why the phenomena happen? 

 

The aim of two first questions is, on the one hand, to get the students to concentrate on 

observations and, on the other hand, to find out what features of dehydratation and 

hydratation processes initially come to their minds and how many different properties of 

substances, starting materials and reaction products related to combustion they recognise. In 

other words, the presumption was that two first questions would reveal students’ general ideas 

- their preconceptions - on the phenomena and that the last question might shed light on how 

these preconceptions may be related to the micros level explanation of the process. 

Data analysis 

The analysis used is mainly qualitative and it can be best described by inductive content 

analysis (Patton, 2002). First, student teachers’ answers were read through many times. 

During the reading certain patterns were abstracted. All the team members are teacher 

educators with the same kind of theoretical background from science education. When 

different categories started to be formed, each category was again read separately and 

inconsistent answers were taken away and perhaps moved to other categories. Also this 

procedure was done several times. After this, the categories that contained similar ideas were 

read together. The patterns were not exactly determined so that after several discussions with 

the team members the final few categories with some subcategories were formed. All 

responses were carefully categorised together with their frequencies. In the final form, the 

exact classification has been left out and only the full percentages are given.  

 

RESULTS 

Five main categories and seven subcategories were formed from the students’ answers. These 

are given in Table I together with the percentage of the responses. The contents of these 

categories are then explained and few answers are given as examples. 

Descriptions about water phenomenon 

The answers were placed in this category if the student writes about water formation during 

the experiment, for example liquid formation, draining or dropping of water. Also, if the 

student used the expressions of liquid formation, evaporation, boiling or steam, it was 

included in the category.  Some students used the expressions ‘disintegration of water’ or the 

‘change of state of water’ of which the latter mentioned refers to concrete observable 

phenomenon whereas the former does not. In the recovery process, the answers were placed 

in this category if the student writes about water absorption, water recovery or water 

“disappearing” during the experiment. 
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Table 1 

Distribution of the student teachers’ answers in question 1: What features in the dehydratation 

are identified initially? (N = 39). 

 

Process 

Observation Dehydratation Hydratation 

Water phenomenon 69 % 36 % 

Water only 23 % 13 % 

Water and color 13 % 13 % 

Water and construction 15 % 5 % 

Water, color and 

construction 18 % 5 % 

Color phenomenon 36 % 36 % 

Color only 5 % 13 % 

Color and construction 0 % 5 % 

Structure phenomenon 46 % 31 % 

Construction only 13 % 15 % 

Recovery - 15 % 

No answer 13 % 15 % 

 

Descriptions about colour phenomenon 

The answers were placed in this category if the student writes about colour changes. Most 

often the students give descriptions about blue colour turns into white or greyish, but some 

students write only generally about colour change. A couple of students write about blue 

colour turns into colourless, which from our point of view referred to the formation of water. 

In the recovery process, the answers were placed in this category if the student writes about 

the recovery of the original blue color of the substance. 

Descriptions about structure phenomenon 

The answers were placed in this category if the student describes composition, construction or 

phase changes. We also included answers in this category if the student explains that the 

construction or the phase of the substance stays the same during the process. The following 

themes were abstracted from the students’ answers: composition changes, crystalline structure 

is decomposed, solid turns into liquid, crystallization takes place, the phase remains 

unchanged, and substance turns into powder. One example of classical “ash formation” (see 

Pfundt, 1982) was found too. In the recovery process, the answers were placed in this category 

if the student writes about recovery of the original crystal structure of the substance or writes 

about that original solid phase of the substance is recovered. 

Descriptions about structure phenomenon 

The answers were placed in this category if the student simply explained that the original 

properties are recovered. This kind of expression was used in the explanations in the above 
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mentioned categories too, but the answer was places in this particular category if the student 

had not given any explanations to the preceding question. 

No answers 

The answers were placed in this category if the student did not explain anything or the answer 

was inconsistent with the scientific view of the phenomenon, such as, “the copper sulphate 

solidifies when cooled. The water operates as indicator and accelerates the reaction”. 

 

CONCLUSION 

For the majority of the students’ the observations seemed to mean in the first place just 

noticing things. The water formation seemed to overrule other visual or acoustic observations 

and coherent view of transformation of the substance was not made. Moreover, the students’ 

observations during the reversible process were even more deficient. Nevertheless, students’ 

in this study made quantitatively more observations and qualitatively more detailed 

observations than pupils’ in Phundt’s (1982) study, which is, perhaps, due to their better 

inquiry skills. However, still at this level, we could found many classical misconceptions that 

appear in younger pupils’ minds. Most often the students write about one single observation 

whereas the number of those students’ that what write about the observations of two or three 

different things were sparse. Also, the nature of the observations changed during the 

experiment, even if the quantity remained unchanged. We argue that there is room for the 

classical demonstration of dehydratation of copper sulfate pentahydrate in chemistry 

education around the world but teachers should be aware that it is not self-evident that the 

students make observation quantitatively or qualitatively in such detailed way as the teacher 

may assume. 

Nevertheless, this study shows the need to carry out plenty of practical investigations both to 

improve the students’ scientific observation skills and their ability to perceive the causal 

relationship between the observable phenomena and the scientific explanations.  Howes 

(2008) argues that phenomenon needs to be interesting and important to the student if we 

assume that they would make detailed and careful observations about it.  
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MATHEMATICAL MODELS IN CHEMISTRY LESSONS 
 
 
Ines Schmidt and David-S. Di Fuccia

 

University of Kassel, Germany 

Abstract: In chemistry it is often necessary to apply mathematical terms, methods and 

scientific paradigms in order to explain chemical phenomena. Furthermore, a mathematical 

analysis of chemical processes can help to facilitate and deepen the understanding of the 

underlying chemistry. That is why avoiding mathematical views in chemistry lessons 

might result in students having difficulties in developing an adequate understanding of 

chemistry. On the other hand, it is known that students have difficulties with connecting 

aspects of mathematics with chemistry. 

Since there is only rarely reliable information available from research at the moment, we 

researched to what extent mathematical models are actually implemented in German 

chemistry lessons at all and in which ways this is done. In order to investigate in which 

contexts mathematics should be used in chemistry lessons, the current curricula of upper 

secondary chemistry of all German federal states have been analysed in a first step. Based 

on the results of this analysis, additional approaches have been developed and carried out 

to get a multidimensional insight into how such issues are actually taught in everyday 

chemistry lessons. 

Keywords: mathematical models, modeling, upper secondary chemistry, curricular 

guidelines, teaching situation, textbooks, final exams  

 

FRAMEWORK 

Using mathematical models like equations, functions, graphs, geometric figures or 

coordinates in chemistry means describing facts and data by using mathematical terms, 

methods or tools. Today, there are two ways of using mathematical models in chemistry 

lessons. On the one hand, mathematical models are used when calculating and applicating, 

which means finding results by using given mathematical models. On the other hand 

mathematical models can be created by the learners and used in a process of explaining 

facts and data in order to solve a chemical problem or to answer a chemical question. This 

process constitutes the so-called mathematical modelling. 

Unfortunately, it is known that students have difficulties with connecting aspects of 

mathematics with chemistry (Potgieter et al, 2008), and teachers might be deterred from 

using mathematics in chemistry lessons due to those problems. However, considering the 

acquisition of problem solving skills in chemistry, it seems reasonable to introduce tasks, 

which aim at problem solving by using mathematical models. A conscious handling of 

mathematical models demands the transfer and usage of mathematical knowledge in new 

and significant situations and thus can support the comprehension of the terms that were 

modelled and foster problem solving skills (Borneleit et al, 2001).  

The following quotation points out the definition of mathematical modelling, which is used 

in didactics of mathematics: “We talk about modelling when pupils consciously justify or 
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choose mathematical descriptions, a model and its assumptions, and when they validate the 

efficiency or the limit of the chosen model on the basis of the interpreted results.” (Büchter 

& Leuders, 2005) This means mathematical modelling includes the whole process of 

mathematization as well as interpretation. 

This process of mathematical modelling can be described by a model according to Blum 

and Leiß (2006), which helps explaining teaching-, learning-, and thinking-processes 

(Borromeo Ferri, 2007). Adapting this model to the process of mathematical modelling in 

chemistry lessons, leads to the following model (Schmidt & Di Fuccia, 2012). 

 

  

Figure 1. The process of mathematical modelling in chemistry lessons (Schmidt & Di 

Fuccia, 2012) 

 

Going through the process means starting with a situation in the real world. Pupils have to 

construct and to understand the problem or task and they have to simplify and to structure 

the problem in order to obtain a chemical model, such as reaction equations, laws, and 

resultants of chemistry. In the next step, pupils have to choose mathematical terms or 

methods in order to describe the problem mathematically and to obtain a mathematical 

model, e.g. a function or an equation. In step 4, being in the world of mathematics, pupils 

have to calculate to get mathematical results. Afterwards, they have to translate these 

results from a chemical point of view and they have to ask themselves whether these 

results are useful or not. Finally, they have to relate their results to the real situation. 

The detailed description of the process of mathematical modelling allows a classification 

of students’ difficulties with mathematical modelling. More precisely, it becomes possible 

to specify at which individual steps in the modelling process students face problems and 

which consequences this might have on understanding chemical phenomena. A 

precondition for that is to know, where and how mathematical models shall be used in 

chemistry lessons according to the curricula of the German federal states and where and 
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how they are really used in everyday chemistry lessons. Up to now, there is rarely reliable 

information available from research to what extent and in which ways mathematical 

models are actually implemented in chemistry lessons. This leads to the following research 

questions: 

1. In which contexts should mathematics be used in chemistry lessons according to the 

curriculum? 

2. How are mathematical models actually taught in chemistry lessons? 

 

METHODOLOGY 

1. In order to identify in which contexts mathematical modelling should be taught in 

chemistry lessons, the current curricula of upper secondary chemistry of the 16 

federal states of Germany have been analysed. 

2. The following approaches were chosen to provide a multidimensional insight into 

how such issues are taught in everyday chemistry lessons: 

 An inspection of different textbooks (N=5) served to get more details about the 

way the curricular guidelines are interpreted with respect to the mathematization 

of chemical concepts. Herein, we examined book chapters of 7 subject areas, 

which aim at using mathematical models according to the analysis of the 

curricula. All in all, we analysed 164 subchapters with their introductory texts, 

derivations of mathematical models and examples as well as a total of 1520 

exercises. 

 Additionally, a qualitative analysis of the tasks of the centralised final exams for 

the subject chemistry has been done. It is assumed that these tasks and their 

sample solutions reflect which assignments or rather subject areas are currently 

deployed in chemistry lessons in secondary education and which role 

mathematical models play in these contexts. In this part of the study, we analysed 

31 exams (698 single tasks) of 5 selected federal states in total. The selection is 

based on the analysis of the curricula of upper secondary chemistry (see 1). 

 As another part of the study, chemistry teachers (N=13) were interviewed in order 

to determine how the use of mathematical models is actually taught in current 

German chemistry lessons. Based on the knowledge about where mathematical 

models shall be used in chemistry lessons, we asked the teachers how they usually 

teach these topics.  

 

SELECTED RESULTS 

By analysing the current curricula of upper secondary chemistry, topics were identified, 

which rely on a mathematization of chemical issues. The comparison of the curricular 

guidelines of the 16 federal states of Germany indicated that these guidelines differ 

enormously:  

a. The curricula of the single federal states differ in respect of the topics in which a 

mathematical analysis of chemical phenomena is required. For instance, half of all 

states request a quantitative analysis of an organic compound according to Liebig / 
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Meyer, while the other half does not demand this topic. Consequently, the 

percentages of topics with a mathematical share vary enormously (see table 1). 

 

Table 1 

Percentage of topics with a mathematical share – Comparison of the federal states of 

Germany 

Federal State 
Percentage of topics with a 

mathematical share 

Bremen 81,82% 

Saxony 61,11% 

Baden-Württemberg 58,82% 

Rhineland-Palatinate 56,60% 

North Rhine Westphalia 55,93% 

Lower Saxony 55,56% 

Hamburg 55,17% 

Thuringia 47,83% 

Berlin 43,02% 

Brandenburg 43,02% 

Mecklenburg-Western Pomerania 43,02% 

Schleswig-Holstein 41,38% 

Saarland 40,00% 

Hesse 36,96% 

Bavaria 33,78% 

Saxony-Anhalt 32,97% 

 

 

b. The curricula of the single federal states differ in respect of the depth of 

mathematization, in particular:  

 Mathematical views are more extensive in advanced courses than in basic courses 

in all federal states. For example, the Henderson-Hasselbalch equation has to be 

taught only in advanced courses but not in basic courses in almost every federal 

state of Germany. 

 The curricula differ in the recommendations of how mathematical models should 

be implemented in class. For example, one keyword that can be found in all 

curricula is “the law of mass action”. However, only in few curricula the 

derivation of that mathematical model is explicitly recommended. This means that 

dealing with the law of mass action is mandatory while the derivation is not.  

The following figure illustrates the wide range in the percentages of explicit 

instructions for the implementation of a mathematical topic in chemistry lessons. 
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Figure 2. Percentages of explicit instructions for the implementation of a 

mathematical topic in chemistry lessons 

 

A closer look at the identified points, where a mathematization of a chemical topic is 

possible, indicates that in 32.8% of all these points an explicit recommendation of how it 

should be taught is included. A closer look at these explicit recommendations reveals that 

in 82.8% a calculation or numeric example is demanded and only in 17.2% a derivation is 

mandatory. 

Overall, two different types of using mathematics in chemistry lessons in the current 

German curricula of upper secondary chemistry can be identified: 

 Calculating and applicating, which means finding results by using given 

mathematical terms, methods, tools and models (such as functions, graphs, 

geometric figures and coordinates) 

 Derivations of chemical laws and resultants, which can be described 

mathematically by using mathematical terms, methods, tools or models.  

 

Compared to the curricular requirement, the results of the substudies, which provide an 

insight into the actual situation, show that derivations of mathematical models of chemical 

issues hardly play any part: 
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Analysis of textbooks 

The analysis of different textbooks (N=4) shows that out of 1520 exercises of those book 

chapters, which aim at using mathematical models, 884 exercises include a mathematical 

part. 99.6% of these 884 exercises demand exclusively the use of given mathematical 

models and only 0.4% require a derivation. In 36.0% of those chapters, which include a 

mathematical model, the derivation is provided by the textbooks but the tasks do not ask 

the students to reflect upon the derivation on their own. 36.5% of chapters with a 

mathematical share provide step-by-step examples, designed to introduce single 

applications, so that pupils have to reproduce the way of calculation. Differences between 

the 4 textbooks are hardly ascertainable.  

In order to describe the way of using mathematical models in tasks, the modelling process 

(see Figure 1) can be used as category framework. Considering the needed single steps of 

the modelling process in the tasks of the textbooks, we find that the tasks mainly deal with 

translating between chemistry and mathematics back and forth as well as working 

mathematically. Finding and validating chemical models is rarely asked in the textbooks. 

The following figure shows the comparison of the single textbooks with respect to the 

average steps which are required to solve a task (see Figure 3). 

 

 

Figure 3. Comparison of the single textbooks –required steps of the modelling process 

 

Analysis of German centralised final exams 

The results of the qualitative analysis of the centralised final exams show that federal states 

with a comparatively high mathematical share in the curriculum tend to use more 

mathematical models than others in their tasks of the centralized final exams. Overall, 27,7 

% of the analysed tasks require using mathematical models. Using mathematical models in 

final exams in Germany means applying given formulas. If the questions or contexts 

contain a complex train of thoughts, the tasks are divided in several subtasks, so that each 

single subtask includes not more than one idea. It is worth mentioning that students are 

able to select a certain number of tasks from several proposals. That is, students have the 

option of choosing mathematical tasks or they can even leave out the mathematical part 

completely in some cases. 
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A comparison of the percentages of mathematical tasks in the centralised final exams (31 

final exams (2008-2011) of 5 selected federal states / in total 698 single tasks) shows that 

these percentages vary in the single federal states between 10-55% in basic courses and 

between 12-59% in advanced courses. Sometimes, the percentage in a basic course final 

exam is even higher than in the advanced course exam of the same state and in the same 

year. 

An analysis of the tasks of the German centralised final exams in respect to the needed 

steps of the modelling process shows that steps of the mathematical part are asked most of 

all, just as in the case of the textbook tasks. But the tasks of the final exams bear more 

reference to a real situation than the tasks of the textbooks. Furthermore, finding and 

validating chemical models is asked more often in tasks of final exams than in textbook 

tasks (see Figure 4). The comparison shows that there is another kind of assignment in the 

final exams than in the textbooks. Differences between the tasks of the final exams in the 

single federal states in respect to the reference to real situations are hardly ascertainable. 

 

 

Figure 4. Comparison of tasks in textbooks and final exams – required steps of the 

modelling process 

 

Teacher interviews 

The teacher interviews have shown that derivations are nearly never implemented in basic 

courses. In advanced courses, derivations are almost exclusively presented by the teacher. 

In addition, the teacher always gives examples of calculations before pupils have to 

calculate on their own. According to the teachers, derivations can help to foster the 

understanding, provided that students are good at mathematics. The fewer students from 

one class are good at mathematics according to the teachers’ estimation, the fewer 

mathematical models are used by teachers in chemistry lessons. In contrast, one of the 

biggest problems with mathematical models from the teachers’ point of view is that 

students very often lack elementary chemical knowledge, rather than mathematical basic 

knowledge. 
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OUTLOOK 

With the afore mentioned results which give an insight into the current teaching situation, 

it is now possible to analyse the students’ problems with using and finding mathematical 

models in detail. In order to analyse the process of mathematical modelling, tasks with 

incremental / stepwise learning aids (Schmidt-Weigand & Hänze, 2009) are used as 

diagnostic tool in order to identify students’ difficulties at each step of the process of 

mathematical modelling. 

Up to now, tasks with incremental learning aids are known almost exclusively as learning 

tasks: Incremental learning aids allow students to deal with complex tasks or problems and 

they are predestined for tasks aiming at application and transfer of content. Moreover, 

these aids are suitable for problems showing a linear structure, typical for mathematical 

tasks in chemistry lessons. As these learning aids may be designed in respect of the single 

steps of the modelling process, tasks with incremental learning aids allow a clear 

distinction of the individual steps in the modelling process and can be designed as 

diagnostic tool to differentiate between chemical, mathematical as well as learning and 

procedural strategies. In this way, it can be determined whether the occurring problems 

during the modelling process are linked to a specific step of the process or to topic-specific 

difficulties. In particular, it can be examined whether and to what extent students are able 

to apply and transfer competences acquired in maths class in chemistry lessons, 

respectively. That is why such tasks seem to be suited for diagnosing the problems of 

pupils working on the modelling process, too. 

First experiences with designing such tasks have shown that the aids have to be arranged in 

a different way than it is known from tasks with incremental learning aids as learning 

tasks. When designing tasks with incremental learning aids as learning tasks, the aids are 

structured in the following manner: In the first part of one aid a hint is given or a question 

is posed. In the second part of the aid the answer to this question is directly given. When 

designing these aids as diagnostic tool, we additionally differentiate between aids, which 

give a hint at the next step of the modelling process in general, and subsequent aids, which 

concretise the next step in the cycle and its realisation. In this way, each resulting aid 

covers a smaller part of reasoning within the modelling process, so that each single step in 

reasoning of the process is reproduced. Using tasks with incremental learning aids allows 

pupils to pass the whole process of mathematical modelling and researchers to diagnose 

pupils’ problems in a more detailed way.  

Within the study, tasks with incremental learning aids will be used to carry out a video 

study in which pupils have to work on a task of mathematical modelling in a laboratory 

situation.  
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Abstract: The teaching of electrocinetics has always given rise to recurrent learning 

difficulties, from junior high school to university. Over the last thirty years, research has made 

it possible to identify families of errors and to infer from these the spontaneous reasoning 

which causes them to be made (for summaries see e.g. Duit & vonRhöneck, 1998, Mulhall & 

al., 2001). This paper proposes a new mechanical analogy. The device consists of a string in a 

closed loop, which has been tied tightly around four pulleys fixed to a square or rectangular 

base. A weight hanging from a wire that has been wound round a pulley puts the string in the 

closed loop into motion. Friction can be applied to the string by pinching it. The speed at 

which the string moves depends on both the weight hanging from the pulley and the elements 

that are put in the circuit. The analogy aims to enable pupils to change their conceptual 

approach (from local reasoning to global reasoning). In this paper, the analogies (physical 

quantities and electrical components) are established for series circuits.  

Keywords : Analogy, Electricity, Mechanics, Misconceptions. 

 

INTRODUCTION : MISCONCEPTIONS IN ELECTROCINETICS 

Research in science education has led to the identification of several misconceptions in 

electrocinetics: 

- The single wire: some pupils think current is carried by only one wire from the generator to 

the receiver. This misconception is less frequent when pupils work on the notion of a closed 

circuit, but may recur when they start studying the capacitor charge (Clement & Steinberg, 

2008). 

- Clashing currents: some pupils assume that two currents leave the generator and join up at 

the receiver, which creates a sort of ‘clashing current’ (Osborne, 1983). 

- Current is used up as it circulates: some pupils assume that the current gets used up, that its 

intensity diminishes once it has gone through a dipole receiver in the circuit (Duit & Rhöneck, 

1998). 

- Some pupils think that the battery always gives out the same amount of current, as there is 

some confusion in their minds between a current generator and an intensity generator. Most of 

generators are voltage generators. 

- For pupils, the current reacts as it moves through the circuit in the conventional sense, that's 

mean it doesn't consider what there is downstream. This misconception explains why pupils 

think the order of the electrical dipole have an importance andreinforces the idea that the 

battery always gives off the same amount of current. Pupils here use local reasoning (Closset, 

1983), which is also called linear causal reasoning (Viennot, 1996) when pupils describe a 

succession of elements of local reasoning. 

- One of the most difficult concepts in electrocinetics is the notion of voltage. Pupils often 

can’t see the difference between voltage and intensity, and consider them to have the same 
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characteristics (Duit, R & von Rhöneck, 1998). The similarity between the formulae in the 

Kirchhoff's Current Law (I(A) = I1 + I2)  and the Kirchhoff’s voltage law (U(V) = U1 + U2)  

add to this confusion. 

 

AVAILABLE ANALOGIES 

Analogies have been devised in order to help pupils to reason more like scientists. Johsua and 

Dupin, (1989) suggested an analogy using  rail trucks (which represent electric charges) 

which workers set in motion by pushing them (picture 1). The trucks are slowed down by a 

retarder.  But this analogy does not allow pupils to work on the difference between voltage 

and intensity, and leaves no room for experimentation. 

 

Figure 1.  The analogy of rail trucks 

 

Hind, Leach, Lewis and Scott (2005) suggested an analogy (figure 2) with vans delivering 

bread (which represents energy) to a supermarket (which rerepresents receptor).  But this 

analogy has the disadvantage of  substantializing (Bachelard, 1938)  energy in the form of 

bread, and , as in the previous case, does not allow any experimenting. 

 

 

Figure 2. The analogy of vans 
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Hydraulic analogies are frequently used, but may well reinforce pupils’ inaccurate beliefs: for 

exemple, that the battery (which is represented by the mountain stream) always puts out the 

same amount of current even if there is a resistor (an obstacle) in the circuit (figure 3).   

 

 

Figure 3. Exemple of hydraulic analogy (Physique, classe de seconde, Nathan, 1997). 

 

As for the Hydraulic closed cicuit, the notion of pressure (which is comparable with the 

notion of voltage (Closset, 1992)  is no better understood by pupils than the notion of  voltage 

and pupils have as much difficulty understanding hydraulics as they do electricity. In this 

analogy, pupils can’t see whether the liquid moves quickly or slowly.  

So to sum up, we can say that the analogies available to us, have several drawbacks.  They do 

not allow any concrete manipulations and are incomplete or may be just as complex as the 

target subject. In this context, we have devised a new analogy, the closed loop string analogy.   

 

A NEW ANALOGY FOR TEACHING ELECTRICITY: CORDELEC 

The device consists of a string in a closed loop, which has been tied tightly around four 

pulleys fixed to a square or rectangular base. Each pulley is fixed to a corner of the base, as 

can be seen in the diagram below. This device has been invented by Ludovic Morge and 

Sébastien Masson and patented by Blaise Pascal University (Morge et Masson, 2010). 

 

Figure 4. Tthe closed loop string analogy 
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A weight hanging from a wire that has been wound round a pulley puts the string in the closed 

loop into motion. Friction can be applied to the string by pinching it. The speed at which the 

string moves depends on both the weight hanging from the pulley and the elements that are 

put in the circuit. After gradually accelerating, the device settles into a regular speed, with the 

force of the friction compensating for the weight hanging from the pulley: the total amount of 

forces exerted on the string is null. 

If the string is pinched hard, the string stops moving. The string is not equally taut on each 

side of where it is pinched. It is tauter on the side in which the string is moving. If the string 

compresses a spring, the string continues moving until the sum of the forces exerted on the 

string is cancelled out. If the string pulls an inertia disk, the string will move more slowly. In 

this device, there is an analogy between the movement of the string and current. Similarly, 

there is an analogy between electric intensity and the movement of the string. Electric current 

is invisible, but pupils can observe the movement of the string. Electric voltage is analogous 

to the difference in the tension in the string. 

 

ESTABLISHING THE ANALOGIES 

The tables below show the main analogies which can be established for physical quantities 

(table 1), components (table 2) and reasoning (table 3). 

 

Table 1 

Physical quantities 

Electricity  Mechanics  

Voltage Difference in string tension  

Intensity Speed at which the string moves/goes round  

Energy of the generator Potential energy of the mass of the mechanical 

generator 

Electrical Work Mechanical work 

Battery strength  Weight of the mass 

Temperature increasing by Joules effect Temperature increasing by mechanical rubbing  
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Table 2 

Electrical components and their analogous 

Electrical component Mechanical analogy 

Resistor/Resistance The string is pinched, causing friction (a finger or a weight 

pressing down on the string) 

Coil Flywheel 

Capacitor Spring 

Transformer 2 coaxial pulleys with 2 strings running through 

Diode Clam cleat 

Voltage generator A mass going down sets a pulley in motion  

Intensity generator A motor continually turning at the same speed  

Switch Pliers 

 

Table 3 

Misconceptions that can be worked on with this analogy 

Pupils think that… 

 

Closed loop string analogy shows that…  

Energy is a matter which disappears through 

the receiver 

Heat appears at the receiver without matter 

disappearing 

Electricity moves in two different directions 

from the battery 

The current moves in only one direction in 

the circuit 

There is less current after than before the 

receiver 

The intensity is the same before and after the 

receiver 

If you put a receiver in a circuit there is no 

effect before the receiver 

If you put a receiver in a circuit, there is an 

effect before and after the receiver 

Voltage is the same as intensity: no intensity 

means no tension. 

You can have tension without having 

intensity (and the contrary).  

The battery always gives the same amount of 

current  

The battery delivers less current if you add a 

resistor in the circuit  

When the capacitor is charging, there is no 

current after the capacitor  

The intensity is always the same after and 

before the capacitor  

The intensity is not always the same in the 

different parts of the series circuit  

The intensity is always the same in the 

different parts of the circuit  

Local reasoning  Global reasoning 
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CONCLUSIONS AND PERSPECTIVES 

Many analogies are possible with this device and may help teachers in their teaching of 

electrocinetics all the way through from junior high school to university. Research is 

underway to assess the way this device impacts teachers’ practices, and the changes in pupils’ 

misconceptions. 

Cordelec analogy works for a series circuit, but dosen’t work for a circuit with branch circuit 

receptors. In this case, hydraulic closed cicuit could be used. 

In order to know whether or not the field of mechanics is easier to understand than the field of 

electricity, two questionnaires has been designed with the same informations, the same 

questions but not in the same field. One is rooted in the field of electricity while the other is 

rooted in the field of mechanics. An extract of the questionnaires is presented in the appendix 

1 and 2 of the article. By comparing the results obtained by pupils for each questionnaire, we 

will know whether field of mechanics is easier to understand than the electrical one. We are 

currently gathering data. 
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APPENDIX 1 : extract from the questionnaire in the field of electricity 

 

Circle the correct answer for each question.  There is only one correct answer for each 

question. 

 

First assembly.   The battery used for this assembly is a 9-volt battery.  There is an 

electric current.  Light L1 is on. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1 The electric current after the light is... 

faster than the same speed as  slower than  … it is before the light. 

 

1.2. I have replaced the 9 volt battery in the assembly by a 4.5 volt battery 

With the 4.5 volt battery, the light (L1) is  

less bright than as bright as  brighter than  … when it was lit by a 9 volt battery 

 

1.3. I go back to the first assembly with the light and a 9 volt battery.  This time, I put in a 

switch (see the diagram below).  To begin with, the switch is in the “on” position. When I put 

the switch in the ‘off’ position, the current between the + pole and the light L1... 

still flow like the 

light (L1) 

keeps flowing for a short time 

after the switch has been put in the 

‘off’ position 

stops flowing into the light as soon as 

the switch has been put in the ‘off’ 

position 

 

 

 

 

 

 

 

 

 

 
                  

Pôle + Pôle - 

Light 1 (L1) 

Pôle + Pôle - 

Light (L1) Switch 
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APPENDIX 2 : extract from the questionnaire in the field of mechanic 

 

Circle the correct answer for each question.  There is only one correct answer for each 

question. 

 

Assembly 1 : In this assembly, the suspended/hanging mass is of 9 kilos.  The string is 

turning.  Brush B1 is getting hot. 

 
 

1.1. The string  turning after the brush goes,  

faster than  as fast as  not as fast as  … the string before the brush. 

 

1.2. In the assembly, I have replaced the suspended 9 kg mass by a suspended 4.5kg mass.  

With the 4.5kg mass, brush B1 gets... 

less hot  as hot as  hotter  …. than when it heated with the 9kg suspended mass. 

 

1.3. I redo the first assembly, with brush B1and the 9kg suspended mass.  In this assembly, I 

put a clip on the string (see diagram below).  To begin with, the clip is open.  When I close 

the clip, the string between the pulley + and brush B1... 

keeps moving towards 

the brush B1 

keeps moving towards brush B1 

just for a moment after the clip 

is closed. 

stops moving towards the brush when 

I close the clip. 

 

 

Poulie +  
Poulie - 

Brosse 1 (B1) 

Pulley + 
Pulley - 

Brush 1 (B1) Clip 
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DO VISUAL MODELS SUPPORT DEVELOPMENT OF 

SCIENTIFIC EXPLANATIONS OF IONISATION ENERGY 

VALUES? 
 
 

Ruth Wheeldon 

Institute of Education, University of London, UK 

 

Abstract: Chemistry pupils and their teachers often use non scientific causal arguments in 

ionisation energy explanations. This research examines how activities which model the 

electrostatic character of electron/electron and electron/nucleus interactions can support the 

development of scientific explanations. 38 chemistry pre-service teachers’ (PSTs) responses 

to true/false statements were analysed before and after the interventions in order to determine 

the change in explanatory ideas used. Six of these PSTs were also interviewed to similarly 

identify changes in their explanations. Responses were analysed using confidence levels to 

identify guessing and subsequently changes categorised the interventions as having one of 

four effects:  A ‘positive’ one when responses indicated causal arguments used instead of 

earlier guessing or alternative ones; A ‘no effect on a scientific concept’ change when use of 

scientific causal arguments continued after interventions; A ‘No effect on guessing or 

alterative ideas’ category when PSTs continued to guess or use non-causal ideas in their 

responses. Finally a ‘negative’ change in responses was identified when scientific argument 

responses changed to become guesses or indicate alternative ideas were now used. 49% of 

response changes to all statements were positive. 20% indicated an unchanging scientific 

concept was used to respond. However 12% of response changes were negative. Five of six 

interviewee explanations indicated developing use or retention of scientific arguments 

compared with all six showing improved or retained use of scientific arguments via changes 

in the true/false statement responses. These findings indicate that the development of causal 

arguments to explain ionisation energies is supported by activities that model coulombs law 

with respect to interactions between electrons and electrons and the nucleus in the atom. As 

these interactions are also responsible for chemical behaviours, development of these 

scientific principles supports a deeper understanding of chemistry more generally. 

Keywords: pre-service teachers, Chemistry Conceptual Understanding, Modelling-

based learning 

 

INTRODUCTION 

Research has shown that many students and their teachers (Tan, Taber, Liu, Coll, Lorenzo, 

Li, Goh, & Chia, 2008; Tan & Taber, 2009) explain variations in ionisation energy values in 

ways that are not consistent with scientific causal explanations. Some of the arguments that 

are used reveal alternative conceptions about the electrostatic properties of the electrons and 

nucleus of an atom. This research aims to evaluate the effectiveness of intervention activities 

developed to allow Pre-service teachers (PSTs) to form causal electrostatic arguments for 

subsequent ionisation energy values. The activities involve modelling the simultaneous 

effects of attraction and repulsion to account for ideas like Shielding by demonstrating its 

electrostatic character followed by using a bonfire analogy to visualise and describe these 

electrostatic interactions and examining how the analogy’s features provide useful 

explanatory resources.  
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RATIONALE 

This paper aims to consider the efficacy of intervention activities via analysis of changes in 

response to true/false statements given before and after intervention. The activities aim to 

provide explanatory resources (via visual models) which support causal arguments, 

accounting for the differences in ionisation energy values.  

METHODS 

Questionnaire  

An electronic questionnaire using statements based on Taber’s (2002) ionisation energy true/ 

false diagnostic probe was used to determine electrostatic ideas. The statements all refer to a 

sodium atom and a diagram of a Rutherford/Bohr type representation was provided on each 

question slide as shown in figure 1. After the ‘true’ or ‘false’ response was given a further 

question prompted an indication of the answer confidence using a likert scale (Fig. 1). Table 

1 shows only the statements used to probe electrostatic understanding and how they might 

reveal alternative ideas.  

 

 

 Figure 1. Electronic voting screen showing confidence options 
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Table 1 shows only the statements used to probe electrostatic understanding and how they 

might reveal alternative ideas. 

Table 1 

True/False Statements probing electrostatic ideas 

Question 
Statements as they appeared on the screen with prompt 

for ‘true or false’ response by electronic voting (see 

fig. 1) 

Alternative idea that might be indicated by a 

‘true’ or ‘false’ response 

3 

The third ionisation energy for this atom is greater 

than the second as there are less electrons in the shell 

to share the attraction from the nucleus. 

True: Attraction between nucleus and a 

particular electron varies according to how 

many electrons are present 

4 Each proton in the nucleus attracts one electron. 

True: Attraction is between individual protons 

and electrons rather than the nucleus acting as a 

point charge. 

6 

After the atom is ionised, it then requires more energy 

to remove a second electron because once the first 

electron is removed the remaining electrons receive an 

extra share of the attraction from the nucleus. 

True: The nucleus charge can direct its 

attractiveness according to the number of 

electrons (not in keeping with Coulomb’s law). 

9 

The eleven protons in the nucleus give rise to a certain 

amount of attractive force that is available to be shared 

between the electrons. 

True: The nucleus charge can direct its 

attractiveness according to the number of 

electrons (not in keeping with Coulomb’s law). 

12 

The third ionisation energy for this atom is greater 

than the second because the third electron is nearer the 

nucleus 

False: Orbital or shell contraction due to 

reduced repulsion between fewer electrons is 

not noted as the cause of the increase in 

ionisation energy  

 

The electronic questionnaire was administered at the beginning and end of a half day session 

focusing on explaining ionisation energy. In between the PSTs observed a demonstration 

with explanation and in groups they discussed an analogy. These form the intervention 

activities considered here. 

Intervention activities 

1. Demonstration and Explanation: 

Given that causal explanations of ionisation energy depend on electrostatic ideas a Van de 

Graaff generator was used to model the simultaneous effects of attraction and repulsion to 

account for ‘Shielding’ and to demonstrate its electrostatic character. Fig 2 shows the detail 

of the demonstration set up. The charged hair (nucleus) moves when oppositely charged strip 

2 is moved modelling the attraction between outer electrons (strip 2) and the nucleus in an 

atom. When charged strip 1(inner electrons that repel the outer ones) is removed the effect 

the same motion has on the charged hair is greater (less shielding).  
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Figure 2. Demonstration set up 

Also Coulombs law was reviewed and applied to the atom – so that the charge on each 

electron (-Q) and the charge of the nucleus (+q) could be recognised as unchanging in terms 

the interaction between them for a specific atom (Fig.3): 

 

Figure 3. Coulomb’s law 

2. Bonfire Analogy: 

Tan et al. (2008) suggests that using a Bonfire analogy also helps support the idea that the 

attraction at a fixed distance between nucleus and a particular electron remains the same 

regardless of the number of electrons at the same distance. Given the difficulties noted when 

using analogies without fully acknowledging the target / analog match, this activity guides 

thinking about when the heat felt by people from the bonfire does and does not usefully map 

on to the target nucleus and electron electrostatic properties Treagust et al.(1998). The first 

task is to consider how the number of people present at the same distance away from the 

bonfire affects the heat each one experiences, and then to use this analogy to explain the 

attraction between nucleus and an electron (see task details Fig. 4).  

 

  

 F 
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Figure 4. Bonfire Analogy task materials 

The final part of the task asks PST to review the target/analog features of the solar system 

atom analogy and then use this approach to examine the usefulness and limitations of the 

bonfire analogy (An example of this type of analysis is shown in Table 2).  

Interviews: 

In order to elicit pre-service chemistry teachers’ explanations about ionisation energy values 

and particularly to explore the ideas draw upon, semi-structured interviews were used. 

Individual interviews of approximately 25 min each were conducted. The pre- intervention 

interviews were conducted from November 2011 to early February 2012.  

These interview protocols consisted of questions probing four areas: 

1. A graph showing the variation in subsequent ionisation energy values for an 

oxygen atom (pre-intervention) and a Fluorine atom (post intervention) were used to 

elicit an explanation for the variations  

2. Pre-service chemistry teachers were asked to sketch and explain any visualisations 

that they drew upon during their explanations. 

3. Atomic representation diagrams ((A) Rutherford type, (B) Electron cloud 

micrograph, (C) Bohr type and (D) Schrödinger type) were used as stimulus materials 

to explore the pre-service teachers’ ideas about the atom and these representations of 

it. This allowed the pre-service teachers’ use of the key terms; orbital, shell and 

energy level, to be clarified in relation to the atomic model features represented.  

4. Pre-service teachers were asked to indicate which representations were useful for 

their explanations and how they were helpful. 
 

The intervention occurred in mid February and the Post-intervention interviews occurred 

between April and June 2012. In the post intervention interviews PST were not asked to 

repeat part 3 & 4 of the above protocol but rather they were asked if and how the intervention 

activities had been useful in forming their explanation given at the start of the interview. 

We can compare the attraction an electron experiences to the heat one receives 

from a bonfire.  

The Bonfire heat experienced is dependent on: 

• How big the bonfire is 

• The distance one is away from the bonfire 

• whether one is blocked (screened/shielded) from the bonfire 

Tasks 

1. Consider the affect of how many people are present at the same 

distance away from the bonfire on the heat experienced.  

2. Use this analogy to explain the attraction between nucleus and an 

electron. 

3. Construct a table to explain the key parts of the analogy and note 

when the analogy breaks down.  
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Table 2 

Attributes that can be considered using this analogy. 

 

 

 

Sample: 

A convenience sample of 38 chemistry PSTs (full cohort of 50) were those present at two 

sessions (the same session repeated on the same day) which formed part of their initial 

teacher training course. All gave their permission for the anonymous collection and use of 

their responses to the electronic questionnaires. Six of these PSTs agreed to be interviewed 

prior to and after the PGCE session were all approached by email and gave permission for 

their responses to be audio recorded and extracts taken from these and from their drawings. 

ANALYSIS 

Analysis of data from T/F electronic questionnaire: 

Confidence levels provided with each ‘true’ or ‘false’ response were used to allow the 

‘guessing’ factor to be identified and accounted for. Using a framework developed from 

Khan, Davies & Gupta’s (2001) any responses which indicated ‘unsure’ character were 

considered as ‘guessing’ regardless of correctness of response and only the confident correct 

or incorrect responses used as indicators for assigning a good understanding or use of 

alternative ideas. Table 3 shows this framework. 
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Table 3 

Framework showing the relationship between confidence and accuracy of true false 

responses. 

 

 

In order to consider the efficacy of the activities the change in response to the questions was 

evaluated. Favourable outcomes would be indicated by improving concepts and maintenance 

of good concepts already held. Unfavourable outcomes would be indicated by continuing to 

guess or give alternative idea responses and particularly undesirable outcomes would be the 

potential introduction of alternative ideas or confusion. Table 4 links these possible changes 

to the categorisation of response changes from the electronic questionnaire. 

Table 4 

Summarises these potential shifts in responses  
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Analysis of interview data: 

Interview responses were analysed to characterise the types of explanations and the types of 

atomic visualisations used. The coding and categorisation methods used in the earlier study 

with a larger interview sample were used again Wheeldon (2011). Content analysis of the 

data looked for causality arguments. Commonly, when describing the effect of distance from 

the nucleus on ionisation energy values, ‘closer’ or ‘nearer’ or their opposites were used and 

all these linked with appropriate variation in electrostatic attraction was quite accurately used 

to form appropriate similar causal arguments. These similar terms were all coded ‘D’ for 

‘distance’. These then could be linked with coding for the nucleus or core etc ‘N’ and with 

electrostatic attraction terms (ESA). Together these terms and the linkages between them 

could then identify the causal ideas used. The researcher and a further advanced level 

chemistry teacher categorised explanations in this way and a high level of inter-rater 

reliability determined. 

 

FINDINGS  

Forty nine percent of response changes to all statements were positive. 20% indicated an 

unchanging scientific concept was used to respond. However 12% of response changes were 

negative. If this is considered rather in the net effect on an individual PST via their changes in 

response to the six statements then the data indicates that for 82% of PSTs (31 of 38), these 

activities are effective in supporting the development and retention of electrostatic principles 

applied appropriately to the atom, to allow causal arguments to be used to explain ionisation 

energy values. For four PSTs (10%) these interventions appear to have an overall negative 

effect. (Fig.5) 

 

(a) (b)(a) (b)

 

Figure 5. Response changes (a) for all statements, (b) overall for each PST 

Table 5 shows the electrostatic ideas used by those interviewed alongside those indicated by 

the electronic questionnaire responses before and after the intervention activities. The 

interviews also indicate that for all 6 PSTs the causal ideas used are either maintained or 

improve.  This broadly mirrors the general trend of using more causal electrostatic ideas and 

less non scientific ideas about these interactions.
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Table 5. Ideas used to explain ionisation energy before and after intervention activities drawn from electronic questionnaire and interview data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Foot notes: a AI – alternative idea shown by a confident incorrect answer, G- any answer with an unsure confidence level indicating guessing and GC – a confident correct 

answer indicating a good concept,  
b- √ - use of ideas indicating an alternative idea, √ - use of ideas indicating a good conception held. 
c –RGC – good concepts are retained, P – Positive effect- overall more good concepts are used or less alternative ideas shown NE – No effect- No change in the overall use 

of alternative ideas and/ or good conception ideas used. N –Negative effective overall less good concepts used and alternative ideas retained

 

Ideas used to explain ionisation energy prior to intervention activities (I – from 

interview, EQ- from electronic T/F quiz) 

Ideas used to explain ionisation energy after intervention activities (I – from interview, 

EQ- from electronic T/F quiz) 

Effect of intervention 

Non causal electrostatic ideas 

Causal electrostatic ideas 

Non causal  electrostatic ideas   

Causal electrostatic ideas 
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 only I
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Josephine  GC GC GC GC √ GC √ GC √   GC GC GC GC √ GC √ GC  √ RGC RGC 

Anna √ G GC AI AI √ AI  G  √ √ GC GC GC GC √ GC  G   N P 

Louise √ AI GC AI G √ AI √ GC   √ G GC G G √ G √ GC   NE P 

Ahmed √ G G G G √ G  M    GC AI G AI √ G √ G   P NE 

Mary  G G AI AI √ AI  GC √ √  GC GC GC G  G √ GC √ √ P P 

Karen  G G G G √ AI  G √   GC G GC GC √ G √ AI √ √ P P 
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Five of the six interviewed PSTs retain or improve the concepts that they use, compared to all 

six showing improvement, retaining or no change from their electronic voting data. The 

interviews were between a month and two months later than the interventions and thus one 

might expect a reduction in the long term retention of ideas used.  

 Limitations 

As with all convenience samples, its very nature means that it is not necessarily 

representative of wider pre-service chemistry teachers. Another issue is that the interview and 

electronic questionnaire responses given are a ‘snap shot’ which cannot be assumed to be 

representative of a pre-service teacher’s general thinking. In particular the interview data are 

formed from the meaning made from what was experienced and communicated in that 

interview context at that time.  

 

CONCLUSIONS AND IMPLICATIONS 

The number of positive effect changes in response to the electronic questionnaire indicates 

that these activities are effective in supporting the development of electrostatic principles 

applied to the atom in order to allow causal arguments to be used to explain trend in 

ionisation energy values. However for a small number of PSTs these interventions appear to 

have a negative effect.   

As teachers teach science as they understand it, they are likely to continue to pass on 

alternative and non causal electrostatic ideas to their pupils. The multiple effects of combined 

repulsion and attraction between electrons and nucleus in the atom examined here also result 

in chemical behaviours, and hence further clarification of these electrostatic principles as 

applied to the atom goes beyond this ionisation energy context and thus supports a deeper 

understanding more generally.  

It is clear therefore that pupils and their teachers need further support in modelling coulombs 

law with respect to the atom. A successful approach would include these aspects: 

a. Review  Coulomb’s law and how electron distribution is represented in different 

atomic models;  

b. Explicit application of these electrostatic principles (often already known) to the 

charge distribution due to electrons and nucleus in atoms. Demonstrations similar to 

that above showing the effect of repulsion between negative charges on the effective 

interaction between outermost negative charge and the positive one.  

c. Encouraging students to examine their atomic visualisations that they use forming 

explanations to ensure that they are able to appropriately model both repulsive and 

attractive characteristics. 
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THE DIFFICULTIES STUDENTS FACE IN 

PREDICTING THE OUTCOME OF AN EXPERIMENT  
 

 

Athanasios Velentzas, Krystallia Halkia 

School of Education, National and Kapodistrian University of Athens  

 

Abstract: The present study attempts to detect secondary education students’ mental 

processes when predicting the outcomes of Physics experiments in order to trace their 

difficulties in predicting the results of experiments. The research sample consisted of 

86 upper secondary-level students aged 16-17. Students had to predict the outcomes 

of three Physics experiments and also to analytically express on an answer sheet the 

“route” their thinking followed in reaching these outcomes. A qualitative content 

analysis of the answer sheets followed.  

The findings show that the “three I’s” (Intuition - Incompleteness – Irrelevancy) 

typology of cognitive erring-mechanisms in thought experimentation can describe the 

mental processes which lead students to fail when predicting the outcomes of Physics 

experiments. Specifically:  

- Intuition and everyday experience lead students to overlook or misrepresent school 

knowledge, 

- Students make incomplete assumptions. That is, they focus on only one parameter of 

the “problem” - the most obvious one - and overlook others which could be critical for 

predicting the outcome of an experiment. 

- Students use irrelevant attributes of materials or irrelevant physics laws to predict 

the outcomes of experiments. 

Keywords: students’ predictions, Physics experiments, secondary education, school 

lab work 

 

 

INTRODUCTION 

Practical work in the laboratory is of key importance in science instruction, since it 

promotes the learning of science content and processes, as well as increases 

understanding of the nature of science (Duit & Tesch 2010). However, while 

laboratory work promotes competences in the skills of gathering information and 

organizing observations, it has little effect on the acquisition of scientific knowledge 

(White 1996). According to Millar (2004), it is unlikely that students could grasp new 

scientific concepts or understand a theory as a result of any single practical task, 

however well designed. The understanding of concepts and principles does not 

“develop solely or predominantly from the experiment. The genesis of understanding 

science is a cyclical process linking experiment and theory as well” (Duit & Tesch 

2010, p.18). For this reason, students should have the opportunity to work “under 

adult guidance”, and thus the role of the teacher is important (Vygotsky 1978, p.86).  

If teachers aim to help students develop links between observations and ideas in an 

experiment, they should first introduce these ideas, and it is “important that they are 

‘in play’ during the practical activity” (Abrahams & Miller 2008).   
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A strategy which has been proposed to teach Physics by means of an experiment 

(White & Gunstone 1992) has three steps: Prediction –Observation – Explanation 

(POE). The present work is a pilot study limited to the first step of the above strategy 

and attempts to trace students’ difficulties in predicting the outcomes of experiments. 

In this step, it is crucial for students to “indicate both their prediction and the reasons 

they have to support the prediction” (White & Gunstone 1992, p. 46). Thus, the 

teacher would be aware of his/her students’ ideas and, in general, of their way of 

thinking in order to help them to develop links between observations and ideas.   

 

THE PREDICTION OF THE OUTCOME OF AN EXPERIMENT 

The experimenter, when predicting an experiment’s outcome, “performs” the 

experiment in his/her mind. Thus, we could suppose that the experimenter runs a kind 

of thought experiment in his/her mind. According to Nersessian (1993), a thought 

experiment, is a process of reasoning that “involves constructing and making 

inferences from a mental simulation”. The experimenter constructs a dynamical model 

in his/her mind, imagines a sequence of events and processes, and infers outcomes 

(Nersessian 1993). In such a process, the student is forced “to access tacit intuitions, 

explicit and implicit knowledge, and logical derivation strategies, and integrate these 

into one working thought process” (Reiner & Burko 2003). If we adopt this 

hypothesis, i.e. that the mental process when predicting a Physics experiment has 

many similarities with the mental process when “performing” a thought experiment, 

then the study of the factors that lead thought experiments to incorrect results could 

help in understanding the barriers involved when students are asked to predict the 

results of real experiments. By analyzing thought experiments proposed by well 

known scientists, Reiner and Burko (2003) conclude that there are three cognitive 

processes which may lead scientists to the wrong conclusion when performing TEs:  

(i) Intuition: Intuitive judgment and past general experience may lead the 

experimenter to override the conventional theoretical framework.  

(ii) Incompleteness: The omission of the set of assumptions concerning the imaginary 

world of a thought experiment may lead to erroneous conclusions.  

(iii) Irrelevancy: Irrelevant assumptions that were included in the features of the 

imaginary world in a thought experiment lead to logical conclusions that “may not be 

relevant for natural phenomena.”  

Similar cognitive processes “occur in naive physics learning” but naive learners 

“replace theoretical constructs with intuitive knowledge” and “this replacement may 

be much stronger for naive learners than for expert physicists” (Reiner and Burko 

2003). Indeed, students tend to use their own ordinary common sense ideas rather than 

any ideas from school science (Bliss 2008). Thus, “the three I’s” (Intuition - 

Incompleteness – Irrelevancy) “provide a typology of cognitive erring-mechanisms 

that can be used for predicting classes of errors in thought experiments, analysing 

naive learning processes, and developing learning environments” (Reiner and Burko 

2003).  In the present pilot study, an effort was made to use the “three I’s” typology to 

analyze students’ thinking processes when they predict the results of experiments. The 

findings of the pilot study helped in the design of student interviews for the main 

study which is in progress. A deeper understanding of the mental processes which 

take place in students’ minds when they attempt to predict the outcome of an 
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experiment could help in designing teaching plans aimed at developing links between 

practical work and school scientific knowledge.       

  

METHODS 

As mentioned above, the aim of present study is to detect secondary education 

students’ mental processes when predicting the outcomes of Physics experiments in 

order to trace their difficulties in predicting the results of experiments.  

Three Physics experiments were selected, according to the following criteria:   

(a) They refer to everyday phenomena because it is easier for students to express and 

explain their views about things they experience, in contrast to unfamiliar situations.  

(b) The necessary background knowledge for predicting the outcomes of these 

experiments had been previously taught to students. 

(c) Their outcomes contradict “common sense”.  

Students had to predict the outcomes of the three experiments and also to analytically 

express on an answer sheet the “route” their thinking followed in reaching these 

outcomes. Specifically, students were asked mentally to compare:  

- The value of the kinetic friction when a box moves onto a horizontal floor in two 

situations: firstly, with its greatest surface in contact with the floor, and secondly, with 

its smallest surface in contact with the floor (Figure 1 - Experiment 1).  

- The time in which an ice cube melts when it is covered by (i) woolen fabric and (ii) 

aluminum foil (Figure 1 - Experiment 2). 

- The time of the free fall (from the same height) of two bodies with different masses 

(Figure 1 - Experiment 3). Specifically, students had to predict the free fall of two 

similar bottles which contained water, one of which was full, while the other 

contained only a small quantity of water.  

The research sample consisted of 86 upper secondary-level students (aged 16-17) 

from a public school in Athens. A qualitative content analysis of the answer sheets 

followed.  

 

RESULTS 

The findings of the qualitative content analysis of the students’ answers are presented 

in Table1 and they are discussed in detail below. 

 

Experiment 1 Experiment 2 Experiment 3 

Figure 1. The sketches used in the answer sheets, copied from the book 

Διδάσκοντας Φυσικές Επιστήμες (Teaching Science) (Halkia 2012). 
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Table 1 

Students’ answers for each experiment. Number of students: 86 

Experiment 1: Kinetic friction. Number of students: 25  

Category Students Students’ views  

1.1 10 They claimed that the friction increases when the area of 

contact between surfaces increases because “the number of 

the points of contact between the surfaces” increases.  

1.2 3 They recognized inertia and not friction as the critical factor 

which prevents the box from sliding easily along the floor. 

1.3 3 They claimed that they did an experiment on the spot (by 

using their bag, a box or their sunglasses case) and they 

experienced more friction when there was more area of 

contact between the surfaces of the two bodies.   

1.4 5 They just declared (without any explanation or by recalling 

the relevant formula) that friction is independent of the area 

of contact between surfaces.  

1.5 2 They recalled the formula of kinetic friction but they said 

that the friction coefficient depends on the area of contact 

between surfaces. 

1.6 2 Vague answers  

Experiment 2:  Melting ice cubes. Number of students: 36 

Category Students Students’ views 

 2.1 25 They claimed that the ice cube covered by woolen fabric 

melts faster because the wool is hotter (or it “produces more 

heat”) than the aluminum foil.  

2.2 4 They recognized thickness or porosity as factors for thermal 

conductivity and not the kind of the material used  

2.3 4 They claimed that both ice cubes will melt simultaneously 

because the cover does not play a role.  

2.4 3 Vague answers 

Experiment 3:  Free fall.  Number of students: 25 

Category Students Students’ views  

3.1 14 They claimed that the heavier body falls faster because it is 

attracted with a greater force by the Earth.       

3.2 10 They claimed that the bodies fall simultaneously because “I 

know it from physics class” or “we perform the relevant 

experiment in physics class”. But, They do not give any 

further explanation.     

3.4 1 He claimed that the heavier body falls faster, since “I know 

that all bodies fall with g, but the air resistance on the heavier 

is smaller”.  

 

Strand 1 Learning science: Conceptual understanding

44



It seems that the “three I’s” typology can describe the mental processes the students 

follow when failing to predict the outcomes of the experiments. More analytically:  

Intuition 

Intuition and everyday experience lead students to overlook or misrepresent school 

knowledge. As the findings in Table 1 show students  

- assign incorrect attributes to materials. This confusion is due to the everyday uses 

of the materials and students’ sensory experiences regarding them. For example, a 

student (Experiment 2, category 2.1) wrote that “We use aluminum foil to maintain 

the temperature of foods, while we use woolen gloves to heat our hands”.    

- use school knowledge as décor and “pretext” in order to validate their intuition. 

Indeed, in some cases, students do recall their school knowledge, but they 

conveniently modify it to predict the outcome of the experiment in accordance with 

their intuitive knowledge. For example, while students (Experiment 1, category 1.5) 

recalled the mathematical formula of kinetic friction, they claimed that the friction 

coefficient depends on the area of contact between surfaces, so as to support their 

view that “more area of contact means more friction”. Also, in the cases of categories 

1.4 and 3.2, students answered correctly by mechanically recalling their school 

knowledge, but they could not support their predictions with meaningful explanations. 

- “see” what they intuitively believe. Indeed, in the case of category 1.3, students 

claimed that (in order to see if their spontaneous prediction was right) they actually 

had done a similar experiment and they had found an outcome that was compatible 

with their prediction! As White (1996 p.764) comments, “People holding different 

beliefs will see different things…”.  

 

Incompleteness 

Students make incomplete assumptions when they are called upon to predict 

phenomena. That is, students focus on one parameter of the “problem” - the most 

obvious one - and overlook others which could be critical for predicting the outcome 

of an experiment. For example, in the case of the Experiment 1 (category 1.1), 

students take into consideration that the increase of the area of contact between the 

surface of the box and the surface of the floor results in an increase of “the number of 

the points of contact between the surfaces”, but at the same time they overlook the 

decrease of the vertical (normal) force per unit of the area of contact. Also, students 

(category 3.1) take into consideration that “more mass means more force of gravity”, 

but they overlook the fact that more mass implies more inertia. It is worth mentioning 

that students who predicted that the body B falls faster than the body A (Figure 2) also 

claimed (Figure 3), that the two bodies travel equal distances per second. (This is a 

finding from student interviews which took place in the context of the next phase of 

the study, which is currently in progress.)    

 

 

 

 

 

Figure 2.  Free fall  
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Figure 3. Movement without friction 
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Irrelevancy 

Students use irrelevant attributes of materials or irrelevant physics laws to predict the 

outcomes of experiments (e.g. Experiment 2 - category 2.2 or Experiment 1 - category 

1.2). In this case, the outcome of an experiment can be predicted correctly, but the 

explanation is unacceptable because it is not generally applicable, i.e. it leads to 

incorrect results in other situations. For example, in category 1.2 the result cannot be 

predicted in the case where two bodies with different masses slide along different 

surfaces (i.e. if the lighter body slides along a rougher surface than the heavier one).   

 

DISCUSSION  

When predicting the outcome of an experiment, students mentally simulate a kind of 

experimental process. During the thought experimentation, students tend to use their 

intuition and experience rather than logical reasoning (Reiner & Gilbert 2000). This is 

the main factor - as the present study shows – which lead students to fail in predicting 

the outcomes of the experiments and to justify their prediction. Specifically, the 

findings of this study show that students, when predicting the outcomes of the 

experiments assign incorrect attributes to materials, make incomplete or irrelevant 

assumptions and basically use their intuition and everyday experience and not their 

school knowledge. Also, it is worth mentioning that the students who correctly 

predicted the result of an experiment by recalling the corresponding school knowledge 

did not use a “meaning making” explanation. According to Hodson (1996), the basis 

of a prediction is “some good understanding of the phenomenon or event under 

consideration” and he suggests that “without theoretical understanding, predictions 

are no more than ‘blind guesses’, and there is little of educational value in 

encouraging children to make those”. 

As the findings show, it is not easy for students to correlate their everyday experience 

with scientific knowledge, and in this direction the contribution of the teacher is 

decisive (Bruner 1985). According to Abrahams and Millar (2008), teachers should 

devote a greater proportion of the lesson time to helping students use ideas associated 

with the phenomena they have produced, rather than seeing the successful production 

of the phenomenon as an end in itself. Hodson (1996) proposes a three-phase 

approach for school science: modeling (the teacher presents this phase) – guided 

practice (students work under their teacher’s guidance) – application (students work 

independently of their teacher). Thus, the teacher should have a key role in practical 

work which, apart from the designing of the “practical” performance of an 

experiment, should involve the construction of an explanatory schema for helping 

students to integrate the empirical data to a conceptual context compatible with the 

scientific one. Such a schema could include:          

(1) A model of the experimental apparatus. The teacher should provide an as simple as 

possible representation of the “experimental devices” for two main reasons. First, to 

reduce the “noise” in order to help students focus on the problem itself. For example, 

in experiment 3, it would have been better to have used compact cubes than bottles 

because some students integrated in their explanation the water or the air that were 

contained in the bottles (e.g. “the one bottle contains more air and it may delay the 

fall”). Second, to make it easy for students to quantitatively manipulate the parameters 

of the problem. For example, students can easily mentally construct bodies of twice or 

three times mass by using similar compact cubes.  
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(2) Prerequisite prοpositions relative to the attributes of the model’s elements, the 

relations and laws concerning the phenomenon and the possible effect of the external 

factors. The findings of the present study show that students (when predicting the 

result of an experiment) assign incorrect attributes to materials and make incomplete 

or irrelevant assumptions. Thus, it is crucial for learning by doing that the teacher and 

students have classroom discussions to identify the propositions which are needed for 

the prediction of the behavior of the physical system being studied.  

(3) A process of logical reasoning. Students discuss the evolution of the phenomenon 

based on the prerequisite propositions, and the teacher intervenes when it is needed.  

(4) Conclusion. Students formulate their conclusions.  

An example of an explanation schema (as a basis for a teaching plan) is proposed in 

Table 2. The proposed schema is going to be implemented in the next phase of our 

work, which is currently in progress. 

Table 2 

Explanation schema for the experiment of kinetic friction 

Question Does the kinetic friction depend on the area of contact between the 

surface of a body and the surface of the floor?  

Model Five similar compact wooden cubes, A, B, C, D and E. The body BC 

consists of the two cubes B and C glued together and the body DE 

consists of the two cubes D and E glued together (Figure 4). 

Prerequisite 

propositions 

 

Attributes:  

(1) BC and DE are identical.  

(2) All the surfaces of the cubes are identical.   

(3) Weight BC or Weight DE = 2 · Weight A   

Relations / Laws: 

(4) Friction depends upon the nature of the surfaces in contact.   

(5) Friction is proportional to the normal force; thus friction is 

proportional to the weight of the body (because the floor is horizontal).  

External factors: 

(6) The resistance of the air is negligible. 

(7) Experimental errors are not taken into consideration.   

Process of 

logical 

reasoning 

(a) Since the area of contact between the surface of body A and the 

surface of the floor and between the surface of body BC and the surface 

of the floor are the same, according to (2), (3), (4), (5), we conclude 

that Friction BC = 2 · Friction A.  

(b) D and A are identical, thus Friction D = Friction A 

(c) E and A are identical, thus Friction E = Friction A 

(d) From (b) and (c) we conclude that Friction DE = 2 · Friction A  

(e) From (a) and (d) we conclude that Friction DE = Friction BC  

Conclusion From (1) and (e), we conclude that friction is independent of the area of 

contact between the surface of a body and the surface of the floor.  
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Abstract: If a good story and a well-formed argument are considered different natural 
kinds, there does not seem to be much hope for narrative structures in a formal theory. 
However, when we apply cognitive linguistics to recent theories of continuum thermo-
dynamics, a different picture emerges. We can show that the concepts of continuum 
physics are embodied and result from our figurative mind operating on experiences of 
nature. A basic structure of experience is the gestalt of forces—causative powerful phe-
nomena ranging from music to justice to electricity and heat. Humans have developed 
narrative approaches to understand such phenomena.  

In this paper, I will show that image schematic structures, metaphoric projections, and 
an extended model of narrative apply to the cognitive structure of continuum physics. 
Since the use of natural language in continuum physics literature is fairly limited, I will 
apply cognitive schematic analyses to the equations and make the results transparent by 
introducing visual schemas and metaphors for the concepts. The gestalt of forces such 
as fluids or heat is structured in terms of three main aspects. The three basic schemas 
that are projected metaphorically are those of quality (intensity), quantity (object, fluid 
substance), and force or power.  

In a continuum model of thermal conduction, the law of balance of entropy is analogous 
to that of chemical substance or electric charge. Add to this the meaning of temperature 
as a (vertical) scale and the relation of temperature and entropy to the power of heat and 
you end up with a minimal Cognitive Model of heat as a powerful agent. Agents are 
perfect elements of narrative. Therefore, a narrative approach to science is not limited to 
humans acting in the endeavor of science. The most formal theories of continuum 
physics tell stories of forces of nature—they are narratives. 
 

Keywords: thermodynamics, dynamical theory of heat, temperature, caloric, entropy, 
energy, figurative structures, forces of nature, image schemas, metaphor, visual 
metaphor, narrative and story. 
 

 

INTRODUCTION 
If we accept Bruner’s (1987) dictum that “a good story and a well-formed argument are 
different natural kinds,” there does not seem to be much hope for finding narrative 
structures in a theory as formal and mathematically demanding as continuum physics 
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(Truesdell and Toupin, 1960; Truedell and Noll, 1965). However, when we apply mod-
ern cognitive science and cognitive linguistics (Johnson, 1987; Lakoff, 1987; Lakoff 
and Johnson, 1999; Evans and Green, 2005; Tucker, 2007) to recently developed theo-
ries of continuum thermodynamics (Fuchs, 2010; Müller, 1985; Truesdell, 1984), a 
different picture emerges. We can show that the fundamental concepts of continuum 
physics are embodied and result from our figurative mind operating on experiences of 
nature. A basic structure of experience is the gestalt of forces where the term force is 
used to denote any type of causative powerful phenomenon ranging from music to 
justice to electricity and heat (Fuchs, 2006, 2011). Since humans have developed narra-
tive approaches to talk about and understand such phenomena (Fuchs, 2013c) it does 
not seem far-fetched to propose that story and continuum physics are related natural 
kinds. Indeed, the conceptual structure of continuum physics is narrative at its roots. 
The main result presented in this paper is the demonstration of the narrative structure of 
a particular product of formal science—namely, continuum thermodynamics. This leads 
to the claim that we can use stories and narrative not only about science (the context of 
science, Klassen, 2006); or for communication in the classroom (Kubli, 2001); or for 
historical aspects of nature such as evolution (Norris et al., 2005). Rather, we can tell 
stories that correspond to models produced in formal science. Therefore, stories appear 
in a new light: they are instruments of good teaching and good learning in and of 
science (Fuchs, 2013a-c). 
To prepare the ground for the present discussion, I will briefly introduce some impor-
tant sources pertaining to cognitive science and cognitive linguistics (Section 2.1), the 
application of narrative in science (Section 2.2) and modern continuum thermodynamics 
(as a branch of continuum physics, Section 2.3). In Section 3, I will demonstrate the fig-
ures of mind from which thermodynamics and analogous theories of continuum physics 
are created. Finally, possible consequences for science learning will be discussed in 
Section 4.1 

 

BACKGROUND 
In this paper, I will make use of research and development in cognitive linguistics, the 
use of narrative in science, and a modern dynamical theory of heat. To prepare the 
reader for the contribution made in this paper (Section 3), some aspects of these devel-
opments will be presented in the present section. 

Cognitive Linguistics and the Model of the Embodied Mind 
In the last three decades, we have witnessed an interesting development in the sciences 
of the human mind away from dualistic and computational approaches to a philosophy 
of the embodiment of mind. Today, we understand at least to some extent how the mind 
is a product of the interaction of an organism (body and brain) with its physical and 
social worlds (Dewey, 1925; Gibson, 1966; Maturana and Varela, 1987 [1998]; Pfeifer 
and Bongard, 2007; Tucker, 2007; Chemero, 2009). This notion has been supported by 
various strands of research ranging from philosophy, anthropology and biology, through 
robotics and cognitive linguistics (for the latter, see Lakoff and Johnson, 1999; Evans 
and Green, 2005). Lately, it has been taken up as a paradigm for education (see for 
example the Symposium on Conceptual Metaphor and Embodied Cognition in Science 
Learning; ESERA Conference, 2-7 September 2013, Nicosia, Cyprus). 
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Early cognitive linguistics has been instrumental in making us aware of the ubiquity of 
force dynamic schemas (Talmy, 2000) and conceptual metaphor (Lakoff and Johnson, 
1980) in language, and by extension, in the human mind. Johnson (1987) and Lakoff 
(1987) introduced the notion of image schemas that proved to be an important concept 
for later applications of linguistics in cognitive science.2 Image schemas are recurring 
patterns in our mind of sensorimotor experience; they are relatively small-scale percep-
tual gestalts. They become patterns of understanding and thinking through the process 
of metaphoric projection (or parable, see Turner, 1996).  
Metaphors, and systems of metaphors, created in this manner, are conceptual structures 
rather than embellishments or purely rhetoric elements of language. When speaking of 
metaphors (at least in the conceptual metaphor theory of cognitive linguistics), it is 
important to distinguish between three different uses of the word metaphor: (1) Special 
linguistic metaphoric expressions (such as those found in the right column of Table 1), 
(2) metaphors proper (left column in Table 1) which constitute a conceptual structure (a 
gestalt), and (3) metaphor as the process of metaphoric projection (from a source to a 
target domain), i.e., a gestalt-structuring process (Taverniers, 2002) that creates a 
metaphor according to the second (proper) sense. 

An important extension of cognitive linguistics has been made by Fauconnier and 
Turner (2002) in their theory of blending (conceptual integration) that shows how on-
line creation of figurative structures (metaphors, analogies, or generally, blends) are 
formed. 

Cognitive linguistics has found its way into science education research in general 
(Amin, 2009) or in special applications (Amin, 2001; Hestenes, 2006; Fuchs, 2006; 
Brookes and Etkina, 2007; Amin et al. 2012; Scherr et at., 2012; Jeppsson et al., 2013). 
In general, detailed investigations of linguistic expressions by students and laypersons 
demonstrate what we have long known from teaching and research into alternate con-
ceptions or misconceptions but they cast the question of how humans understand nature 
in a new light. Many of the instances of misconceptions actually turn out to be valid 
embodied conceptualizations of the world around us and as such can lead to a reeval-
uation of approaches to science education. This paper is an example of this statement. 

Narratology and Narrative in Science 
The study of myth, story, and narrative is as important for understanding the human 
mind as is cognitive linguistics. Research in this vast field spans centuries and has 
accelerated in recent times (for myth, see Kirk, 1970, Nixon, 2010; for stories see 
Mandler, 1984, Egan, 1986, Bruner, 1987; for narratology in general see Ricoeur, 1984-
1988, Herman, 2013). Despite their importance as a figure of mind, and despite all the 
interest they have generated among educators, a detailed and general model of stories is 
missing. We know that stories have their own structure (we may speak of a story sche-
ma or a narrative structure; Mandler, 1984; Bruner, 1987; but note that story structure 
in western societies is quite different from that of Native Americans; St. Clair, 2003). 
Also, we count myths as examples of stories, but we still cannot quite agree upon the 
question of what myths are and what their origins and uses are (Kirk, 1970; Nixon, 
2010). For our purpose here, let me consider stories the explanatory narration of events 
and actions unfolding over time—meaning the narration of relatively large-scale phe-
nomena (Fuchs, 2013c). 
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The story of the typical application of narrative theory to science education is told fairly 
quickly. There is an excellent summary of the dominant model of storytelling and nar-
rative in science in the paper of Norris et al. (2005). The dichotomy between narrative 
and paradigmatic understanding expressed by Bruner (1987) has led most researchers to 
restrict their view to affective aspects of stories (Klassen, 2005; Kubli, 2001). Stories 
are used to talk about science (the context and history of science, the life of scientists) 
and to create an affectively positive environment for teaching science. The basic as-
sumption in this dominant model is that the products of science—models and theories—
cannot have a narrative structure even though a large body of research shows how 
scientists and children use metaphor and analogy to create and/or understand nature and 
science (Gentner and Gentner, 1983; Gentner et al., 1997). In the end, science and nar-
rative are two different natural kinds (Bruner, 1987). 
A more far ranging application of narrative understanding of science (narrative expla-
nation) has been discussed by Norris et al. (2005). If science deals with singular, non-
recurring events (such as a meteorite hitting our planet and wiping out the dinosaurs) or 
historical aspects of nature (biological evolution or evolution of the universe, for exam-
ple), narrative explanation and corresponding understanding may be of great impor-
tance. 
There is a third use of narrative in the sciences as I will demonstrate in this paper. Ther-
modynamics as an example of modern continuum physics is built upon figurative struc-
tures that, in their entirety, create a narrative environment. A model of this environment 
of figurative structures has been presented in Fuchs (2013c). 

Continuum Thermodynamics and the Rediscovery of Caloric 
Traditional thermodynamics is well known for its arcane and hard to understand struc-
ture. Physicists commonly try to give the unusual aspects of this theory (unusual as 
compared to any other physical theory, see Fuchs, 2010: Introduction) a positive twist 
by claiming how its universality (its system and material independent aspects) makes it 
a wonderful product of the human mind that will surely never have to be changed even 
in the face of revolutions in other fields of physics. However, all we have gotten is a 
formal theory limited to static conditions (Callen, 1985, p. 26)—something that would 
be unacceptable in any other field of physics. 
Continuum thermodynamics—as a branch of continuum physics—does away with this 
restriction (Truesdell, 1984; Müller, 1985; Jou et al., 1996; Fuchs, 2010). Thermodyna-
mics becomes an example of the spatially continuous dynamical models of macroscopic 
physical and chemical sciences—it becomes analogous to theories of fluids and electri-
city. As such, it can be analyzed using the same figurative structures that also apply to 
the other fields. This is what I will do below. 
The modern structure of thermodynamics has made another development possible. It 
has become clear that Sadi Carnot’s (1824) analogy of heat engines and waterfalls is a 
fruitful tool for reevaluating the figures of mind applied to this science. Calendar (1911) 
and Job (1972) have pointed out that Carnot’s caloric (suitably extended by the assump-
tion that caloric is created in irreversible processes) fits the formal concept of entropy. 
Based on this observation, Fuchs (2010) has created a version of modern continuum 
thermodynamics that makes direct use of figurative and narrative elements, and Mares 
et al. (2008) have argued for the explicit reintroduction of the caloric theory. 
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FIGURATIVE STRUCTURES IN THERMODYNAMICS 
In this section, I will show that the language of force dynamics (Talmy, 2000), image 
schematic structures (Johnson, 1987; Hampe, 2005), and metaphoric projections 
(Lakoff and Johnson, 1980) apply to the cognitive structure of continuum physics in 
general and thermodynamics in particular. Since the use of natural language in continu-
um physics literature is fairly limited, I will apply cognitive semantic analyses to the 
equations and make the results transparent by introducing visual schemas and meta-
phors for the concepts found in these mathematical texts. [In the following, terms that 
correspond to schemas or metaphors will be shown in small caps.] 

Take, for example, the continuum model of thermal conduction (Müller, 1985; Jou and 
Casas-Vasquez, 1988; Fuchs, 2010, Chapter 13) and compare it to the diffusive trans-
port of a chemical substance. The law of balance of caloric (entropy) is perfectly anal-
ogous to that of chemical substance or electric charge (having terms for storage, flow, 
and production of a fluid substance; in the case of charge, the production term is miss-
ing).  

In Fig. 1, we see the figurative elements that constitute the concept of balance of exten-
sive quantities. A SUBSTANCE (chemical or caloric) can be stored—there is a term show-
ing how fast the stored quantity (expressed by its density) in a CONTAINER changes (note 
the schema of CHANGE). The changes come about because of FLOW into or out of the 
container, and because of production (CREATION or destruction) of the substance—there 
are terms quantifying these PROCESSES in the equations of balance. 

 

 
 

Figure 1. Basic figurative elements visible in the equations of balance of amount of 
substance and caloric (an explanation is given in the text). 
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If we ask how flow and production come about, we immediately introduce drives, i.e., 
potential differences that derive from the notion of a POLARITY associated with a partic-
ular phenomenon (HOT-COLD for thermal, chemically WEAK-STRONG for chemical pro-
cesses). The continuum equation for a (conductive) flow of caloric, for example, makes 
use of the schema of VERTICALITY—a fluid substance flows from higher to lower points 
in a landscape (Fig. 2). There are circumstances that control the flow—OBSTRUCT it or 
ENABLE it (in the equations, these are quantified by the conductivities). 

 

 
 

Figure 2. Equations and images for flow in continuum models of the transport of caloric 
and chemical substances (an explanation is given in the text). 
 

The figures of mind do not stop here. An analysis of energy relations in a continuum 
model of the flow of caloric shows how the notion of POWER applies to thermal proc-
esses (Fig. 3; not all aspects of the derivation are given here; for more information, see 
Fuchs, 2010).  

Take the equation of balance of energy for the conduction of caloric (first equation in 
Fig. 3), use the relation between a flow of energy and caloric (second equation; energy 
is carried along by caloric with a load factor equal to the local temperature), and insert 
all of this in the equation of balance of caloric (third equation). We obtain an equation 
for the spatial change of the energy flow that can be interpreted with the help of a visual 
metaphor (the box with arrows, lines, and levels). The visual metaphor makes use of the 
image schemas introduced before. Caloric flows from a higher to a lower point thereby 
RELEASING (making available) energy at a rate equal to the product of the flow and the 
change of temperature along its PATH. The second term on the right of the resulting 
equation shows what the energy released is used for: it is needed to produce caloric at a 
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rate dependent upon the local temperature (this is the general expression showing the 
relation between dissipation and entropy production rates). In summary, the explanation 
is the same given by Sadi Carnot for the operation of heat engines. Caloric falls from a 
higher to a lower temperature thereby making energy available (Sadi Carnot’s La puis-
sance du feu). 

 

 
Figure 3. The origin and form of the notion of power in continuum thermodynamics (an 
explanation is given in the text). 

 
What I have done here is demonstrate the elements of the model of forces of nature 
(Fuchs, 2006, 2011, 2013c). The gestalt of a force is characterized by three main sche-
mas (size or QUANTITY, INTENSITY or quality, and force or POWER). Constitutive rela-
tions for capacitance, resistance, or induction,3 and derived relations, make use of 
further schemas such as CONTAINER, PATH, LETTING and OBSTRUCTING, INERTIA, and 
BALANCE. 
In summary, the figurative structures introduced so far add up to a number of metaphors 
such as HEAT IS A FLUID SUBSTANCE, TEMPERATURE IS THE MEASURE OF VERTICAL 
LEVELS IN A THERMAL LANDSCAPE, HEAT IS A POWERFUL AGENT, etc.. Note that these 
metaphors give rise to both linguistic and visual (graphical) instances.  

In this view, heat is a force in the same category as music, justice, water, wind, light, 
and many more. [Music has been described as, but not named, a force by Johnson 
(2007, Chapter 11). There he shows how our understanding of music is characterized by 
three sets of metaphors: MOVING MUSIC METAPHOR, MUSICAL LANDSCAPE METAPHOR, 
MUSIC AS A MOVING FORCE METAPHOR. These three metaphors correspond to the ones 
for quantity of fluid substance, vertical level in a landscape, and power used in my ac-
count of forces of nature.] A minimal Cognitive Model visualizing the linguistic struc-
ture inherent in the equations of the dynamical continuum model of heat in conduction 
is shown in Fig. 4. 
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Figure 4. Minimal Cognitive Model of heat. The visual metaphor shows storage, flow, 
production, and power of heat such as in thermal conduction, cooling and heating. 
 

A NARRATIVE APPROACH TO SCIENCE PEDAGOGY 

Finally, we should ask how the figurative structures present in our scientific models of 
continuum thermodynamic processes add up to stories, i.e., to the larger scale narrative 
structures. The short answer is that the gestalt of forces leads to the notion of (powerful) 
agents. Agents are perfect elements of narrative and they fit into the general story sche-
ma (Mandler, 1984; Fuchs, 2012). This is how we end up with narrative structures in 
the example of science I have discussed here. 

The longer answer has been given in Fuchs (2013c). Image schemas and the metaphori-
cal projections, forces and agents, stories and collages (collections) of stories make up a 
vast network of figurative structures of the human mind. In a feedback model of the 
interaction of such a mind with the worlds of (physical and other) phenomena and lin-
guistic products, forces and stories occupy a privileged center in human understanding 
of nature. 

In this model, the scientific structures of concepts, models, and theories correspond to 
metaphors, stories, and collages of stories, respectively. Most important for a possible 
narrative approach to science pedagogy is the correspondence between (scientific) 
models and stories. We can cast important models of continuum physics and chemistry 
in the form of stories. Such stories can be heavy on affective elements and light on the 
logic of the characters of forces of nature; in such a form they are perfect tools for pri-
mary science (Corni, 2013; Corni et al., 2012, 2013). Or they can be light on affective 
aspects and strong on the more formal elements of the forces as when we introduce 
more advanced students to a field and its models. For the older students, stories can turn 
into more formal narratives that include elements of science we normally term non-
narrative.  

 

SUMMARY 
In this paper, I have discussed the conjecture that the conceptual elements of our most 
formal products of science (such as continuum physics) are constructed from the figures 
of an embodied mind. Physics is not the direct representation of an outer world in our 
minds but rather the representation of our imagination working upon this outer world. If 
we take the results of cognitive linguistic analyses of the products of science as a clear 
sign of their figurative nature, we are led to conclude that scientific models are narrative 
at their core. 
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This opens up a new avenue for the study of narrative in science. We are no longer lim-
ited to applying narrative to the context or history of science (stories about science) or 
to stories of the history of nature. We can now construct stories of the products of 
science, i.e., of the models constructed in science. Such stories are useful for primary 
science as well as for more advanced approaches. In the case of primary science, stories 
of forces of nature prove to be an invaluable tool for educating and motivating teachers 
and for introducing children to the workings of nature reflected in a world of imagina-
tion (Egan, 2013). In more advanced science, they show teachers that natural language 
and narrative forms may be tools for better understanding of an often arcane subject of 
study. 
 

NOTES 
1. There is a second important consequence of the discovery of the figurative roots 

of thermodynamics in particular—not for teaching per se but for the structure 
adopted for the formal theory. The study of the human mind shows that we can 
make use of a different conceptualization than the one afforded by the traditional 
approach of thermodynamics. The structure of the traditional theory of thermo-
dynamics is a twisted version of the gestalt of forces of nature (quantity and 
power of the gestalt are identified rather than differentiated leading to an identi-
fication of heat with energy). Based upon linguistic and cognitive analysis, we 
can show that a more direct approach to thermal phenomena is possible and 
leads to a dynamical theory of heat rather than a theory of the statics of heat 
(Fuchs, 2010). These forms of the theory of thermodynamics demonstrate how 
the quantity of heat corresponds to caloric or entropy, making possible a direct 
caloric approach to thermal phenomena (Mares, 2008) and thermal design 
optimization in engineering (Bejan, 1996). 

2. Talmy’s (2000) force dynamic schemas are basically image schemas appearing 
in the long list of basic schemas that have since been identified (Hampe, 2005). 

3. Thermal induction (inertia) has been introduced by Jou and Casas-Vázqzez 
(1988), Fuchs (2010, Chapter 13) and is a general element of extended irrever-
sible thermodynamics (Müller, 1985; Jou et al., 1996). 
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TALKING ABOUT ELECTRICITY: THE IMPORTANCE OF 

HEARING GESTURES AS WELL AS WORDS 

 
Carol Callinan 

Bishop Grosseteste University 

 

Abstract:Children’s gestures have been proposed to contain important cues and clues to their 

underlying science ideas that may not be revealed in speech or written language. New and 

innovative research has begun to explore the way that these gestures can be used to inform on 

how children’s ideas for science concepts change both within and between age groups. Such 

research is firmly embedded in the constructivist perspective which maintains the view that 

children will have formed early representations of scientific phenomena in order to 

understand the world around them (Driver et al, 1994). The resulting ‘alternative 

frameworks’ are subject to change when children begin to learn science formally in school 

(Driver & Bell, 1986). An immense body of research has aimed to identify and understand 

the underlying mechanisms that support such conceptual change dynamics (Vosniadou, 

2008); however, the precise nature of these changes is still uncertain. Typically conceptual 

change literature accesses children’s knowledge largely through verbal reports gained during 

individual interviews or task-based activities (for example, Primary SPACE Projects, 1990-

1994). Whilst these approaches have been successful in revealing what children know this 

bias towards language and linguistic capabilities at the expense of other forms of 

communication may prevent a comprehensive understanding of knowledge growth 

particularly if children are not able to clearly or fully articulate their ideas (Goldin-Meadows, 

2000). This presentation discusses a recent study which aimed to explore the gestures that 

children used during discussions of their ideas about electricity and revealed that these 

gestures can be categorised according to their content (Callinan & Sharp, 2011) and that the 

content of children’s gestures can reveal elements of the children’s knowledge that is not 

verbalised in their speech.   

Keywords: Learning in Science, Constructivism, Conceptual Change, Multimodal Research, 

Gesture 

 

INTRODUCTION 

Constructivism has perhaps been one of the most influential contemporary approaches to 

understanding how children come to learn science in school classrooms.  According to the 

constructivist perspective children will have used their previous experiences to have formed 

some representations of many of the phenomena studied in school science (Driver, Asoko, 

Leach, Mortimer & Scott, 1994).  In her influential work Driver proposed that these initial 

representations take the form of ‘alternative frameworks’. Fundamentally these ‘alternative 

frameworks’ provide children with explanatory scope and contain conceptual understanding 

that frequently contrasts with scientific explanations of the same phenomena, as such, they 

are subject to change when children begin their formal science education (Driver & Easley, 
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1978; Driver & Bell, 1986).  Research investigating learning from this perspective has led to 

the development of a number of explanatory models identifying underlying mechanisms that 

support such ‘conceptual changes’ (for example Vosniadou & Brewer, 1987; diSessa, 1988; 

Karmilloff-Smith, 1996, Sharp & Kuerbis, 2006, summaries in Vosniadou 2008; Limon & 

Mason, 2002).  These models range in their depth and scope with some placing a high 

emphasis on purely cognitive processes (Rumelhart & Norman, 1978; Posner, Strike, Hewson 

& Gertzog, 1982) whilst others attribute a strong role to motivational and affective factors 

(Pintrich, Marx & Boyle, 1993, Dole & Sinatra, 1998).  In addition, research associated with 

these individual models of conceptual change focus on single areas of scientific phenomena.  

Vosniadou’s weak and radical restructuring for example draws the majority of its evidence 

from astronomy teaching (Vosniadou & Brewer, 1987).  Biology concepts are the focus of 

Carey’s (1985) weak and strong restructuring model.  And the development of ideas of force 

studied in physics is the focus of diSessa’s fragmentation theory (1988).  Models also 

frequently lack consistency between the ages of participants recruited, notably diSessa’s 

original contributions came from college students whereas Vosnidou’s research recruited 

school age children.  One criticism that is more fundamental originates from the lack of 

consensus regarding the level of mental representation studied.  In some cases the aim is to 

study individual concepts and in others mental models which result from theory structures are 

utilised.  Taken as a whole, this diversity of subjects studied restricts comparison and 

evaluation of models across scientific domains and prevents the models being evaluated for 

their utility in informing teaching across scientific curricula. A fundamental part of the 

current project was to address these criticisms by closely studying the development of 

children’s ideas about electricity, however, the focus of this paper is not on the evaluation of 

the models of change but on the importance that can be attached to different response types 

that children use when discussing their ideas. 

 

Contemporary literature typically approaches the assessment of conceptual knowledge 

through verbal reports that are accessed through interviews or task-based activities (Osborne 

& Freyberg, 1985; Primary Space Projects, 1990/1994).  This approach has been highly 

successful for mapping children’s ideas for a range of science topic areas. One criticism has 

been the bias towards language and linguistic capabilities which may prevent a 

comprehensive understanding of children’s knowledge particularly if children are not able to 

clearly or fully articulate what they know (Goldin-Meadows, 2000).  In order to overcome 

this potential bias, the work presented here investigates the development of scientific ideas 

and concepts from a multimodal perspective.  The multimodal approach to understanding 

children’s learning is developing rapidly.  Initial findings from wider research adopting this 

approach have demonstrated that children utilise a number of different expressive modes 

these modes include verbal dialogue, written pieces, drawings and other expressive art forms 

and non-verbal communication such as gesture, eye gaze and body posture during learning 

(Kress et al, 2001).  Whilst Kress et al’s research focused on how different modes of activity 

support children’s acquisition of concepts in science other researchers (for example Goldin-

Meadows, 2000) have investigated the role that non-verbal language such as gesture has in 

revealing children’s existing conceptual knowledge. Crowder and Newman’s (1993) study 

investigated the gesture and speech of thirteen children who were learning the science 

concepts associated with seasonal change.  The results revealed that some gestures were 

‘redundant’, others served to enhance the ideas expressed through speech, and in some cases 

gestures served as carriers of scientific meaning that was not present in language.  This led 

Crowder and Newman to conclude that “as long as ideas outstrip scientific vocabulary, one 

can expect to see gestures used by elementary science students to carry unstated ideas” 

(p.176).  Further support for the importance of studying gesture can also be drawn from the 
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work of Roth and Lawless (2002), this study highlighted how gestures can contain important 

information about children’s ideas that is not contained in speech during discussions of 

knowledge. In a summary paper that drew on a body of research investigating different areas 

of children’s problem solving ability Goldin-Meadows et al (1993) suggested that stability 

between speech and gesture characterise a stable understanding of a concept, mismatch 

between the two elements characterises the time in which children are moving between 

conceptual understandings.  It was argued that the “gesture-speech mismatch signals to the 

social world that an individual is in a transitional knowledge state” (Goldin-Meadows et al, 

1993, p.279). This was a particularly attractive idea for the work undertaken and presented 

here as it highlights a window of opportunity through which it may be possible to capture the 

processes of conceptual change as it actually occurs.   

 

Children’s Ideas about Electricity 

Children’s ideas about electricity has been a well-studied concept area (Osborne, 1981, 1983; 

Solomon, 1985; Cosgrove & Osborne, 1985; Bell, 1991; Osborne et al, 1991; Shaffer & 

McDermott, 1992; McDermott & Shaffer, 1992; Fleer, 1994; Cosgrove, 1995; Koumaras, 

Kariotoglou & Psillos, 1997; Kelly, Druker & Chen, 1998; Psillos, 1998; Summers, Kruger & 

Mant, 1998; Borges & Gilbert, 1999; Mulhall, McKittrick & Gunstone, 2001; Clement & 

Steinberg, 2002; Sjøberg, 2002; Chiu & Lin, 2005, Finkelstein, 2005; Taber, de Trafford & 

Quail, 2006; Lee, 2007; Michelet, Adam & Luengo, 2007; Tsai et al, 2007; Glauert, 2009). 

However, at the time that this work was undertaken there was little evidence of such a study 

adopting the multimodal research approach. Studies of children’s ideas about electricity 

typically elicit children’s ideas and code their responses thematically in order to capture the 

underlying frameworks of understanding applied. Many studies then compared within and 

between the different age groups in order to consider how ideas may have changed over time.  

The results of this body of work appeared to suggest broadly similar outcomes for different 

age groups and studies have explored children’s ideas in a range of different countries 

including the UK, mainland Europe and New Zealand. For example, three typical studies 

include Shipstone (1985), Osborne et al (1991) and Borges and Gilbert (1999) are briefly 

reviewed here. 

 

According to Shipstone (1985), five models of understanding were evident in the responses 

of children between 12 and 17 years of age: 

 

 a unipolar model – no current returns to the battery; 
 a clashing currents model – current flows to the bulb from both terminals of the 

battery; 
 an attenuation model – current flows around a circuit in only one direction and is used 

up in the bulb; 
 a sharing model – where there is a series circuit the current is shared between the 

components; 
 a scientific model – where there is an understanding that current travels in one 

direction through a circuit and is conserved. 
  

In his summary of findings, Shipstone suggested that the younger children were more likely 

to discuss their ideas of electricity with reference to the unipolar and the clashing currents 

models but the prevalence of these models dropped as children got older. Notably in this 
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work, it was indicated that 60% of the 17 year olds involved used a scientific model but this 

figure fell to less than 10% of the 12 year olds.  

 

Osborne et al (1991) explored ideas about electricity with children between the ages of 5 and 

11 years. They also explored ideas about conductivity. Interestingly, the results also revealed 

interesting findings regarding the children’s drawings of simple circuits. These are 

summarised as follows: 

 

 a single connection – where children drew in one wire to connect the battery to the 

bulb; 
 2 battery connections, 1 device connection – where children drew in two connections 

at the battery but failed to acknowledge that the wires needed to connect to separate 

points on the bulb; 
 2 battery connections, 2 device connections – where children used the correct number 

of connections at both the battery and bulb but these were in the wrong place; 
 2 correct connections shown – where the children places the wires appropriately; 
 no response – where the children failed to respond to the drawing tasks. 

 

Borges and Gilbert’s study (1999) aimed to expand on the models of understanding that had 

been identified by earlier work by involving older participants including professionals (e.g. 

electricians).  As might have been anticipated, outcomes included presentation of electricity 

as moving charges and electricity as a field phenomenon. 

 

These studies underpinned the work undertaken in this project. 

 

RATIONALE 

The whole research project specifically investigated the following research questions: 

 

 does a multimodal analysis of verbal and non-verbal communication facilitate an 

understanding of children’s ideas in science? 
 can such analyses be utilised in order to explore and contribute to an understanding of 

the dynamics of conceptual change? 
 do outcomes from the work in this thesis have any classroom application? 

 

These research questions did perhaps also propose an overarching question regarding whether 

or not it is possible to apply a multimodal research lens to the issue of conceptual change in 

science education. This paper, however, attends to the types of gestures that children used 

when discussing their ideas about electricity, typical gestures produced during discussions 

and what importance was attached to understanding these in order to fully appreciate children 

ideas holistically. 

 

METHOD 

 
The research presented here utilised a cross-sectional design by studying the scientific ideas 

and concepts of three groups of children aged seven, eleven and fourteen years in English 

Primary and Secondary schools.  A total of 101 children took part in the study, the children 
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were distributed as follows across the three age groups; 34 aged seven, 44 aged eleven and 15 

aged fourteen. All of the children participating in the study completed practical science 

activities in electricity. The practical activities were designed to elicit children’s ideas by 

probing understanding as they completed familiar tasks (for example, the construction of 

simple circuits) whilst subsequent tasks were designed to challenge existing ideas (for 

example, an analogy of electron movement in a simple circuit using ‘smarties’).  These 

activities permitted the analysis of both existing ideas and concepts and the opportunity to 

observe the outcome when concepts begin to change or are challenged.  

 

The science activities took place in small groups (approximately five children of the same age 

in each group).  The activities were highly contextualised to the concepts studied, interactive 

and dialogic in nature and included protocols from participant observation and interview 

based methodologies.  Each practical science activity lasted approximately one hour.  All 

were audio-video recorded in order to capture events fully and to obtain gesture in 

transmission.   

In order to explore the potential role of each response type the transcription and the 

subsequent analysis focused on the modes and areas shown in Figure 1. 

 

Figure 1: The different levels of comparison and analysis explored in the study. 

Transcripts coded both verbal and non-verbal responses collected during the beginning and 

the end of each of the sessions, in addition three group studies (one from each age group of 

children studied) was fully transcribed for subsequent analysis.  Analyses of the data included 

both within and between age group comparisons for children’s ideas and concepts related to 

each of the science topics.  Verbal and non-verbal data were interpreted using a content 

analysis approach and analysed in order to capture matches and mismatches between the two 

forms of communication. 

 

RESULTS 

The results drawn from the study are discussed here in terms of the types of gestures that 

children used when discussing their ideas about electricity, the typical gestures that children 

produced and the importance that may be attached to these in terms of revealing aspects of 

children’s ideas that may not be contained in other response types. The overall results 
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regarding the frameworks of understanding that the children used and applied during the 

activities was largely congruent with the previous research of Shipstone (1985), Osborne et al 

(1991) and Borges and Gilbert (1999). For example, the older children demonstrated the 

more scientific ideas about electricity while the younger children frequently discussed 

electricity in terms of its purpose. What were particularly interesting were the gestures that 

the children during their discussion and the way that these could reveal ideas that were not 

contained in any other response type (e.g. verbal language, written responses or drawings). 

 

Types of Gestures that Children Used 

The gestures that the children produced when discussing their ideas about electricity were 

transcribed and analysed for their content. The results to this analysis revealed that the 

children used five different categories of gestures, these categories were consistent with the 

previous work of Callinan and Sharp (2011) which showed that children use both scientific 

and social gestures (see Figure 2 for full details on the five categories). 

Scientific gestures contained information about the ideas that children had, whilst social 

gestures were informative about the social aspects related to learning (for example how peer 

support was elicited when discussing ideas). It is proposed that both are important if we are to 

understand children's ideas holistically.  

Examples of gestures that the children produced included, Mike in Year 2 boy who used a 

referential gesture to add to his discussion of his circuit drawing. As he discussed the content 

of his drawing he pointed to where he thought a bulb holder should appear, it was possible to 

have a clearer understanding of what he thought should be included in the drawing and where 

by attending to this gesture. Rachel a Year 6 child's responses showed that in her speech she 

described electricity using its function (e.g. that it powers things), however, her 

representational gesture (a circular motion drawn with her hand) demonstrated that she also 

had an awareness that electricity flowed through the circuit too, the gesture also showed how 

she thought that this occurred. Expressive gestures were used by the children in order to show 

the values such as the strength of responses, for example, how the light from a bulb would 

appear. In one example, a Year 2 child, Selena, used just such a gesture in order to show how 

she thought the light would behave once she had completed her circuit, her repeated hand 

movements were used to reflect the intensity of the light that she expected to see once her 

circuit was complete. 
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Scientific Gestures 

 

 

Type of Gesture 

 

 

Definition 

 

Example Photograph 

 

Referential 

Pointing to objects, pictures or 

people in order to complete / 

extend discussions of ideas 

 
 

Representational 

Acting out the behaviour of 

objects, people or events in order to 

show how something works or 

happened 
 

 

Expressive 

Using the hands to represent values 

such as the strength of responses in 

objects, people or events in order to 

show how they think they work 
 

 

Thinking 

Including finger drumming, head 

holding, face and hair stroking – 

used when considering how to 

respond to a question, problem or 

situation 
 

 

Interpersonal Gestures 

 

 

Type of Gesture 

 

 

Definition 

 

Example Photograph 

 

Social 

Eye contact, body movement, 

touching or nudging others – used 

to elicit a response from other 

members of a group 
 

Figure 2: The five categories of gesture that children use when discussing their science ideas 

(Callinan & Sharp, 2011). 

Typical Gestures Produced 

During the electricity tasks the children across all three age groups used representational 

gestures in order to draw out paths showing how they thought the electricity moved in a 

circuit (Figure 3). As shown in Figure 3 the children either used their fingers to trace a path 

above the circuits, their whole hands or in some cases both hands to draw paths that followed 

the wires in the circuits that they had built. These gestures, considered representational 

because it is proposed that these were used to show how the electricity moved in the circuit, 

were particularly useful in this context for revealing the underlying models about electricity 

that the children held. For example, some children stopped the gesture once they reached the 

bulb, whilst other continued the gesture back to battery, on other occasions children drew out 

continuous circuits representing that they believed that the electricity did not stop it just 
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continued to ‘flow’. In addition to the representational gestures children frequently use 

referential gestures to point to objects during their discussions, often without naming the 

referent object and as such the gestures formed an important aspect of their communication 

about ideas. Thinking gestures were used by some children in order to indicate that they were 

considering their responses, these gestures took many forms and included finger tapping and 

hair stroking. 

Social gestures were also used during some discussions in order to elicit ideas from other 

members of the groups or to clarify whether there was agreement for the ideas being 

discussed. These gestures were interesting because on some occasions these resulted in 

children stopping their discussions and waiting for other group members to complete or 

complement what they had said. 

 

Figure 3: Typical representational gestures that occurred across the three age groups of 

children during their discussion about circuits. The gestures represented the ways that the 

children thought the electricity moved through the circuit. 

 

Frequency of gestures for electricity 

The prevalence of the five categories of gesture is show in Table 1. The analysis revealed that 

within the context of the electricity activity referential and representational gestures were 

used the most frequently across all of the age groups of the children. However, there was also 

evidence of expressive, thinking and social gestures occurring within the context of these 

activities even though these gestures occurred less frequently. 

When exploring the differences between the age groups it appeared that the Year 2 children 

used the most referential gestures in their discussion, frequently these included pointing to 

objects rather than naming them. The same age group also used representational gestures 

frequently, these tended to be when the children used their hands to act out or represent 

objects or actions. Such use of representational gestures may have occurred because of the 

complexity of the language required to explain some aspects of their understanding of 

electricity.  The Year 6 children used representational gestures more frequently than any 

other age group and any other form of gesture. As with the Year 2 children these gestures 

often comprised of the children using their hands to represent objects or actions. This age 

group also appeared to use social gestures more frequently, and although this may have been 

a feature specific to this group of children the social gestures were often used in order to offer 

support to each other. Finally, the Year 9 children most frequently used referential gestures, 
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including pointing. As with the Year 2 children, these gestures often referred to objects that 

the children did not name.  

Table 1 

The number of gestures used by the different age groups of children during their discussions 

about electricity. 

 

What Gestures Add 

The results to the analyses undertaken in this work revealed that children used gestures in a 

number of ways. Interestingly, and in contrast to Crowder and Newman’s (1993) work, none 

of the children taking part in the activities used redundant gestures All gestures appeared to 

either compliment the content of the verbal and written responses or contain important 

conceptual information that was not included in the other response types. For example, some 

children would discuss how electricity moved in a circuit and then accompany this discussion 

with the representational gestures discussed in the previous section. These gestures were 

fundamental for revealing the underlying frameworks of understanding about electricity that 

the children had. In the example shown in Figure 4 below the gestures were fundamental for 

highlighting that once the task changed (e.g. the number of bulbs included in the circuit) the 

mental models used to explain how the electricity would travel were also revised. 

Interestingly, the verbal response produced by Daniel in Year 6 (the child wearing the blue 

top in Figure 4) remained the same on both occasions; he simply stated that the electricity 

‘goes like that’. However, his gesture changed from a single handed representational gesture 

that traced a clockwise path around the circuit to a two handed representational gesture where 

both hands traced opposing paths beginning at the battery and ending at the bulbs. These 

gestures revealed the application of two different models about electricity, therefore, this and 

other examples of this type of response collected during this work helped to illustrate the 

importance of attending to gesture in order to fully understand the ideas that children had. 

 

Figure 4: Daniel’s representational gestures which reveal his underlying ideas about 

electricity moves in a circuit with one bulb and with two. 
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Application in Context  

It is proposed that the results to the analysis undertaken here have application for teaching 

and learning, assessment, curriculum development and teacher training. Importantly, in many 

teaching environments the importance of gesture is overlooked, perhaps due to time 

constraints and other demands when working with larger groups of children, and as is shown 

in this study important clues and cues to children’s ideas can be contained within these. With 

reference back to the constructivist literature Ausubel (1978) highlighted the vulnerability of 

verbal responses when accessed in order to explore the development of children’s conceptual 

ideas. Notably Ausubel et al (1978;102) stated that: 

 

“Since there is often a time lag between the correction of misconceptions and the  

revision of language usage, it cannot be assumed that conceptual confusion 

 necessarily exists in all instances where words are used inappropriately.”  

 

This important discussion highlighted a fundamental critique of the traditional approaches 

that had been used to measure children’s knowledge and indeed can be seen as a criticism of 

many current teaching and learning and assessment practices. Ausubel further proposed that 

language alone as a medium may not be enough if researchers and teachers are to understand 

fully the ideas that children have.  

 

“Prior to being verbalised, new concept meanings also typically exist for a short 

while on a subverbal level – even in sophisticated older learners.” (p.105) 

 

Such a notion is particular resonant with the work in this paper which adopted the principles 

of multimodality, e.g. that knowledge can be held and indeed demonstrated in a range of 

ways including through gesture. Importantly, language may not always be the best medium to 

assess conceptual ideas.  

 

 

CONCLUSIONS 

 
The results to the work undertaken here support the notion that a multimodal analysis of 

children’s ideas adds positively to the existing body of literature which aims to provide an 

understanding of children’s ideas for different science concepts. Gestures can contain 

additional conceptual information that is not contained in any other response type such as 

verbal or written responses and drawings and this can help researchers and indeed teachers to 

appreciate, interpret and understand the ideas that children have for different science concept 

areas. The analyses undertaken in this project also highlight that the social gestures that 

children use can be particularly revealing about the impact that peers can have on children’s 

knowledge growth, the way that concepts are negotiated when undertaking collaborative 

work and the information that children are comfortable with revealing when their ideas are 

probed in a group context. It is suggested that future research should aim to incorporate such 

detailed analyses of gesture in order to provide a holistic overview of children’s ideas. It is 

argued that gestures illuminate meaning and reduce ambiguity associated with other response 

types such as language. Gestures are a useful form of non-verbal communication particularly 

when language is under-developed. 
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Abstract: This paper focuses on young children’s initial ideas about science prior to any 

teaching and discusses teachers’ identification of these ‘preconceptions’ when teaching 

science in the early years. The research focuses on early-years teaching in public and 

private kindergartens in Cyprus with children aged from 3-5 ½ years-old. The area of 

children’s misconceptions has been extensively investigated by other researchers in the 

past. However, research focusing on children’s preconceptions and how teachers work 

with these is still limited, especially within Cypriot context. This paper is aligned with a 

constructivist theoretical framework and defines preconceptions as children’s concepts 

prior to formal education. The aim is to explore teachers’ identification of children’s 

preconceptions when planning and teaching early years science. An overarching case 

study of approach was chosen for the methodology which facilitated in-depth 

investigation employing different methods of data collection including questionnaires, 

interviews and observations. The results indicate that teachers tend to avoid identification 

of children’s preconceptions when planning and teaching science. This indicates that 

there is a lack of appreciation of the children’s preconceptions and the consequences 

when they are not acknowledged. This observation was even more reinforced based on 

the teacher’s responses during the interviews. The study also identifies that there is a need 

for specific training and professional development in relation to the teaching of early-

years science. To help teachers respond to children’s preconceptions, the study developed 

a list of children’s common preconceptions to facilitate teachers’ preparation when 

teaching the ‘Water Cycle’. A number of different suggestions are also provided, to 

support teachers when identifying and acknowledging children’s preconceptions.  

 

Keywords: Early years science, Children’s conceptions, Pedagogy, Practice, Conceptual 

development 

 

INTRODUCTION 

This paper derives from the data collected during the main author’s doctoral study 

which explored Cypriot early years teaching of Science and the appreciation of young 

children’s preconceptions. One specific axis of the thesis referred to the identification 

of children’s preconception, by early years teachers, before and during teaching. 

The science education community accepts the idea that children enter the classroom 

having already developed an understanding of the world around them and how it 

works (Henriques, 2002). This is due to everyday activities which enable science 

learning even before entering education (Bradley, 1996; Allen, 2010). Differences 

occur when children attend kindergarten and meet science as organised knowledge 

instead of unstructured activities. As a result we need to start by acknowledging that, 

by the time that children enter formal educational setting, each one of them has 
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established concepts which are often inconsistently applied and remarkably resistant 

to change (Black & Lucas, 1993). Investigating children’s preconceptions is necessary 

to provide guidance for teachers working with children in the early years and who are, 

as a result, dealing with children’s initial concepts.  

 

THEORETICAL BACKGROUND 

Children’s concepts are formed as the result of previous experiences with young 

children’s scientific learning occurring in varied environments (Bradley, 1996). Guest 

(2003) suggests children can be influenced by folklore or the media. Children’s 

understanding of science is acquired by physically using scientific principles in play 

long before formal education (Bradley, 1996). As a result, from a very young age the 

children’s physical and social experiences through their personal exploration develop 

their scientific understanding about the world around them (Johnston, 2005).  

This study is based on a constructivist view of learning. The opinion that 

‘...knowledge is not transmitted directly from one knower to another, but is actively 

built up by the learner’ (Driver et al, 1994, p5) is shared by different research 

traditions in science education (Allen, 2010; Johnston, 2005; Harlen & Qualter, 

2004). The central idea is that children’s learning is constructed by building new 

knowledge upon the foundation of previous learning. Knowledge is constructed by 

building new understandings on previous conceptions and, if the previous conceptions 

are incorrect, the impact on learning is detrimental.   

Developing children’s understanding in science needs to start from their existing 

concepts. If learning is based on prior knowledge, then teachers must know what that 

is and any preconceptions to provide learning environments for development from 

learners' current understandings accommodating new experiences (Guest, 2003; 

Harlen & Qualter, 2004).  

 

Table 1 

Terminology of preconceptions and alternative concepts for this study  

 Preconceptions Alternative concepts 

Age range From birth – 7 years old 8+ years old and adults 

Learners’ Education Limited or no exposure to 

science teaching 

Repeated exposure to 

science teaching 

Characteristics Resistant to change Resistant to change 

 

The above table explains the terminology used for this study. As shown, for the 

purpose of this study the term ‘preconceptions’ is used to describe young children’s 

scientific concepts which differ from conventional scientific explanations or 

classifications and which have most likely been developed autonomously through 

experience and before exposure to formal educational models or theories. Children’s 

preconceptions are considered to be part of children’s early years education. On the 

other hand, ‘alternative concepts’ will be used to refer to older children’s and adults 

(including teachers’) concepts that differ from those accepted by the scientific 
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community. This study suggests that the term misconceptions (despite its common 

use) should be avoided due to the negative connotation that the word carries.  

The early years science teacher  

Choosing to ignore children’s preconceptions with the hope that someday they will 

overcome them on their own is inappropriate (Schmidt, 1997). Teachers need to aim 

to re-shape children’s preconceptions into coherent concepts (Pine et al, 2001). As 

they suggest, “when teachers are better informed about the types of false beliefs that 

children are likely to hold they will be quicker and better at identifying them, at 

helping children call them to mind and make them explicit and at incorporating them 

into the process of conceptual change” (ibid, p.93). However, even teachers that 

believe to the obstacles caused by preconceptions when teaching choose to ignore 

them instead of dealing with them (ibid). This is perhaps because teachers do not have 

enough time to detect children’s preconceptions and are therefore often forced to 

assume a certain base level of students’ knowledge (Chen, Kirkby and Morin, 2006). 

However, if children’s preconceptions are known, then teachers can plan lessons to 

re-shape them into correct concepts (Schmidt, 1997). Children’s concepts should not 

be ignored; they actually ought to be part of the teaching content. Identifying them 

can then lead to providing opportunities for children to “experience phenomena which 

run counter to their conceptions for the purpose of inducing conceptual change” 

(Valanides, 2000, p362).  

Teachers often declare that they worry about their content knowledge saying that they 

do not “know enough”; teachers seem to have interrelated this impression with the 

notion that teaching is about having all the answers to children’s questions (Russell 

and Watt, 1992). Conversely, in practice it is very difficult for a teacher to always be 

able to provide an answer to all the questions that children might raise (at least a 

correct answer). Nonetheless, in many cases doing so would be considered 

inappropriate. Providing children with facts that do not relate to their own experiences 

and thinking can prevent children from asking further questions; that is because they 

will most probably feel that it is difficult to comprehend the answers given to them 

(Russell and Watt, 1992).  

School science though should be about providing answers to all questions that 

children have. It should be about reaching possible conclusions by exploring 

relationships and explanations between ideas and events. It should be about 

constructing knowledge and understanding (Devereux, 2000). It should essentially be 

about thinking critically, testing ideas and proposing new theories and new questions 

(Devereux, 2000). It is thought that several teaching-learning problems can be 

resolved by encouraging children to actively engage in communication rather than 

passive children who just sit, listen and respond when the teacher calls upon them 

(Valanides, 2000). 

Children mature at different rates and their pre-school experiences vary. Therefore in 

order to help children develop their ideas and conceptual understandings it is essential 

to provide opportunities to make links between their own ideas and other alternatives 

(Russell and Watt, 1992). Making predictions, gathering evidence through 

observations and suggesting explanations based on their own interpretations of 

information could be opportunities to help children link their knowledge. In this way 

children will be assisted in developing scientific ideas which will make sense and will 

be connected to their everyday lives (Russell and Watt, 1992). 
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However, we must be careful and not to rush children from one experience to another 

because they will have little opportunity to “try out their developing ideas and build 

upon existing ones” (Johnston, 2005, p3). It is important to remember that early years 

children learn through trial and error and this takes time and patience (Johnston, 

2005). Dewey proposed this and recognized that children learn best when offered 

varied activities because they have different types of intelligence and learning needs 

(Johnston, 2005).  

Russell and Watt (1992) argued that the teacher’s role in science teaching is to help 

children develop their understanding starting from ideas that they already have 

through investigations of topics, discussions, explorations of children’s ideas and 

experiences. Tirosh (2000) suggested that teacher education programs should 

familiarize teachers with children’s common misconceptions and the effects on their 

learning as this would assist them with their teaching. It is also important for teachers 

to clarify their own understanding of science and use it in their work in order to be 

comfortable and teach with confidence (Johnston and Gray, 1999). Consequently the 

teacher’s role can be complicated and very demanding. 

As a result, the main questions under investigation for this study were the following 

ones:  

• Do early years teachers identify children’s preconceptions, and if yes, how?  

• Do teachers acknowledge children’s preconceptions when planning or 

teaching a science lesson?  

This paper addresses the questions above by exploring and identifying how early 

years teachers in Cyprus respond to children’s preconceptions when teaching science. 

 

THE STUDY 

The specific study has characteristics from both exploratory and explanatory case 

studies. That is because it not only aims to describe what happens in an early years 

classroom during a science lesson but it also aims to understand the teachers 

participating and how each one of them deals with children’s preconceptions. Thus, 

this research considered that the use of different kinds of methods would promote the 

collection of different kinds of data that can help answer the research questions. The 

research design is based on the opinion that better understanding of the whole can be 

gained by focusing on a key part (Gerring, 2007). As Robson (2002) explains, a case 

study includes the development of detailed, intensive knowledge about a single ‘case’ 

or a number of small related cases. In other words, a case study is an intensive study 

of a specific individual or specific context. For instance, Freud developed case studies 

of several individuals as the basis for the theory of psychoanalysis and Piaget did case 

studies of children to study developmental phases (Trochim, 2006).   

Thus, a two-phase mixed-method case study was designed and implemented, where 

qualitative data were used to help explain initial quantitative results (Punch, 2009). 

The first phase included the collection of quantitative data through use of 

questionnaires and the second the collection of qualitative data through use of 

observations, interviews, focus groups and document analysis. The results based on 

the first quantitative phase guided the selection of a sub-sample for the follow up in-

depth qualitative investigation in the second phase. The instruments used provided 
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qualitative and quantitative data and opportunities for triangulation; data were merged 

in this manner to address the research questions.  

The first phase of data collection gathered quantitative data collected through the use 

of questionnaire and qualitative data collected with the use of key informants’ 

interviews. Both these techniques were used in order to provide a general view and 

collect information in regards to population’s characteristics.  

The second phase engages research methods selected from the qualitative field. 

Specifically, observations, interviews, focus groups were used. The data collected 

using the above instruments was then analyzed in order to understand the participants’ 

experiences, ideas, thoughts and views.  

In addition, the research design included a selection of a number of members of the 

population as representatives of the whole. This helped to get information from a 

larger population at minimal cost, maximum speed, at increased accuracy and using 

enhanced tools (Merriam, 1998). The selected members are called the ‘research 

sample’. Based on the research design for this study, the sample for the questionnaire 

was selected first and the questionnaire results guided the selection of a sub-sample to 

follow up in depth qualitative investigation. Figure 1 below demonstrates how the 

samples for the observations, the interviews and the focus groups were selected based 

on the questionnaire and the key informants’ interviews results.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The sample and subsample for this study 
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Public University of 
Cyprus 
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Private University/ 
Collage in Cyprus 

Other University 
Abroad 

Graduating Institution and Science Background 

As shown above, the questionnaire results indicated that the target population is 

mostly consisted by white female teachers who have either graduated from the 

Pedagogical Academy or from the University of Cyprus. Thus, the sub-sample for the 

second phase of data collection was selected aiming to keep these characteristics of 

the population. For this reason, the probability stratified sampling method was used, 

as the questionnaire results suggested that the answers to the research questions would 

likely vary among sub-groups. This method facilitated dividing the population into 

two different strata: one with teachers who have graduated from the Pedagogical 

Academy and one with teachers who have graduated from the University of Cyprus.  

As a result, a sample was taken from each stratum.  Specifically, from the one 

hundred fifty teachers that the questionnaire was sent to, five white female early years 

teachers were selected to be observed, three of them had graduated from the 

Pedagogical Academy and two of them from the University of Cyprus. Ten early 

years teachers were selected to be interviewed, five of them had graduated from the 

Pedagogical Academy and five from the University of Cyprus and six more early 

years teachers were selected to participate in the focus groups, five of them were 

white females and one of them was a white male. Three of the focus groups 

participants had graduated from the Pedagogical Academy and two from the 

University of Cyprus and one for the University of Athens. All participants were, 

working at governmental early years’ schools at the time, with a mean of 9.4 years of 

working experience and with a mean of 22 children in their classes. 

 

DATA ANALYSIS AND RESULTS 

The analysis of the data helped to create a better understanding of the population of in 

service early year teachers. The following chart shows (figure 2) that a total of 27, 6 

% of the population completed their studies at the ‘University of Cyprus’ (the only 

public university in Cyprus) and 38, 1% studied at a private university or collage in 

Cyprus. A further 23, 8% completed their training at the Pedagogical Academy and 

only 10, 5% said that they completed their studies at a University in Greece or abroad. 

It is worth mentioning that the Pedagogical Academy was the former teaching training 

institution which was closed down due to the establishment of the University of 

Cyprus which admitted its first students in 1992. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Teachers’ Training Institution   
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The questionnaires’ analysis also revealed that a percentage of 87, 6% teachers did 

not study science as one of their main subjects in highschool. Only 12, 4 % of the in 

service teachers that teach science today studied science during highschool. This issue 

might raise questions about the implications that it might have when discussing 

teachers’ subject knowledge. In addition, it seems that most of the in service early 

years’, 28, 6%, have been working from two (2) to five (5) years whereas 9, 5% had 

only one (1) year of teaching experience.  

Finally, the questionnaires’ analysis showed that 20% had between six (6) to ten (10) 

years of teaching experience and 21, 9% of them had from eleven (11) to twenty (20) 

years of experience. A final 20% of them had twenty one (21) years of teaching 

experience or more.  However, when comparing private to public schools it seems 

that the mean of teaching experience for public schools’ is higher than the private’s 

one. This suggests that the early years’ teachers working in private schools might be 

younger and with less years of teaching experience that the ones working in public 

schools.  

Identification of children’s preconceptions  

The first research question to be addressed and discussed will be the one concerning 

teachers’ identification of the children’s preconceptions. To address this question, we 

need to triangulate the results deriving from the key informants’ interviews, the face 

to face interviews, the focus groups and the observations. Based on the key 

informants’ responses, teachers did not tend to identify the children’s preconceptions. 

The key informants suggest that this might occur because teachers do not believe that 

it is worth identifying the children’s preconceptions and also because most of them do 

not have the necessary skills. As Mr Tom specifically stated “I do not think that early-

years’ teachers identify the children’s preconceptions because they do not think that it 

is important to do so and some early-years teachers do not even know what 

preconceptions are or how to identify them”. Back in 1984, Happs reported that few 

teachers disagree that to address preconceptions they first need to identify them. The 

data from this study suggest that only a few teachers in Cyprus actually do something 

to identify the children’s preconceptions, even if they recognise the importance of 

actually identifying the children’s preconceptions. During the lesson observations, 

only one teacher included an activity with which to attempt to identify the children’s 

preconceptions in her lesson.  

The issue is that, if a lesson begins with the teacher ignoring the children’s prior 

knowledge and preconceptions it is very likely that the children will misunderstand or 

make erroneous links between their preconceptions with the new knowledge, and as a 

result they will end up with an alternative framework. This is supported by 

Hanuscin’s (2007) declaration that an alternative framework can arise when an 

existing preconception and a new concept get mixed up. However, the above could be 

avoided if teachers included activities at the beginning of the lesson which would 

elicit identification of the children’s preconceptions.  

Since teachers recognised the importance of identifying the children’s preconceptions, 

a possible explanation of why teachers do not tend to identify the children’s 

preconceptions is because they do not have the skills required (they do not know how) 

since most of them were not trained to do this. Another possible explanation could be 

linked to the issues Chen, Kirkby and Morin reported in 2006, that teachers do not 
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usually have the time to identify the children’s preconceptions and, thus they assume 

a certain base level of students’ knowledge. This was also supported by Amy, who 

was one of the teachers, who said that “We often assume a certain basis of knowledge 

for all children and suppose that children know something when they actually do not.” 

Rachel, another teacher, added that “We can identify which children have problems, 

but we have trouble dealing with these specific children individually because we do 

not have enough time.” Thus, it is possible that the pressure that teachers feel because 

of the many topics that they want to cover in a small period of time affects the 

children’s learning of science negatively. A third teacher, Sigrid, agreed that the time 

pressure that teachers feel is not helpful and that a lot of time is wasted on school 

celebrations and when children should be doing their lessons, they do rehearsals, 

instead.  

Acknowledging preconceptions when planning and teaching science  

Firstly, it is worth noting that it is more appropriate to identify children’s 

preconceptions at the beginning of a science lesson to then be able to acknowledge 

them and establish the lesson on the preconceptions that the children will express. 

Only then will teachers be able to actually guide and help the children correct and 

overcome their preconceptions. One of the teachers, Monica, stated that ‘It is very 

important for a teacher to be aware of the preconceptions students have because when 

children have preconceptions, it is more difficult for them to understand the correct 

concept and they cannot follow the lesson’. Thus, identifying preconceptions in the 

middle or at the end of the lesson would be more helpful for evaluation and but would 

not allow establishing the lesson based on the children’s preconceptions. However, 

based on the observations, the only teacher who identified the children’s 

preconceptions at the beginning of the lesson was Amy, and did so with the use of a 

brainstorming activity. 

The majority of the teachers (80%) stated that they are aware of the importance of 

identifying the children’s preconceptions; however teachers were not always able to 

explain why appreciating ‘preconceptions’ is important. As a result, teachers may 

believe that they recognise the importance of the children’s preconceptions when they 

actually do not. The main reason for teachers to identify the children’s preconceptions 

should be the fact that preconceptions can affect the children’s learning negatively. 

This happens because preconceptions can make it more difficult for children to 

accept, learn and remember the correct and new concepts presented and this is 

supported by the work of Stepans (1994) and Stepans and Kuehn (1995). Teachers, 

however, did not mention these obstacles created by preconceptions and thus they 

tend to avoid identifying or decide that it is not necessary to acknowledge and 

consider the children’s preconceptions prior or during instruction. This however, can 

affect the children’s learning who will not be able to achieve the learning objectives 

and the lesson will fail to match the children’s developmental learning address or 

remediate the children’s preconceptions.  

There was one teacher in the sample who supported the opinion that preconceptions 

do not affect the children’s learning. Specifically, Anna stated that: “A child with a 

preconception will learn just like the rest of the class. The preconception will not 

affect the child’s learning procedure”. This specific teacher may be an isolated 

incident; on the other hand, when considering the observations’ results and the fact 

that only one teacher did actually identify the children’s preconceptions, one can 

presume that more teachers might share Anna’s opinion but did not express it during 
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the interviews. This should worry researchers, teachers, university lecturers, experts 

and people who are interested in early years’ education since it suggests that teachers 

need to be better informed about preconceptions and the disadvantages, the obstacles 

and the difficulties that they can have; teachers must recognise and understand the 

necessity to train to identify the children’s preconceptions prior to instruction.  

In addition, a few teachers disagreed during the interviews that to acknowledge and 

address preconceptions, they first need to identify them, something which was also 

convincingly argued by Happs (1984). Yet data collected recently suggest only few 

teachers in Cyprus actually identify preconceptions (Valanides, 2000) even if they 

recognize the importance of identification. As it has already been said, only one 

teacher observed incorporated an activity which aimed to identify the children’s 

preconceptions in their lesson. If lessons ignore children’s prior knowledge and 

preconceptions, it is likely children will misunderstand or make erroneous links 

between their preconceptions and new knowledge resulting in new preconceptions. 

Hanuscin (2007) agrees suggesting a new preconception can arise when a pre-existing 

preconception and a new concept get mixed up.  

One possible explanation of why teachers do not identify preconceptions is the lack of 

required skills which is possibly connected to a lack of science education prior to 

teacher training. Another possible explanation is linked to Chen, Kirkby and Morin 

(2006) who reported teachers do not have time to identify the children’s 

preconceptions and therefore assume a certain base level of students’ knowledge. One 

interviewee said “Teachers often assume a certain basis of knowledge for all children 

and suppose that children know something when they actually do not.”  

The main reason for teachers to identify preconceptions should be that preconceptions 

can affect the children’s learning negatively making it more difficult for them to 

accept, learn and remember correct and new concepts, as supported by Stepans (1994) 

and Stepans and Kuehn (1995). Teachers, however, do not acknowledge obstacles 

created by preconceptions and avoid or decide there is no necessity to acknowledge 

and consider preconceptions during instruction.  

Careful planning and preparation can assist more effective science lessons with the 

use of a range of methods to identify preconceptions. Classroom discussion using 

open questions can be useful for sharing ideas and identifying preconceptions while 

allowing children to think about their concepts and share them with others in pairs or 

a group giving everyone a chance to talk (Russell & Watt, 1992; Wallace, 2002).  

Advise for teachers on how to identify children’s preconceptions  

Some ideas for activities that teachers can use to identify the children’s 

preconceptions before the beginning of a science lesson are presented here. Similar to 

Amy, teachers can also use brainstorming activities which enable children to freely 

share their concepts. A practical way to identify the children’s preconceptions is with 

the use of open-ended questions that will start a conversation about the topic being 

taught. Children can also express their concepts easily when they are shown pictures 

related to the topic being taught; teachers can ask open-ended questions to give the 

children the opportunity to express what they believe, in order to identify what 

preconceptions children have. For example, teachers can use questions like: ‘What do 

you think that this picture shows?’, ‘What do you know about this?’, ‘What more 

would you like to learn about this?’ Open-ended questions will help to initiate a 

conversation that will enable teachers to identify the children’s preconceptions.  
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The children’s drawings are also helpful because they can be used to identify what 

children believe or know. Drawings can also be used as a diagnostic or final activity 

in a lesson to find out what children have learned. Of course, it is not enough to let 

children draw; it would be more helpful to also ask children to give an explanation of 

what they are drawing. For example, two teachers, Mary and Sigrid, included an 

activity like this at the end of their lesson and I grabbed the opportunity to go around 

and ask the children to explain their drawings (after kindly requesting for the 

teachers’ permission). Some children were kind enough to let me take a photo of their 

drawing and two of them which are quite representative are shown below.  

  

 

 

 

 

 

 

Figure 3. Examples of children’s drawings of the ‘Water Cycle’  

 

The children were asked to explain their drawings and the first child, who drew the 

picture on the left, said: “I drew the sea and the sky and the cycle. The Sun heats the 

water drops because they are sad and the Sun is helping them to find their way to the 

cloud. When a lot of water will get in the cloud, it will become fat and it will start 

crying.” The child that drew the picture on the right said: “I drew a tree, a flower and 

a cloud that is raining. The rain drops go to the ground, to the sea and to the Sun. The 

Sun heats the rain drops and makes the water cycle and rain drops go to the clouds 

with the Sun. The Sun makes the water cycle in the sky.” Based on the children’s 

answers, I realised that three out of the four children that I talked to were not able to 

explain the ‘Water Cycle’ phenomenon despite the fact that they were able to draw a 

picture about it. This demonstrates the importance of talking to children and not just 

asking them to draw a picture without discussing it with them. Particularly, when 

working with young children, the narrative that goes alongside the drawings, allows 

the teacher to increase access to the children’s thinking.  

Another way to see if children have any preconceptions is to present them with 

common preconceptions that occur and relate to a specific topic or pictures and 

observe how children will react and what they will say (for example will they accept 

the preconceptions presented?). Thus, it would be helpful for teachers to be aware of 

what preconceptions children usually have in regard to the topics being taught in 

early-years’ science or even have a list of them. Word walls is another good way to 

help children express their concepts and remember key points of the lesson; according 

to Jackson, Tripp and Cox (2011) interactive word walls provide an overview of the 

lesson and children can help to provide this overview by expressing their concepts. 

Teachers need to remember that they should make children feel comfortable and safe 

to express their concepts without pointing out who is right and who is wrong. 
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CONCLUSION 

The case study described leads to a number of interesting suggestions that could 

increase the quality of teaching early years Natural Sciences and also gives some 

general implications to teachers and policy makers. First of all, the results of the study 

stress the importance of the teachers’ role. It seems that the fact that children end up 

with alternative frameworks may mainly arise from their educators’ actions. This 

includes the lesson and activity planning, the classroom organization and environment 

and the educators’ subject knowledge and behavior in general. Children’s experiences 

and thoughts depend a lot on their teachers’ actions and beliefs as young children 

spend a lot of time with their early years teachers. Children usually tend to imitate 

their teachers and for them teachers act as role models. Thus, the teachers’ behavior 

and attitude towards science will affect children’s attitude towards science to a 

significant degree (Johnston, 2005). 

Additionally, this case study reveals the importance of the role that preconceptions 

have when it comes to children’s learning and the acquisition of new concepts. 

Teachers should keep this in mind when planning a lesson and when teaching a new 

scientific concept since it is important to dedicate time to find out what 

preconceptions children have before teaching a new topic. This is essential not only 

for teachers but also for policy makers and educational leaders that need to consider 

this when developing and evaluating the national curriculum and also when deciding 

the amount and subjects of the different topics that teachers have to teach during an 

academic year. As a consequence, a suggestion for early years teachers and educators 

in general would be to act very carefully and select the correct teaching methods, and 

suitable activities, equipment and materials based on the children’s needs and 

interests. In addition, teachers should plan their lessons and activities with care and 

then take into account the children’s preconceptions while they should also use their 

own behavior and excitement to encourage the children’s participation and knowledge 

construction. 

Another suggestion for policy makers and educational leaders would be to ensure that 

early years teachers have studied some science and have an adequate scientific 

background before beginning their career as teachers. For example, students intending 

to study early years teaching could be examined in regard to their scientific 

knowledge before entering the university. Alternatively, more modules about science 

referring to children’s preconceptions could be added and studied by future early 

years teachers. This would help future teachers to improve their scientific knowledge 

and acquire the necessary skills and knowledge to teach early-years’ science.  

Finally, this study provides teachers with suggestions of activities that can be used to 

identify children’s preconceptions. Current children’s preconceptions become 

embedded as future misconceptions which are then much more difficult for teachers 

to shift as the children are exposed to more science teaching in the primary and then 

secondary phases. That is why, careful planning and preparation can assist to have 

more effective and affective early years science lessons. Teachers should carefully 

select the correct teaching methods, suitable activities and materials based on the 

children’s needs and interests taking into account children’s preconceptions whilst 

encouraging children’s participation and facilitating knowledge construction.  
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Abstract: This work employs Latent Class Analysis (LCA) to examine a fundamental 

theoretical hypothesis about the nature of the naïve knowledge of students –the 

knowledge before they attain the science view. In particular, students’ understanding 

of the structure of mater was analyzed to test the above hypothesis on a set of 

proposed mental models, which correspond to distinct levels of students’ progressive 

understanding. The results showed that the three Latent Classes revealed by LCA do 

not coincide with the proposed mental models; they were not homogeneous in terms 

of consistent students' responses and thus, they were not coherent. The findings add to 

the literature contributing to the relevant discussion and demonstrate the valuable use 

of robust statistical modelling in science education research. 

Keywords: Coherent knowledge, fragmented knowledge, mental models, Latent Class 

Analysis, conditional probabilities  

 

BACKGROUND AND FRAMEWORK 

A fundamental theoretical hypothesis in psychology and science education, that has 

been for decades a core issue, is about the nature of the naïve knowledge of students –

the knowledge before they attain the science view. Two dominated antagonistic 

perspectives have been developed: One considers students’ knowledge as coherent or 

theory-like and the alternative considers it fragmented. Researchers fostering the first 

perspective, explain learning and conceptual change in terms of framework theories 

and mental models (e.g. Chi, 1992; Vosniadou and Breuer, 1992). On the other hand, 

researchers fostering the second perspective, consider students’ conceptions as 

fragmented quasi-independent elements, such as facts, simple concepts, naïve 

knowledge structures and narratives, which are activated, interconnected and 

organized accordingly (e.g. diSessa, et al., 2004; Harrison, et al,  1999). Besides the 

above two positions, other researchers (e.g. Hammer, 1996, 2004; Taber, 2008, 2009; 

Taber and García-Franco, 2010) have argued that the two apparently antagonistic 

perspectives are not as controversial as they seem to be and that the researcher's 

interpretation is the key factor supporting the one or the other perspective. 

The issue is of paramount importance for conceptual change theories, since these 

theories support teaching strategies. Interestingly, both perspectives continue to 

demonstrate empirical support on their hypothesis and this seems to be an unresolved 

fundamental problem for cognitive science and science education. No matter if this 

'dual' nature of students' knowledge exists or not, that is, in some cases it might 

appear fragmented and in another coherent, we argue that there is a methodological 

issue behind the contradicting findings that has to be addressed in order for the 

scientific community to reach a consensus.  
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The methodologies commonly applied in this research area were based on the rule 

assessment approach or were relied on small samples and interviews and they lack of 

robust statistical inference; thus, an issue of suboptimal analyses arises. A 

reexamination of the coherent-knowledge hypothesis by implementing multivariate 

statistics, such as LCA, is definitely a step further for this research endeavor 

(Straatemeier, et al., 2008).  

LCA is used in the present research to investigate the above hypothesis on students’ 

understanding of the structure of mater. In this scientific area, research has already 

revealed a considerable number of students’ misconceptions concerning the 

particulate nature of substances (e.g. Johnson, 1998; Papageorgiou and Johnson, 

2005). Many students consider matter as continuous, others have problem in 

conceiving the notion of ‘empty space’ among particles, whereas others have 

difficulties in understanding that the properties of states are due to the collective 

behavior of particles. Johnson's work (1998) was a comprehensive attempt to organize 

the above conceptions into distinct models as follows: (1) Model X: Continuous 

substance – no particles. (2) Model A: There are particles, but they are additional to 

the substance. (3) Model B: Particles are the substance, but with macroscopic 

character. (3) Model C: Particles are the substance and the properties of a state are 

seen as collective properties of the particles. These models were considered to 

represent stages through which, students’ ideas evolve towards the science model. 

However, research such as the above was mainly exploratory, whereas the nature of 

the proposed mental models has not been examined ever since. The present work tests 

the coherent-versus-fragmented hypothesis for the above models by employing an 

advanced robust statistical analysis.  

 

METHODOLOGICAL REMARKS 

In mental models research, the methodology implemented in a classification task is 

usually based on rule assessment methodology (Siegler, 1976, 1981) acording to 

which, each mental model is characterized by an expected pattern of responses, while 

the obseved pattern is recorded. The degree of agreement between expected and 

observed responses determines the allocation of the subjects to a certain model.  

However, there are some weak points with rule assessment methodology. First, only 

the predetermined mental models, can be detected; Second, the assignment of 

response patterns to mental models is made on the basis of an arbitrary criterion of a 

minimum percentage of correspondence between observed and expected responses 

(e.g. 90%). Third, no statistical tests are implemented to provide a measure of how 

well the proposed classification fits and accounts for the data (Jansen & van der Maas, 

1997). An appropriate methodology to overcome the above problems is the 

implementation of Latent class analysis (LCA). LCA achieves to divide a set a 

response patterns into groups (clusters), named latent classes (LC) where the subjects 

hypothetically belong to. The classes (LC) are proposed by means of statistical 

criteria and they are characterized by a number of conditional probabilities. A 

conditional probability is the probability of providing a certain response to an item, 

given that the subject belongs to the specific LC. If the resulted class account is 

correct, a limited number of latent classes (LC) with conditional probabilities 

consisted with these classes should be found. If LCA procedure converges to a single-
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class model, then students’ knowledge, based on their responses cannot be classified 

into qualitatively different mental models.  

The fit of a latent class model can be assessed by a number of indicators such as, the 

number of parameters, likelihood ratio statistic (L
2
), Bayesian Information Criterion, 

Akaike’s Information Criterion, degrees of freedom and bootstrapped p-value. Non-

significant p-value values greater than 0.05 are desired indicating a good fit between 

theoretical model and data.  

 

RATIONALE AND RESEARCH HYPOTHESES 

Since the present work is part of a series of investigations on students’ ideas about the 

structure of matter (Tsitsipis, et al., 2010; Stamovlasis, et al., 2012), there is a special 

interest to clarify the nature of knowledge within the coherence versus fragmentation 

hypothesis. The only work on this matter is the one of Johnson (1998), where four 

mental models have been proposed in the context of the coherent knowledge 

hypothesis. However, further analysis of his findings the models were presented as 

identifiable territories on a diagram without distinct boundaries. That is actually a 

shift beyond the coherence-knowledge perspective.  

The coherence versus fragmentation issue has been discussed for more than three 

decades and no agreement has been reached. The answer to this hypothesis is crucial 

for both, theory and practice, but on the other hand, methodological limitations has 

prevented the issue to be solved. Latent class analysis, as an advanced, robust 

statistical method could be beneficial for the dialogue in question and it was chosen 

for the present confirmatory study. Thus, the main hypothesis being tested in this 

research concerns the fragmented nature of students’ knowledge on the structure of 

matter, which from statistical point of view serves as the null (Ho) hypothesis. 

Whistle, the alternative (H1) hypothesis is the one supporting the coherent mental-

models or theory-like knowledge, possessed by students before they acquire the 

standard scientific theory.  

 

METHODOLOGY  

Data were collected from students’ responses (N=329, 9
th

-grade, junior high school) 

by an instrument designed to access students’ understanding of the structure of mater 

and its changes of states. (Tsitsipis et al., 2010, 2012; Stamovlasis et al., 2012, 2013). 

Except three items, which were multiple choice questions, all the other items were 

open-ended questions requesting also explanations.  

In the coding procedure, students’ responses to each question were examined by the 

three authors in two stages. First, an agreement for an evaluation coding scheme 

concerning key words and expressions that were expected from students. Examples of 

such codes are: 'continuous' , 'particles in  the substance', 'particles small bits of the whole', 

'air between particles', etc. In the next stage, students' answers were assessed and were 

allocated into different levels of understanding the particulate nature of matter, which 

correspond to different mental models under examination.  

Five models (X, A, B, C, S) were examined as follows:  X, A, B and C are Johnson's (1998) 

proposed models, while S is the model in line with the science view and O-model was added 

to include confused, peculiar and irrelevant responses. The procedure accuracy of linking 

each students’ answer to a certain mental model might be restricted to some extent and 
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influenced by the instrument and the students' limited utilization of language; however since 

this evaluation scheme was followed very strictly and consistently throughout the data set, the 

final portrait of LC's conditional probabilities (e.g. Figure 1) is anticipated to reflect the real 

inconsistency or consistency in students responses.  

 Latent class analysis assumes that both manifest and latent variables are categorical 

and distinct groups, named latent classes (LC), and they are responsible for certain 

response patterns. If the students’ mental models on the structure of matter are distinct 

and qualitatively different ‘entities, they would be revealed by the LCA analysis with 

statistical criteria. The LCs or mental models would be characterized by certain 

conditional probabilities, that is, the probabilities of certain responses given that the 

subject is categorized to a specific LC.  

If the hypothesized mental model account is correct, a limited number of latent classes 

with conditional probabilities consisted with these mental models should be found. 

The fit of a LC-model can be assessed by a number of indicators such as, the number 

of parameters (Npar), likelihood ratio statistic (L
2
), Bayesian Information Criterion 

(BIC), Akaike’s Information Criterion (AIC), degrees of freedom (df) and 

bootstrapped p-value. 

 

 

RESULTS AND DISCUSSION 

We present hereby the LCA results for questions corresponding to the solid state. 

Based on six items, and the fit indices, three LCs were found (Table 1). These 

corresponds to 9,2%, 28,6% and 62,2% of the sample, respectively.  In each one of 

the LCs, each item response is linked to a certain mental model. Thus, by depicting 

the conditional probabilities versus students’ responses in a given set of items, it is 

possible to visualize the response pattern in a LC. Figure 1 shows the cumulative 

conditional probabilities of responses for each item in LC2 and indicates that LC2 is 

not homogeneous in terms of students' responses. Similar are the figures for LC1 and 

LC3. These show that the resulting LCs do not correspond to hypothesized mental 

models. Instead, LCA revealed three LCs, where students’ knowledge on the structure 

of matter appears to be fragmented. All attempts to reveal cluster –latent classes, led 

to groups/LC that were not associated with the hypothesized students’ mental models 

through conditional probabilities and finally, the null hypothesis for fragmented 

knowledge was not rejected. 

Table 1 

 Results of the various LC factor models fitted to 6 items for the solid state.  

  L² BIC Npar df p-value Class.Err. 

1-Cluster 526.84 2776.73 17 239 0.00 0.000 

2-Cluster 400.47 2750.16 35 221 0.00 0.047 

3-Cluster* 331.17 2780.68 53 203   0.07* 0.011 

4-Cluster 289.18 2838.51 71 185 0,12 0.014 

5-Cluster 260.26 2917.43 89 167 0.07 0.011 

6-Cluster 240.98 2986.64 107 149 0.14 0.014 

*Indicates the most parsimonious and best fitting model: Npar, number of parameters;  

L
2
, likelihood ratio statistic; BIC, Bayesian Information Criterion; df, degrees of freedom; 

 bootstrapped p-value; classification error.  
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Analogous to the solid state results were obtained with the gas state data. Using the 

corresponding indicators, a 3-cluster model was obtained (not shown here) and was proved to 

be the most parsimonious and the best fitted (p=0,15). The three LCs account for the 24.6%, 

30.3% and 45.1% of the sample respectively. All three latent classes are characterized by 

mixed response patterns switched among all the models (O, X, A, B, C, S), demonstrating 

fragmented students’ knowledge. For the liquid state, LCA did not converge to a significant 

classification based on the corresponding items and resulted one-cluster model, that is, for the 

liquid state the students' knowledge appears to possess an even higher degree of 

fragmentation. Furthermore, when LCA analysis was performed with other various item 

combinations the procedure did not reach to different results.  

Conceptual change theories are closely related to the present issue and the 

implications for education are by far crucial. Learning strategies and teaching 

practices are strongly depended on our deeper understanding of nature of students' 

knowledge. The theoretical frameworks in education and science education in 

particular, have to minimize their reliance on metaphors and unfounded 

epistemological choices and conversely have to promptly adapt new research 

methodology advancements.  

The present work demonstrates that often methodological issues exist behind the 

controversial results in research, such as in coherent versus fragmented knowledge 

hypotheses. Advances in statistical methodology can capture and overcome any 

complicatedness and limitation of the existing approaches. In the present LCA, even 

though particular clusters were revealed, i.e. the null hypothesis was rejected as far 

the clustering procedure is concerned, each of the emerged clusters/latent classes do 

not coincide with any of the hypothesized mental models. These were supposed to be 

homogeneous in terms of conditional probabilities of the item responses. The mental 

models in question were not supported or to be statistically accurate, the null 

hypothesis on fragmented knowledge was not rejected. An exception is the third latent 

class (not presented here), which represent the S-model, which corresponds to the 

group of students who have acquired the science view. This cluster tents to be 

homogeneous in terms of conditional probabilities. 

 

 

 

Figure 1: Conditional probabilities for LC2. Items 1A, 1B, 1C, 4A, 4B and 4C 

corresponds to solid state. 
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Besides the robust statistical treatment, there are a series of issues to be discussed and 

clarify some advantages of the different choices concerning the means of data 

collection (e.g. paper-pencil questionnaire or interviews). In all cases there are pros 

and cons which have to be taken under consideration when decisions are made 

(Vosniadou et al., 2004; Straatemeier et al., 2008; Stamovlasis, et al., 2013). 

In order to demonstrate analytical power of LCA, a simulation experiment was carried 

out on related data and showed its applicability and usefulness in testing hypotheses, 

such as the ones in question (Stamovlasis, et al., 2013). When an artificial data 

segment of known composition was introduced in a real data set, LCA is able to 

capture the artificial segment as an additional latent class preserving its properties. 

Furthermore, LCA can serve as tool to investigate how knowledge-in-pieces or 

primitive ideas are organised, and under what conditions, into the science view in 

some cases or even to possibly different 'mental models' in some other circumstances. 

Longitudinal studies are needed to show how these changes are realised across ages. 

Conclusively, the present study, by implementing a robust statistical method, provides 

the empirical evidence, that the coherent nature of students’ knowledge on the 

structure of solids is not supported. The results add to the literature and contribute to 

the ongoing discussion on the issue in question, which is by far crucial for both theory 

development and practice. Furthermore, it demonstrates that research in science 

education benefits from advanced statistical modelling and it encourages and suggests 

further research on this issue i.e., replication of the present study and extension to 

various subject matters, in order to establish a rigorous theoretical perspective on the 

nature of students' knowledge before they attain the science view. 
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Abstract: Relations between electrostatics and electrodynamics are still a source of teaching-

learning problems in the first years of university. In the area of electricity, research shows that 

students do not relate concepts studied in electrostatics with the phenomena that occur in 

electrical circuits. It has been shown that the relation between electrostatics and 

electrodynamics requires significant knowledge of basic electrical concepts. Moreover, the 

model which is being taught actually (Drude model) doesn’t help to articulate a mesoscopic 

level of description, which helps to understand the mechanism behind the movement of 

charges. Besides, the Surface Charge model enables to deal properly with the ideas of potential 

difference and electric field. In this context, the present work focuses on students’ explanations 

about phenomena involving transient and stationary states in direct current (DC) electric 

circuits. In particular, we inquiry about student’s descriptions at microscopic and macroscopic 

levels in terms of the concept of electric potential for explaining direct electric current.For that, 

we present one of four questions that have been used to investigate the representations of 

students about the concept of potential difference in the mentioned situations. 

Keywords: electric potential, electrostatics, electrodynamics, physics education, 

alternative conceptions 
 
 

INTRODUCTION 

In many introductory physics courses on electricity, the core of the theory of electrical circuits 

is a set of simple DC circuit laws, which relate algebraically voltages, currents and resistance. 

These laws are included usually related to the Drude model of the electrical current. This model 

states that the current in a wire is produced by a potential difference between two point of the 

wire and the electrons are guided by an electric field located inside the conductor with a 

direction parallel to the wire at any point. One could think that all details about the simple 

system of DC circuit are well know and understood. However, in a DC circuit with resistors, 

explanations to predict relationships between variables I, V and R refer, in general, only to the 

steady state, and express invariance with respect to certain transformations (Eylon & Ganiel 

1990). This relationship does not describe how is the circuits’ evolution during transient states, 

and therefore, provides little understanding of the underlying dynamic processes that illuminate 

how the equilibrium state of a system has been reached. Yet literature has pointed out an 

important gap in the usual presentation of the subject and two major sources of students’ 

difficulties in understanding Electricity: a) a lack of linking between the qualitative model of 

description of circuits, in terms of variables at macroscopic level, and the processes described 

by the models at microscopic level (Guisasola 2014); b) misunderstanding of fundamental 

relations between the model of description of electrostatic phenomena, in terms of electric field 

and potential, and the model of description of electrical current in circuits, on which theory 

uses Kirchhoff‘s Laws (Eylon & Ganiel 1990, Barbas & Psillos 1997).  

Recently, new studies about the ways of teaching direct current circuits propose an approach 

based on the microscopic mechanisms that produce the movement of charges. In relation with 

Drude model, which is based on the gradient of electric potential, H. Härtel (1985) explains 
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that there is a conceptual difficulty understanding that there is a big drop of potential across a 

resistor, but little measurable drop along a conducting wire. It is convenient to introduce the 

mechanism that explain this phenomenon, that is, the gradient of the charges distribution in the 

circuits’ wire surface, which results in a different potential for the different point of the wire in 

the circuit. Chabay & Sherwood (2006) used Härtel’s work to propose this model of gradient of 

surface charges. Chabay and Sherwood (2011, p. 627) explain that in a conductor there can be 

no excess charge and so the density of mobile electrons inside the wire must be equal to the 

density of positive atomic core; so the total force on a mobile electron due to the other mobile 

electron and the positive cores is zero. Electrons cannot continually push each other through 

the wire like peas pushed through a tube from one end of the tube. Rather, there must be other 

charges somewhere outside the wire that make an electric field throughout the wire that 

continually drives the electron current. The authors show that the gradient of surface charges 

provides a strong sense of mechanism of current at mesoscopic level (Chabay and Sherwood 

2011).  

Teaching at higher secondary (16-18 years old) or university introductory levels, the actual 

explanatory power of one scale of modelling versus another is very important. While a 

microscopic description often is excessively complicated and too difficult to master, there is 

frequently a need to find an alternative to a purely macroscopic description. The microscopic 

level often needs the quantum physics framework which is not the aim of a classical physics 

curriculum. For these reasons we think it is necessary to use a model at an intermediate scale, 

which is between macroscopic and microscopic models (i.e. mesoscopic) in the teaching-

learning process. The authors show that the gradient of surface charges provides a strong sense 

of mechanism of current at mesoscopic level. In this work we call mesoscopic to the 

intermediate level between the macroscopic phenomenon we are looking at, and the 

microscopic behaviour of the electrons. That means we are not going to take into account 

quantum phenomena, but as the surface charge density is taken into account we need a 

“mesoscopic” model to approach the explanations. Students’ understanding of macroscopic 

phenomena in DC circuits requires a coherent model of mesoscopic processes.  

A number of proposals (Eylon and Ganiel 1990, Thacker et al. 1999) show that the Surface 

Charge model focuses on mechanisms at mesoscopic processes that enhance greatly students’ 

understanding of transient in DC circuits. Besides, the introduction of the Surface Charges 

model enables us to deal properly with the ideas of potential difference and electric field. These 

concepts are defined in electrostatic context, but later in the electric circuits the same concepts, 

in particular potential difference, are used again by the textbooks when applying the principles 

of charge conservation and energy conservation (Kirchhoff's laws). In this context, we believe 

that qualitative models that make explicit the meaning of the concepts in both electrostatic and 

electrodynamics, and the causal mechanisms that relate to the evolution of a circuit after a 

change, ie for transient states, are needed to understand the set of quantitative laws (Ohm, 

Kirchhoff) related to stationary states. So, these concepts are critical to students’ understanding 

of both electrostatic and electrodynamics at introductory physics courses (Barbas and Psillos 

1997, Smith and Van Kampen). 

The Surface Charge model, which is more detailed and explicit than the Drude model often met 

in introductory textbooks, raises new questions regarding students’ understanding for 

articulating the macroscopic and mesoscopic levels of description. However, few studies have 

focused on how students articulate the microscopic and mesoscopic levels of description of 

direct current using both the Drude and the Surface Charge models. In this context, the present 

work focuses on students’ explanations about phenomena involving transient and stationary 

states in direct current (DC) electric circuits. In particular, we inquiry about student’s 
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descriptions at microscopic and macroscopic levels in terms of the concept of electric potential 

to explain direct electric current. 

 

THEORETICAL FRAMEWORK 

New research in Science Teaching have generated teaching models which agree that learning is 

being able to justify what one thinks and, that production processes and acceptance 

(justification) of developed knowledge in everyday life are different from those characterizing 

scientific work and school work. The educational reforms beginning in the late 80s proposed 

putting more emphasis on teaching science in the way that we work in sciences. The 

educational standards in different countries highlight the importance of presenting science as a 

creative process that draws up theories and concepts as tentative solutions to problems 

presented by Scientists and Society (McComas 2000). From this orientation, this work will 

focus on the description of undergraduate students’ understanding as data on which teachers 

can base their decisions about intervention to assist student learning. The data also indicates 

ways of improving teaching sequence designs so as to measure development of understanding. 

This paper describes some outcomes from research into assessment of students’ levels of 

understanding of some key concepts and principles in the context of direct current circuits. 

Levels of understanding are described here for two particular phenomena involving transient 

and stationary states in dc circuits. We focussed on simple situations of circuits, because these 

situations are not mathematically complex which might mask conceptual difficulties. This 

research into students’ knowledge of ideas and how to describe them can be used when 

designing new teaching sequences (Leach & Scott 2002).  

 
 

METHODOLOGY AND DESIGN 

Various techniques have been used to determine students' conceptions. The different research 

techniques have found different results (Duit, Treagust, & Mansfield, 1996). Since the 

conceptions of students have been investigated using different techniques in different contexts, 

the consistency of these concepts is an issue to be considered in research on students' 

conceptions (Engel Clough and Driver, 1986). Phenomenography is proposed, and has been 

used to describe and explain the variation in students' conceptions (Marton, 1981). 

This study uses the phenomenographic approach to investigate "qualitatively different ways in 

which people experience, conceptualize, perceive and understand the various aspects and 

phenomena in the world around them" (Marton, 1981). As Marton and Booth (1997) said "in 

phenomenography individuals are seen as having different ways of experiencing a phenomenon 

and as bearers of fragments of different ways to experience this phenomenon" (p. 114). 

Descriptions students reach are a description, and so therefore, individual voices are left aside. 

Phenomenography tells how different ways of perceiving and understanding reality (concepts 

and associated forms of reasoning) can be considered as categories by describing reality. These 

categories can be observed in a large number of individuals, and therefore all these 

representations together indicate a type of collective intellect. "The same categories of 

description appear in different situations. The set of categories is stable and therefore can be 

applied, even if individuals "move" from one category to another on different occasions 

"(Marton, 1981, p. 195).
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To investigate the students’ ideas, we designed a questionnaire and an interview. For 

designing the questionnaire we carried out a conceptual clarification of the characteristics 

of the both Drudel and Surface Charge models in terms of the concepts of electric field and 

potential. This review was made from the Epistemology of Physics and students’ learning 

difficulties in Electricity (Guisasola 2014). The revision allows us to draw up some key 

characteristics for teaching the potential difference in the context of DC circuits: 

 Potential difference is necessary for moving the charges along a conductor. 

 One way to generate potential difference is by separating charges. In DC circuits, 

this is done by the battery. 

 The potential difference between two points of a conductor wire is related to a 

surface charge density along the conductor wire, which produces a movement of 

charges. 

 Depending on the density of surface charges, the electric field and the electric 

potential along the wire will vary. 

 

For making the final questionnaire, a preliminary study with a small sample was done. 

This preliminary study confirmed that students do not have, in general, difficulties in 

understanding the questionnaire and appropriate corrections were made in the wording of 

the questionnaire. The questionnaire was performed by students after receiving teaching 

about electricity issues. The sample consists of 43 first-year students of engineering 

degree. The questionnaire is made up by four questions designed to detect students’ forms 

of reasoning to explain how the electrical current flows through a conductor wire and how 

charges are distributed in circuits. 

 

RESULTS 

In this paper, we are going to present one of the four questions in the designed 

questionnaire, and the corresponding results.  

The A part of the question Q2 was designed to address the concept of electric potential in 

transitory current situations in the context between electrostatic and DC circuits. The 

question contains a figure in which we can see two metal spheres (one with half radius of 

the other) connected by a copper wire to each pole of a battery of 12 V. In question Q2, the 

students were asked if the spheres of the figure get charged or not, and if they do get 

charged students were also asked to explain why and calculate the charge of each of the 

spheres at the end of the process. Students were told that the wires were long enough not to 

be any interaction (electric induction) between the spheres and the battery poles. The 

purpose of this question was to investigate students’ use of the concept of potential 

difference for explaining the movement of charges in a conductor, in a context of transient 

electric current.  

To answer correctly the question the students should relate the potential difference to the 

charging process of the spheres, and understand that the charging process will finish when 

the potential difference between the two spheres is zero. The theoretical framework states 

that to move charges between two points of a conducting wire, a potential difference must 

exist between two points on the wire. In a correct explanation of the questions, students 

have to understand the Drude model that relates the movement of charges with the quantity 

of potential difference, and they have to be able to use the equation which relates the 
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potential with the charge, in order to calculate the charge of the sphere at the end of the 

process.  

 

The B part of the question was designed to go in deeper in the theoretical explanation of 

the phenomena, taking into account the relation between the potential difference quantity 

and the mesoscopic model of surface charge distribution in the wire. The figure of the 

second part of the question shows, in an enlarged form, the wire of the first part. 

Specifically, it is shown the part of the wire which connects the sphere of radius R/2 with 

the negative pole of the battery. Students are asked to draw proportionally the charge 

distribution in the wire, and to explain that charge distribution. This part B aims to inquiry 

on the students’ causal mechanism of the potential difference in the transitory electric 

current, in an intermediate situation between electrostatic and DC circuits. A lot of 

previous research works on teaching electric circuits (Härtel 1985, Gutwill et al. 1996, 

Psillos and Koumaras 1993, Sherwood and Chabay 1993) highlighted the importance to 

stimulate causal reasoning for a better understanding of the connection between the 

macroscopic level of electric phenomena and the microscopic level of theoretical 

explanation.  

The students were asked to draw proportionally the charge distribution in the wire, and to 

explain the drawn distribution. They were told that the wires were long enough not to be 

any interaction between the spheres and the battery pole. The purpose of these questions 

was to investigate students’ understanding of the mechanism that produces the potential 

difference at mesoscopic level. If the students were able to answer these questions, they 

would relate the gradient of surface charges in the wire and the potential difference (Hartel 

1985, Chabay & Sherwood 2011). They would draw a gradient of surface charges in the 

wire, taking into account the surface charge density difference between the pole of the 

battery and the end of the wire, which joins the spheres. 

The results show evidence that in current transitional situations students generally do not 

perform the analysis of the phenomenon considering the concept of potential difference. 

Students show deficiencies in the explanatory model of charge movement. 

In the following tables we can see the percentages of the different categories of 

description, which reveal the little understanding students have about the presented 

question. 

We classified in category A the answers that explain the movement of charge by the 

concept of potential difference (Drude model). We consider both the qualitative and the 

quantitative answers. About a quarter of answers are in this category. Although the 

question asks to students explicitly to calculate the bodies’ charge at the end of the process, 

only few students do it (9%). Category of description A.1., indicates that the students’ 

reasoning is based on the movement of charges that occurs when there is a potential 

difference between the ends of a conductor (described in a qualitative way). Category A.2., 

indicates that the students’ reasoning is based on the movement of charges that occurs 

when there is a potential difference between the ends of a conductor (described in a 

quantitative way). More than one third of answers (category B.2) explain that charges go 

out from the battery to the wire. This model of current is similar to others results from the 

previous research on DC circuits. A minority (category B.1) of students’ reason out only 

based on the working way of a closed circuit, without taking into account the specific 

situation that is shown in the question. The last category in this case is C, in which students 
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reasoning is based on the charge quantity without taking into account the role of the 

battery. 

 

Table 1 

Results obtained from A-part of Q.2 

Categories of Description Question 2.A 

 (N=43) 

A.-Reasoning based on the movement of charges, which occurs 

when there is a potential difference between the ends of a 

conductor. 

 

A.1-Qualitative description 14% 

A.2-Quantitative description 9% 

B.-Reasoning based on the working way of a closed circuit.  

B.1-It is not a closed circuit 5% 

B.2-Charges go out from the poles 40% 

C.-Reasoning based on the charge quantity without taking into 

account the role of the battery. 

9% 

D.-Not explained answers 23% 

 

Regarding the part B of question Q2, there are no students that use the gradient of surface 

charges for explaining the mechanism of current. This was no surprising if we take into 

account that in the traditional curriculum there are few explanations about the mechanism 

of current at mesoscopic level. So students have to imagine what will happen in the 

dynamical processes of current at this level. In table 2 some of the student’s alternative 

explanations are shown. The first category E was used for those answers with a reasoning, 

which explains that there is more charge at the poles as a factual fact, not as a deduction of 

a “mechanism that moves electrons”. Category F is for those students whose reasoning 

explains that the charge is uniformly distributed along the wire. Looking to the second part 

of these questions, a minority of answers go to the idea that charges are in the poles of 

battery or near to them (category E). This can be considered as the microscopic model of 

the category B.2 in the part A. About a 40% of answers consider the movement of charges 

as a uniform movement of the electron-cloud. This explanation remembers the microscopic 

model proposed often by the textbooks about the electric current in DC circuit in stationary 

state. The data shows clearly that students have not a clear idea about the relation between 

the surface charges and the potential difference between two points. Most of them draw a 

uniform charge distribution, as it is the only well known for them. 
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Table 2 

Results obtained from B-part of Q.2 

Categories of Description Question 2.B 

 (N=43) 

E.-Reasoning which explains that there is more charge at the 

poles as a factual fact, not as a deduction of a “mechanism that 

moves electrons”. 

14% 

F.-Reasoning which explains that the charge is uniformly 

distributed along the wire. It seems that they refer to a 

“uniform movement of the electron-fluid”. 

42% 

D.-Not explained answers 44% 

 

DISCUSSION AND CONCLUSION 

In this study we show that taking into account guidelines based on physics education 

research the situation is not as hopeless as the above statement might suggest. In this study 

based on the last theoretical discussions among physicist and the students’ alternative 

conceptions theory, we inquiry on students’ ideas about the role played by the electric 

potential and its relation with the density of surface charges for constructing an explicative 

model of DC circuits at mesoscopic level which relates microscopic and macroscopic 

phenomena.  

The results obtained indicate that only a small amount of students relate the charge 

movement to the potential difference. This can be interpreted, as only few students 

understand the role played by the potential difference in the movement of charges in the 

Drude model. Some of them think that the charges go out from the battery, or that the 

battery is a constant supplying machine of charges for the circuit. The most common error 

can be interpreted as a result of not knowing the existence of surface charges, so they think 

that the “relevant” charges (in what refers to the potential difference and charge 

movement, or electric field) are distributed all along the wire (not only in the surface). 

Moreover, the results tell us the students ignore the relation between the surface charge 

distribution and the potential difference. They think that in a DC circuit the surface charge 

distribution is uniform like a uniform “cloud of electrons”. Summarizing, the first results 

that we obtained tell that students’ alternative ideas are very far from the Drude model of 

DC circuits and the mesoscopic model of DC circuits based on the gradient density of the 

surface charges on the wire. 

In order to generalize our results, we aim to increase the sample size, trying to analyze also 

the same questions in another countries, in order to see if the same problems occur 

everywhere independently to country. To do that, we would also modify the questionnaire, 

and try to do it more achievable for students (as we have seen that a great amount of them 

cannot answer it). As a second perspective, according to a constructivist approach of 

teaching and learning (which takes into account the student’s alternative conceptions), we 

want to use the results got in this work to go into further research in this matter, and to 

Strand 1 Learning science: Conceptual understanding

100



design teaching-learning sequences and written materials that will lead to more meaningful 

and holistic understanding of DC circuits in introductory physic courses. 
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Abstract: Recent research has shown the importance of multiple representations for an 

adequate understanding of scientific experiments and phenomena. A basic skill for 

efficient work with multiple representations is that students are able to generate 

coherent representations. However, students’ level of representational coherence is 

low. In addition, they learn too little while doing science experiments, which usually 

involve implicitly multiple representations.  In order to improve this situation, a study 

on learning with multiple representations in connection with experiments has been 

conducted in the field of ray optics.  

In a first step, a test for representational coherence was developed for diagnostic 

purpose, probing for adequacy, completeness and consistency in the use of multiple 

representations. Validation with standard procedures yielded a field-tested instrument 

of reasonable length and reliability. 

In a second step, domain-specific representational analysis tasks (RATs, such as 

completing, correcting, and mapping representations were developed, involving two 

or more representational forms related to the learning domain. In a field study, a 

treatment group learning with RATs was compared to a control group, were learning 

was based on the traditional construction of ray diagrams, involving only one type of 

representation at a time. A significant positive effect of experiment related learning 

with multiple representations in favour of the treatment group was found.  

Methodological features of the above studies are discussed (control measures, 

instruments, etc.) as well as the significance of their results for future research and 

classroom practice.  

Keywords: multiple representations, representational coherence, learning with 

experiments 

 

BACKGROUND, RATIONALE 

In science and science education, it is common to use representations (e.g., pictures, 

sketches, tables) as essential means of reasoning (Schnotz, Baadte, Müller, & Rasch, 

2011). A substantial body of research has shown that multiple representations are 

indeed essential for an adequate understanding of scientific experiments, phenomena, 

and concepts (see e.g. Gilbert & Treagust, 2009). The ability to generate, 

interconnect, and translate several representations correctly and use them as problem-

solving tools is called representational competence (Dolin, 2007).  

In this respect, the level of coherence between several representations that a student is 

able to achieve (representational coherence) is an important part of representational 

competence. However, students have considerable problems to handle multiple 
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representations (Kozma & Russell, 1997; Saniter, 2003).  Moreover, there is 

convincing evidence that students learn too little when performing or watching 

experiments (Crouch, Fagen, Callan, & Mazur, 2004; Harlen, 1999). Thus, there is 

need to improve learning with multiple representations in general, with a special focus 

on their role for learning from experiments in particular.  

As for experiments, it has been shown that understanding and learning can be 

improved by means of appropriate and focused cognitive activation (Kearney, 

Treagust, Yeo, & Zadnik, 2001; Crouch et. al., 2004), but cognitive activation causes 

mental costs (cognitive load, see Sweller, 1999).  However, there is a research gap of 

proper ways of cognitive activation regarding experiments in connection with 

multiple representations. Thus, the aim of the present work was to develop and 

investigate such an approach using tasks analysing multiple representations (RATs) 

related to experiments. Because the majority of representations traditionally used in 

classrooms are dealing often implicitly and only for a short period of time (Lee, 

2009), special emphasis is given to provide explicit, sufficient opportunities for 

learners to use, combine, connect and translate multiple representations. We now turn 

to a more detailed description of RATs.  

 

REPRESENTATIONAL ANALYSIS TASKS 

To trigger students’ learning while working with multiple representations, focused 

cognitive activation is necessary. Students should more often or more deeply reason 

about and with multiple representations, express them, and draw conclusions from 

them as it is commonly the case (see preceding paragraph). Thus, based on the 

rationale given above, “Representational Analysis Tasks (RATs)” focus on an explicit 

instructional elaboration strategy involving two or more types of representations 

simultaneously: 

 Students generate their own multiple representations. 

 Students compare and map multiple representations. 

 Students connect several (given or self-generated) representations with each 

other and express physics’ facts with different representation types.  

 Students complete representations. 

 Students find errors in representations, describe the errors, correct them, and 

explain how they corrected these errors. 

Figure 1 shows an example of a RAT which involves mapping and modifying 

multiple representations.  

 

Figure 1. Example of a RAT, mapping / modifying two representations (1st: 

photograph as a realistic picture; 2nd: ray diagram as a schematic representation). 
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This RAT consists of two similar experimental settings of image formation by a 

convex lens (same focus, but different image and object distances). These two settings 

are not expressed by the same type of representation, however, by a photograph and a 

schematic drawing (ray diagram). Students are first asked to mark the essential 

differences between the arrangements of optical elements, second to adapt the 

schematic drawing (in order to establish coherence with the realistic representation), 

and third to describe and justify with written text the modifications made by them. So, 

the third type of representation involved is textual, connected to the both pictorial 

representations. In this RAT, students are explicitly instructed to work with three 

different types of representations, as this translation between “physical languages” 

(representational forms) is a big challenge. The three-step reasoning required offers a 

scaffold to reduce the risk of cognitive overload (Cognitive Load Theory, Sweller, 

1999). 

Figure 2 shows a traditional task, which focuses on only one type of representation. 

The students are asked to draw the ray diagram of an image-forming experiment by a 

convex lens. Though this task contains text in its formulation (like the RAT above), it 

does not require it as a component (description of reasoning) in the answer of 

students, and thus only one form of representation is explicitly necessary for the 

answer. In traditional textbooks most tasks ask and focus on single representation 

answers (see Scheid, 2013). 

 

Figure 2. Example of a traditional task that focuses on only one type of 

representation. 

For the present study on potential effects of RATs, the following research objectives 

were pursued: 

 Development and validation of an assessment instrument for representational 

coherence ability.  

 Investigation of the impact of RATs on students’ representational coherence 

ability in connection to experiments, including consideration of possible 

moderator variables. 
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1a)  Draw the ray diagram of the following experiment with a convex lens:                           

        firepoint = 3 cm;      item width = 8 cm;       item height = 2 cm  

 
1b)  What effects has an increase of the item-lens distance on image size and image 

width?  

 _______________________________________________________________ 

1c)  Use the above ray diagram for your explanation: Why does the image size alter 

in the way you have predicted in task 1b)?  

 _______________________________________________________________ 

 … 
 

METHODS 

The study took place in a grammar school in the field of ray optics, (formation of 

image by a convex lens), as instructed in Germany in secondary level I. In total, 342 

students aged twelve to fourteen years (M = 13.1; SD = .54), four schools, ten classes, 

and five teachers participated in the study. The teachers were familiarized with the 

RAT-strategy by a personal training.  

The present study had a quasi-experimental, one-factorial, repeated measures design. 

The treatment group (TG) worked with RATs, while the control group (CG) worked 

with traditional tasks. The content of the tasks and the learning time of the groups 

were equal. The same teacher conducted the lessons for the TG and the CG in his 

school. The length of the intervention was six class hours.  

The representational coherence ability of students was the dependent variable. It was 

assessed by relating real phenomena und experiments to various types of 

representations and testing for coherence between the latter.  This test consists of 15 

items with multiple choice and open-answer question formats (see “Results” section 

for reliability).   

Figure 3. Assessment task for measuring students’ representational coherence ability.  

 

Figure 3 shows a sample item where students were asked firstly to produce a ray 

diagram. Secondly they should predict how the image size will alter when the item 

moves to a larger distance from the lens. The third part of the task asked students to 

explain verbally, why the image size changes in the way they predicted. These 

descriptions may give insight in the quality of the multiple representations of the 

learners (and also points to correct solutions of b) which possibly came about by 
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guessing, in some cases).   

The result of the representational coherence test is, as stated above, proper 

understanding of multiple representations. As a basis of that, students need a proper 

understanding of the content they are intended to represent, and thus the result of this 

test is expected to be inherently connected with a more general ability regarding ray 

optics. 

 

For control purposes, three subscales of intelligence (word associations, numbers, and 

matrices, Liepmann, 2010), possibly relevant school grades (German language, 

physics, and mathematics), and motivation (Hoffmann, Häußler, & Peters-Haft, 1997; 

Kuhn & Müller, 2010; Rheinberg & Wendland, 2003; Seidel, Prenzel, Duit, & 

Lehrke, 2003) were assessed as possible moderator variables. Analysis was carried 

out with a multilevel model, taking account of the above moderator variables 

(Göllner, Gollwitzer, Heider, Zaby, & Schröder, 2010). 

 

RESULTS 

With regard to the instrument for assessing representational coherence, the scores of 

item difficulty of the post and follow-up tests were in the appropriate range (0.2 - 0.8). 

Item-scale correlations of all items but one were also appropriate. The only item only 

weakly correlated with the other items treated conceptually demanding content going 

slightly beyond that treated in the other items. As it is assessing an educationally 

relevant aspect of students’ representational coherence ability, it was decided to keep 

the item in the test. The instrument as a whole has sufficient internal consistency and 

reliability (αC = 0.8).  

 

Figure 4. Overview of students' representational coherence ability mean scores at the 

different times of measurement. 

As for the impact of the RAT intervention effect on students’ representational 

coherence ability, the findings showed that the treatment group and the control group 

started at almost the same level (see Fig. 4). Before the intervention, the students had 

had no teaching about image formation. As a consequence, the pre-test scores were 

low. After the intervention, both groups improved their representational coherence 

Control group Treatment  group 
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ability considerably (TG: ca. + 50%; CG: ca. + 35%). Here, the treatment group 

outperformed the control group significantly (p < 0.01), with a difference around one 

standard deviation, which is practically relevant. With regard to the possible 

moderator variables, the grades in mathematics and physics, and the intelligence of 

the students also had a significant influence on the development of representational 

coherence, but without a difference between the CG and the TG groups, i.e. without 

interaction with the treatment. Motivation and other possible moderator variables had 

no influence.  

 

CONCLUSIONS, PRACTICAL IMPLICATIONS 

The instructional strategy based on Representational Analysis Tasks turned out to 

foster understanding of experiment-related multiple representations to a considerable 

extend. The RAT approach combines existing work on cognitive activation necessary 

for learning with experiments on the one hand, and the potential and problems of 

multiple representations in science learning on the other hand (Kearney et. al. (2001), 

Crouch et. al. (2004), Treagust et al. (2009)). It is new that RATs explicitly involving 

two or more experiment-related representations, asking for analysis in form of 

comparing, combining, correcting and constructing them. On the basis of our 

findings, we see them as an useful element for science teaching and textbooks. 

Further research should focus on probing deeper on cognitive load issues (a possible 

obstacle to the beneficial effects of RATs), and on extending the RAT-strategy to 

other domains of physics and science education, to possible medium and long term 

effects, and to combinations with other strategies (in particular conceptual change 

strategies; see Hettmannsperger, Schnotz, Mueller, Scheid, 2014). 
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Abstract: This study presents an investigation of student’s conceptual understanding 

concerning Newton’s second law. Students frequently have so-called preconceptions or 

misconceptions about fundamental physical concepts of mechanics. These misconceptions are 

usually deeply rooted in the students’ minds and therefore not easily to overcome during 

science lessons. The Force Concept Inventory (FCI) is a multiple choice assessment test used 

to evaluate students’ understanding of Newton’s theory. The purpose of this study was to 

evaluate the informational gain of interviews and tests with open-ended questions as 

compared to the exclusive use of FCI-items. In the first part of the study, 35 high school 

students were asked to answer a questionnaire including selected 14 FCI-items to assess their 

misconceptions concerning Newton’s second law. Subsequently, individual interviews with 

the students were conducted and recorded with a video camera to explore the students’ 

reasons for choosing certain answers. Additionally, a second test was performed with 141 

high school students, consisting of two selected FCI-items with open ended questions. 

Analysis of the data suggests that answering the FCI-items correctly does not necessarily 

imply that the students actually understand the subject in question. Information obtained 

during the personal interviews or from the answers of the open ended questions revealed that 

even students who had answered a certain question correctly often based their choice on a 

false explanation and therefore had no conceptual understanding of the problem.  

 

Keywords: Students’ Conceptions, Newton’s Second Law of Motion, Force Concept 

Inventory, Mixed Methods Research 

INTRODUCTION 

Mechanics is known as an extremely difficult field to be taught. Students come to science 

lessons with their own pre-instructional conceptions that are differing from science views 

(Treagust & Duit, 2008). These preconceptions or misconceptions encompass fundamental 

concepts about velocity, acceleration or force and the basic laws such as Newton’s second law 

of motion. Often, students are not aware of the fact that velocity, acceleration and force have a 

direction, that they are vectors. Students also have an alternative understanding of the 

relationship of these entities of physics (Schecker & Wiesner, 2011; Wodzinski, 1996). Many 

students conserve these incorrect beliefs, even after science instruction, so they are 

handicapped in learning the scientific views about force and movement (Duit & Treagust, 

2012). Although misconceptions are rather resistant to change, effective theories may help to 

overcome them. Different scientific approaches, for example a dynamic concept of mechanics 

(Wilhelm, 2005), are expected to promote conceptual development and direct students’ 

conceptual knowledge towards the right way in physics education.  

For exploring students’ understanding of basic concepts it is practical to use a measuring tool 

such as a multiple choice assessment test. The Force Concept Inventory (FCI) (Hestenes, 

Wells, & Swackhamer, 1992) is one of the most popular and applied instruments to determine 

students’ beliefs in the area of force and motion. It was published in 1992 and the original 

version consisted of 29 multiple choice items which can be classified into kinematics, 
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Newton’s first law, Newton’s second law, Newton’s third law, superposition principle and 

kinds of forces (Schecker & Gerdes, 1999). The FCI-items contain a taxonomy of 

misconceptions, including a summary of alternative conceptions and these items help teachers 

to attain information about students’ knowledge. But gaining insight into students’ knowledge 

may be different from gaining insight into students’ conceptual understanding (Smith & 

Tanner, 2010). One opportunity to obtain more data about conceptual thinking is to look 

beyond the chosen answers of the FCI-items by using personal interviews or open ended 

questions.  

RESEARCH QUESTIONS AND METHODS 

This research study is the first part of a PhD project with the intention to explore students’ 

beliefs about the Newtonian mechanics. The whole PhD project aims to investigate students’ 

cognitive learning processes about Newton’s second law by using applets in physics lessons. 

As a result, the specific research questions of the pilot study are the following: 

1. Can additional values be gained with the help of personal interviews? 

2. Which sort of new information can be obtained by open ended questions? 

This current study took place in 2012 and consisted of four parts (see Figure 1). A suited 

mixed methods design, a two-stage research design was developed to investigate students’ 

conceptions about Newton’s second law. It comprised two written tests with selected FCI-

items concerning Newton’s second law and additional one-on-one interviews with the 

students, respectively.  

The participants were high school students from different Viennese gymnasia (secondary 

schools) with an age range from 15 to 17 years (9
th

, 10
th

 or 11
th

 grade class), about half of 

them were female, half male. Furthermore, the focus was laid on the different learning 

potential at the particular selection of the students. In the first part of this study, 35 students 

participated and in the second part, the sample consisted of 141 students. 

 

 
Figure 1. Research Design 

In the first stage, a suitable pretest to explore the misconceptions about Newtonian mechanics 

of the participant students was designed. For this purpose, fourteen items had been taken from 

the original version of the Force Concept Inventory (FCI) test (Schecker & Gerdes, Version 

3.1). At the selection of the items, the thematic priority was set on Newton’s Second Law and 

the vectorial characteristics of velocity, acceleration and force. Chosen were the original items 

number 1, 4, 5, 6, 7, 8, 9, 15, 16, 20, 24, 25, 26 and 27. The 35 participants had to answer 

these fourteen selected items in the form of a written test. The test time took about fifteen 
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minutes. This test was followed by personal interviews with each of the students. The 

participants had to justify why they had chosen a certain answer and not the other 

opportunities of the test items. These individual talks lasted ten to fifteen minutes each and 

the purpose of the interviews was to gain information about the students’ concepts in a 

different, qualitative way. The talks were recorded with a video camera. 

In the second stage of this study, the focus was laid on two specific items from the pretest of 

the first stage, namely item 6 (I6) and item 24 (I24) from the original FCI (see Figure 2). 

 

 

Figure 2. Item 6 and Item 24 from the FCI 

As both items rely on the same underlying concept, one would expect students with the right 

conceptual understanding to answer both items correctly. However, early analysis of the data 

from the pretest revealed that correct answers for I6 and I24 did only correlate to a certain 

extent, implicating that students who had answered only one of the items correctly may not 

have the right conceptual understanding. Therefore, a two-tier test with open-ended questions 

consisting of these two items was generated. Students had to select the right answer and 

explain their choice with their own words. Moreover, additional one-on-one interviews were 

also conducted in this second part of the study, but only with 10 randomly chosen students.  

Table 1 

Data Gathering 

 Research Instrument Collected Information 

First step 
Questionnaire (14 FCI-Items) Misconceptions 

Interviews Way of thinking 

Second step 
Two particular FCI-Items and open ended questions 

Interviews 

Students’ conceptions beyond the FCI 

Way of thinking 
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RESULTS 

First, the results of the pretest were analyzed. Figure 3 shows the percentage of students’ 

correct answers obtained from this test. The values varied between 9% (for I5) and 49% (for 

I16 and I20). 

 

Figure 3. Results of the pretest 

In the next step, the results for I6 and I24 were closer investigated, as both address Newton’s 

second law. This can be seen in Figure 4, where the percentage of correct answers for items I6 

and I24 are compared to each other. These items are both referring to Newton’s second law 

and it could be expected that students with the right conceptual understanding would answer 

both of them correctly. This seems to be true on the first sight, since the percentage of correct 

answers is similar for both items. But at a closer observation, only about 50% of these 

students have answered both questions correctly, whereas an equal number of students have 

answered only one of them in the right way. 

 

 

Figure 4. Results of the pretest – items 6 and 24 

During the subsequent personal talks, the students were asked to justify some of their answers 

from the pretest. These interviews revealed certain underlying problems concerning the 

questions from the pretest, such as: 

 Students did not understand all the details of the questionnaire 

 Students read the questions imprecisely  

 Students guessed answers 

 Students had misconceptions  
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To further investigate underlying misconceptions concerning Newton’s second law, a two-tier 

test with open-ended questions was designed. This part of the study was conducted with 141 

high school students. Results from this test are shown in Figure 5.  

 

 

Figure 5. Results from the two-tier test 

In this case, 56% of the students chose the right answer for I6, whereas I24 was correctly 

answered by 30%. In contrast to the results from the pretest, 90% of the students who 

answered I24 correctly were also able to solve I6. 

Next, the second part of the two-tier test was assessed. This part contained open-ended 

questions where students had to justify their chosen answer to investigate their underlying 

conceptual understanding. This analysis revealed that for I6 nearly 50% of the students who 

had chosen the right answer gave a false or no explanation for their choice, whereas for I24 

only 20% of the students showed the right underlying conceptual understanding (see Table 2). 

Table 2 

Results of the two-tier test 

 

 

Examples for the false explanations and the underlying misconceptions are shown in Table 3. 

A typical misconception is the confusion of force, velocity and energy. Obviously, some 

students do not know or understand the exact definition of these physical entities and the 

differences between them. As a consequence they do not recognize if a physical entity has a 

direction or not.  

Finally, one-on-one interviews were conducted with ten randomly chosen students to further 

investigate their conceptual thinking. However, barely any additional information was gained 

from these interviews as compared to the results of the two-tier test. In summary, the personal 

interviews and the answers of the open ended questions showed that despite choosing the 
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right answer of the tests, some students had no conceptual understanding of the subject in 

question, because they provided a false explanation. 

Table 3 

Extracts from false explanations from the two-tier test 

Item Student’s explanation Underlying misconception 

I6 “…both forces interact…” confusion between force and velocity 

I6 “…both energies are at work at the same time…” energy has a direction 

I6 “…if there is no gravity, this case happens…” motion depends on gravity 

I24 “…the rocket accelerates slowly and…” acceleration changes, is not constant 

I24 “…the rocket still has the energy from the previous 

motion…” 

confusion between velocity and energy 

I24 “…it takes some time until the acceleration starts…” acceleration starts a certain time after the 

impact 

 

DISCUSSION AND IMPLICATIONS 

The results of this study indicate that from exclusively analyzing single FCI-items conceptual 

understanding cannot be certainly assessed. The two-tier test revealed that for I6 and I24 the 

percentage of students who answered correctly but provided a false or no explanation for their 

choice was 46% and 80%, respectively. Although these subjects were already covered during 

physics lessons, students were not able to distinguish between important physical entities such 

as force, velocity, acceleration and energy. Moreover, they frequently have problems to grasp 

the vectorial character of certain entities.  

Indeed, the FCI and other multiple choice assessment tests are useful tools to quickly measure 

student’s knowledge, for instance to evaluate the informational gain after science instruction 

(Hestenes et al., 1992). However, the discussion whether the FCI actually measures 

conceptual understanding has been ongoing for 20 years (Heller & Huffman, 1995; Hestenes 

& Halloun, 1995; Huffman & Heller, 1995). At its implementation, Hestenes et al. stated that 

“the greatest insight is attained from interviews based on the Inventory, where students are 

asked to give reasons for their choices” (Hestenes et al., 1992). Nevertheless, the FCI is often 

used as a diagnostic or evaluating tool for large groups of students without additional 

interviews and it should be kept in mind that these results might not provide complete 

information about student’s conceptual understanding. 

The data obtained from our personal interviews and from the open-ended questions of the 

two-tier test revealed that students often chose the right answer without having the conceptual 

insight. Students may guess the right answer or end up with the right conclusion based on a 

false conception or they may simply know the answer to a certain problem because they can 

remember it from physics class. A correct answer given during this test may be the result of a 

certain kind of mechanics knowledge but this does not implicate that the students have the 

right conceptual understanding.  

In conclusion, interviews and personal explanations can help to investigate reasons and 

considerations for choosing a certain answer and therefore generate additional information 

about cognitive thinking and existing misconceptions.   
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Abstract: The rapid development of nanoscience as a scientific field where the 
classical domains like physics, chemistry and biology converge and meet at the 
atomic or molecular level, provoke the science educators’ interest to introduce basic 
ideas of this area into the school science curriculum. Assuming that nanoscale 
conceptions held by teachers will affect those of their students in a review of the 
science education literature one faces a need for research - at least research that links 
content matter and educational issues - regarding teacher education. The present work 
focuses on pre-service teachers’ conceptions of size-dependent properties at the 
nanoscale. It includes two studies with groups of student-teachers having different 
background in science and mathematics. The results show that there is a difference 
between the two groups concerning their ability to give explanations of the nanoscale 
phenomena, which is related to their different background in science. Both groups 
though showed difficulties in recognizing the analogical relation between the 
examples provided and thus in explaining the change of properties at the nanoscale.  

Keywords: nanoscience, nanotechnology, pre-service teachers  
 

INTRODUCTION 
Relativity and quantum mechanics count undoubtedly as the most significant 
scientific advances of the 20th physics century. They marked a new era in science, as 
they gave rise to a new form of looking the world (Arriassecq & Greca 2012). Since 
the 1960s research on nonlinear systems has flourished considerably contributing to 
the development of the contemporary scientific worldview and stimulating 
discussions on the nature of science as well. More recently the emerging fields of 
nanoscience and nanotechnology promise to have extensive implications for all of 
society as they apply the unique properties of matter at the nanoscale to create new 
products and technologies (Roco 1999). The invention of scanning tunneling 
microscopy (STM) made it possible to develop a wide range of methods for 
investigating and controlling matter and its transformation at the atomic and 
molecular level (Euler 2012). The emergence of novel mechanical, optical, electric, 
magnetic, thermal, chemical and biological properties at the nanoscale as compared to 
bulk behavior seems to be a valuable general insight from an educational point of 
view. For instance, colloidal suspensions of gold nanoparticles exhibit different colors 
at the nanoscale depending on particle size. 

 The rapid development of nanoscience as a scientific field where the classical 
domains like physics, chemistry and biology converge and meet at the atomic or 
molecular level, provokes the science educators’ interest to introduce basic ideas of 
this area into the school science curriculum (e.g. Hingant & Albe 2010; Jones et al. 
2013). Recognizing the important role of nanoscience and nanotechnology the 
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National Science Foundation (NSF) funded a series of workshops in order to work out 
basic ideas of the nanoscience field. Nine “big ideas” have been identified as 
important enough to teach in order to understand nanoscience and nanotechnology 
issues: Size and Scale, Structure of Matter, Forces and Interactions, Quantum Effects, 
Size-Dependent Properties, Self-Assembly, Tools and Instrumentation, Models and 
Simulations, Science, Technology and Society (Stevens, Sutherland & Krajcik 2009). 
Research has been carried out in the past few years related to these “Big Ideas”  (e.g  
Jones et al. 2007; Stevens, Delgado & Krajcik 2010; Swarat et al. 2011; Taylor & 
Jones 2009; Tretter et al. 2006). 
Nevertheless science education research has shown that modern physics topics often 
get little attention in physics instruction in schools (Shabajee & Postlethwaite 2000). 
School teachers’ lack of competence in teaching “modern physics” topics is often 
identified as a potential reason (e.g. Angell et al. 2004). At the same time it is widely 
accepted that teachers’ professional knowledge is considered to be one of the most 
important factors contributing to high quality instruction (Abell 2007).  The quality of 
the teacher as the major determinant of student engagement with science is also 
highlighted in the report to the Nuffield Foundation. In Recommendation 7 it is 
argued that “good quality teachers with up-to-date knowledge and skills are the 
foundation of any system of formal science education. Systems to ensure the 
recruitment, retention and continuous professional training of such individuals must 
be a policy priority in Europe” (Osborne & Dillon 2008, p.9). 
The work presented here takes into account the need for teacher training in a new 
scientific field and focuses on nanoscience. The aim of the present study is to 
investigate pre-services student teachers’ conceptions about the emergence of novel 
properties at the nanoscale.  
 
THE THEORETICAL FRAMEWORK 
The study is based on the ‘Model of Educational Reconstruction’ (Duit, 
Gropengießer, Kattmann, Komorek, & Parchmann 2012). The model has been 
developed as a theoretical framework for studies investigating whether it is 
worthwhile and possible to teach particular science concepts, principles and views of 
the nature of science. The major aim is to bring science content structure and 
educational concerns into a balance when developing teaching and learning 
sequences. The model consists of three closely interrelated components (Figure 1):  
(1) Clarification and analysis of science content, including hermeneutical-analytical 
research on subject matter clarification and analysis of the educational significance of 
a particular science content. (2) Research on teaching and learning, comprising 
investigations of students’ perspectives and their development towards the scientific 
view as well as studies on teachers’ views and beliefs of the science concepts, 
students’ learning and their role in initiating and supporting learning processes. (3) 
Design and evaluation of teaching and learning environments, comprising the design 
of instructional materials, learning activities, and teaching and learning sequences. 
The process of Educational Reconstruction is recursive in nature i.e. a cyclical process 
of theoretical reflection, conceptual analysis, small scale curriculum development, and 
classroom research on the interaction of teaching and learning processes.  
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(2) 
Research on teaching & learning 

Perspectives of the learners 
(conceptions & affective variables) 

Teaching & Learning processes 
Teachers’ views & conceptions 

(1) 
Clarification and analysis of 

science content 
Subject matter clarification  

& 
Analysis of educational significance 

(3) 
Design and evaluation  

of teaching and learning 
environments 

Issues of real teaching & learning 
environments are taken into account 

Figure 1. The three components of the Model of Educational Reconstruction 
 
 
THE EMPIRICAL PART 
The present work includes two studies: 

The first study carried out in Greece with student teachers of the Department of 
Primary Education at the University of Crete. These students have a good background 
in pedagogical issues but a limited background in science and mathematics. After 
their graduation the students are going to teach in primary school a wide range of 
subjects among them science. The aim of this study was to investigate primary student 
teachers’ conceptions of size-dependent properties at the nanoscale.  

In order to collect the data the “teaching experiment” approach was applied (Komorek 
& Duit 2004). Teaching experiments may be viewed as Piagetian critical interviews 
deliberately employed as teaching and learning situation. In a small group setting of 
two students each, twenty six student teachers took part in the study. The interviews 
lasted about 70 minutes and were audio-taped and transcribed. The main phases of the 
teaching experiment are briefly the following (Stavrou & Euler 2012): 

- Discussion about properties, reasons of having different properties in materials and 
the possibility to change the materials’ properties. 
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-  Expectations and explanations of the behaviour of a steel nail, steel wire and steel 
wool after trying to burn them (Figure 2). Discussion about if there is a change of the 
properties. 

-  Expectations and explanations of the behaviour of a piece of potato and of small 
pieces of another potato (Figure 3) after reacting with hydrogen peroxide (H2O2) 
(Figure 4). Discussion if there is a change of the properties. 

-  Demonstration of a picture that exhibit the different colors of Cadmium Selenide 
grains (CdSe) at the nanoscale (Figure 5). Initial attempts to explain the different 
colors.  

-  Identification of the size of the grains as the reason of color change. Development of 
analogous relationships between the steel experiment, the potato experiment and the 
different colors of CdSe and explanations of the different colors. 

-  Development of a representation of size dependent properties at the nanoscale. 
Reflection on their own representations about the change of the properties 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Steel nail (left), steel wire (middle) 
and steel wool (right) 

Figure 3. A piece of potato (left) and 
another potato cut into small pieces (right) 

Figure 4. Same as Fig. 2 after reacting 
with H2O2  
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The second study was carried out in Germany with pre-service science (physics and 
chemistry) teachers of the University of Kiel. These students have a good background 
in science and mathematics but a limited background in pedagogical issues. After 
their graduation the students are going to teach in German Grammar Schools 
(Gymnasium) physics and/or chemistry. The aim of this study was to ascertain the 
extent of the impact of the science background in explaining phenomena at the 
nanoscale. In this study the data were collected using an open-ended questionnaire, 
which involved main aspects of the teaching experiment carried out in Greece. 
Twenty four science students filled up the questionnaire online.  

Due to the explorative nature of the studies, methods of qualitative research were used 
to analyse the data of the interviews and the questionnaire (Mayring 2000).  

 
RESULTS 
The data analysis demonstrated that primary student teachers had difficulties in 
explaining the color change of CdSe in terms of Surface/Volume ratio and of Energy 
Levels Quantization. For example they had difficulties in recognizing the change of 
the energy levels and the increase of energy level difference as the size of the CdSe 
becomes smaller. They were not able to establish a connection with the different 
colors, even though aids in form of an image with the spectrum of the visible light and 
their corresponding wavelengths were given to them. On the contrary the science 
students were able to give more appropriate explanations to this task. 
Nevertheless the two groups of student teachers (primary and science student 
teachers) show difficulties in explaining the change of properties at the nanoscale. 
These difficulties seem to be related to the conception that properties remain invariant 
at all scales and they mainly interpret the macroscopic behavior in an additive 
framework. In other words the change of properties as we reach the nanoscale causes 
difficulties to both groups as it indicates a “discontinuity”.  
Furthermore, both groups showed difficulties in recognizing the analogical relation 
between the examples provided. For example although students used the idea of the 
surface increase in order to explain the properties of the potato when it was cut to 

Figure 5. The two substances are Cadmium Selenide. The 
only difference is the grain size (Halliday et al 2001) 
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small pieces, they did not use it when they were asked to explain the color changes in 
CdS.  

In sum, there is a difference in the two groups (primary and science student teachers) 
concerning their ability to give explanations of the phenomena, which are related to 
their different background in science. But there are no differences concerning the 
transition from the experienced macroscopic world to the nanoscale. It seems that in 
both groups thinking in terms of ‘continuity’ is deeply rooted. Thus the transition 
from the experienced macroscopic world to the nanoscale causes difficulties as 
“discontinuity” should be taken into consideration.  
 

CONCLUSIONS 
This study offers an insight on pre-service primary and science teachers’ conceptions 
about size-dependent properties. Due to the explorative character of this study, the 
results have a hypothetical character, though. They should be tested in a broader 
sample. Nevertheless, the study provides findings which can be used in teacher 
training activities about basic ideas of nanoscience. Thus the study contributes to 
science education research of teaching and learning modern science concepts that are 
especially relevant for the emerging field of nanotechnology. 
Based on the results the present work a further study with pre-service teachers has 
been conducted using again the teaching experiment design. The new study focuses 
on the explicit use of the S/V ratio to explain properties changes at the nanoscale. The 
main task was to explain the different behavior of fabrics (ranged from hydrophilic to 
hydrophobic). Preliminary results seem to be encouraging since they prove that 
student-teachers are able to give explanations of the properties change at the 
nanoscale.  

 
NOTES 
1. The work has been developed in cooperation with Prof. Dr. Manfred Euler from 

the IPN- Leibniz-Institute for Science and Mathematics Education at the 
University of Kiel, Germany   
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Abstract: This small scale pilot study was the first stage of a larger cross age study 
designed to investigate students’ predictions in novel situations and the role that self-
generated analogies play in non-scientific reasoning. The study used a mixed method 
approach composed of a combination of interviews and questionnaires. Thirteen, sixteen 
and twelve students were recruited from Year 4, Year 9 and Year 11 (aged 9-10, 15-16 and 
16-17 years) respectively from three different schools in Greece.  

Nine student focus group interviews were conducted in combination with the 
administration of a six pictorial item questionnaire. All interviews were audio-tape 
recorded and additional data were also collected through the use of written responses to the 
questionnaire. Students’ responses were analysed to ascertain whether their predictions 
drew on the use of analogies and, if so, the nature of the analogy that was used. It emerged 
that there were many similarities among students’ predictions as well as the analogies they 
used to explain the latter. Also, preliminary findings suggest that in many cases when 
students demonstrated non-scientific reasoning they drew on analogies which made them 
make a prediction which is not compatible with the scientific view. It also emerged that the 
analogies used  by students in Years 4 and 9, when presented with the same novel situations 
in which they were required to make a prediction, were, in many cases, similar irrespective 
of their year group. Whilst students in Year 11 did make use of those similar analogies the 
frequency with which they drew on analogies, to make predictions, appeared much less that 
for the two younger student groups  

This study found that students regularly make use of analogies, rather than scientific 
thinking, and that teachers need to be more aware of the nature of the analogies used and 
how, and why, these analogies can, in many cases, lead students to make scientifically 
incorrect predictions.   

Keywords: predictions, analogies, reasoning, novel situations 
 

INTRODUCTION 
Analogies as tools for instruction and analogical reasoning have been of interest to 
scientists, educators and philosophers ever since Aristotle.  Research in this area has 
consistently found that analogies play a significant role in students’ understanding and 
learning about natural phenomena (Goswami, 1991).  

Within a constructivist approach the learning process involves a search for similarities 
between the unfamiliar and the familiar, between what is new and what is already known 
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(Kim & Choi, 2003). Therefore, apart from being useful as instructional tools, analogies are 
also valuable as tools for reasoning and understanding. 

Using analogies can help people to better understand a novel situation by allowing them to 
see similarities (albeit that the similarities that they see are not the ones that will lead them 
into making the scientifically correct prediction) between that novel, and hence unknown 
situation they are presented with, and a more familiar situation. 

Whilst previous studies have provided an insight about the effectiveness of analogies as a 
tool for understanding new phenomena, they did not consider the extent to which students’ 
use of particular analogies could be used to better understand how and why student made 
either correct or incorrect prediction in novel situations. As such there is still a lack of 
clarity as to whether there is any connection between the analogies generated by students 
and their misunderstanding of situations. Moreover, as several authors have argued 
(Pittman, 1993; Wong, 1993), the use of spontaneous and self generated analogies might 
serve as a useful diagnostic form of formative assessment in so far as it reveals 
misconceptions that might be held. 

This article presents findings from a study that investigated students’ use of spontaneous 
and self generated analogies and their possible relation with erroneous beliefs when asked 
to make predictions regarding outcomes to novel situations presented to them by addressing 
the following questions:  

a) What predictions do students make regarding novel situations? 

b) How do students of different ages make predictions regarding novel situations? 

c) What analogies do students draw on when making their predictions? 

d) To what extent do students of different ages draw upon similar analogies? 

 

THEORETICAL FRAMEWORK 
Analogy 
In terms of structure analogies, normally take the form of similes or metaphors. Generally 
speaking, analogies have two main components- the base and the target. The latter being 
the unfamiliar and in some cases novel situation that is being considered whilst the former 
refers to known situations which will provides means of engaging with the target. 
In an analogy each of the two domains has certain relationships or attributes which can be 
mapped as being quite similar. An example of attributes mapping is the analogy that water 
is like electricity (they both flow) whereas a mapping of relationships could be the solar 
system as an analogy for the planetary model of the atomic structure (similarities in orbits 
between electrons around the nucleus and planets around the Sun).  

Spontaneous analogy 
In the present study the term spontaneously generated analogy is used to denote an analogy 
that is self initiated in contrast to situations where the subjects are presented with an 
analogy. Similarly, a self-generated analogy has the meaning of an analogy that is created 
by the individual as opposed to analogies that are provided but in this case the subjects 
might be asked to generate an analogy.  
Clement (1988) identified three resources or processes for an analogy generation these be 
generation via: a) a formal principle (recognition of the target as an example of a principle 
or an equation and generation of the analogous situation B as another example of that 
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principle), b) a transformation (an analogous case is produced by modifying some features 
of the target situation), c) an association (the individual is reminded of an analogous 
situation in memory which although differing in many aspects from the target situation but 
it can still have important similar features).  
 

RESEARCH METHODOLOGY 
Study sample  

The pilot study sample was composed of students from each of the three main levels within 
the Greek education system. As such the sample comprised thirteen, sixteen and twelve 
students participated, aged 9-10 years (Year 4, primary education), 14-15 years (Year 9, 
secondary education, Greek ‘Gymnasium’) and 16-17 years (Year 11, secondary education, 
Greek ‘Lyceum’) respectively. The schools were selected opportunistically, to ensure a 
sample that was, in terms size, status and socio-economic background, broadly 
representative of schools across the same geographical region of central Greece. Such a 
selection process was principally concerned with ensuring what Bell (1984) refers to as 
“naturalistic coverage” (p. 75) rather than with meeting the statistical sampling 
requirements associated with traditional quantitative research. In order to ensure the 
anonymity of the students when presenting data (results section) students were given codes.  
Codes started with S (to indicate Student) and it was followed by a number indicating the 
Year of the students and at the end with another number indicating which case is 
represented (Student 1, 2, 3 etc...).  So, for example, S9.3 would indicate that this student is 
in Year 9 and that they are recorded as student number in this study.  

The research instrument   

The situations in which students were asked to make a prediction were novel in the sense 
that they had not been asked previously to think about/make predictions regarding those 
specific situation before and this would have been because the actual situation presented 
was unlikely (although this was not in itself necessary) to have been seen before. As such 
the students’ predictions regarding those specific situations were new in the sense that the 
students could not have had any prior opportunity to have thought about those situations 
before they were presented in this study.  
All of the situations were presented to the students in a pictorial form. This approach was 
used to avoid providing any kind of lead to the students in terms of selecting one particular 
option from those enlisted in the multiple choice question. Students were allowed to make 
their predictions about the novel situation and to express their own ideas about the concepts 
involved in the novel situations.  This approach also had the advantage that pictures have 
the potential to be very effective in terms of generating engagement (Kaplan & Howes, 
2004; Miles, Kaplan & Howes, 2007) a fact that was considered important in work across 
such a wide age range and the fact that combining these with the use of multiple choice 
questions has the potential to reduce ambiguity (Bock & Milz, 1977).  

Examples of the questions can be seen below (Figure 1, 2 & 3). The novel situation and the 
multiple choice question were followed by an open-ended question. In a separate sheet, 
students were asked to explain their prediction (‘what makes you think that’). 
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               Figure 1. Burning a candle novel situation as 

    presented to the students. 

  
  Figure 2. Weight and gravity novel situation as            Figure 3. Burning steel wool novel situation as  

                       presented to the students.                                                presented to the students. 
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Procedure  

The data collection session lasted approximately two hours for every age group. In the first 
hour, the questionnaire was administered to the students who were asked to complete it 
without any guidance being provided. Straight after students answered the questionnaire, 
they were divided into two groups of about 5 participants for each age group and they were 
interviewed for one hour. The interviews were conducted straight after the first hour in 
which students completed the questionnaire in order not to let them have a second thought 
about the prediction they made and discuss it with their classmates losing this way the 
spontaneity of their answers. The interviews adopted a clinical interview approach 
(Clement, 2000) in which they sat around tables and the interviewer asked them about the 
prediction they made in the novel situation and to explain what led them to make their 
choice. Although the questions were not standardized some basic questions such as, ‘why 
do you think this will happen?’, ‘what makes you think that?' or ‘why do you think your 
prediction is the correct one?’ were used. This semi-structured interview approach was used 
in order for the interviewer to be able to adjust or change subsequent questions in light of 
students’ explanations of their options. The aim here was to induce students to further 
explain their thought processes that had led them to select their answer to the multiple 
choice questions. 

Data analysis  

The questionnaire data were quantitatively and qualitatively analysed with predictions 
made in the first part of the multiple choice test being statistically compared across the 
three different age groups. Responses given in the second open ended questions were 
examined to see whether there was evidence for the use of a self-generated analogy in the 
explanations students used to explain what let them to make their prediction.  

All interviews were audio recorded and then transcribed. As it is the case with the 
responses in the open ended question, the transcription scripts were examined in terms of 
analogy generation in the explanations of the predictions made and the basic idea upon 
which students claimed that they made their prediction.  
Moreover, the identified analogies in students’ explanations from the interview 
transcriptions as well as the written responses in the questionnaire were analysed in terms 
of a modified version of Clement’s (1988) framework in which the way that analogies were 
generated was classified in terms of the three categories described above. Moreover, 
explanations that involved analogies being generated without any elicitation were classified 
as ‘direct spontaneous explanations’ (DSE). It was highly unexpected to find this type of 
explanations in the interview transcriptions. This is because if students were about to 
reason spontaneously on the basis of analogies making their prediction this way, they 
would have done so when they were completing the questionnaire and thus, this type of 
explanations (DSE) would be identified in students’ responses written on the space the 
questionnaire included to provide an explanation to the open ended question. Analogies that 
were generated by students when they were asked to elaborate more on their explanation 
constitute another category, that of ‘indirect spontaneous explanations’ (ISE). The third and 
final category, ‘prompted indirect explanations’ (PIE), is when students were asked to 
provide an analogous case with the one already presented to them. Contrariwise with the 
spontaneous generated analogies, the latter two ways of generating an analogy were mostly 
used to code students’ explanations identified in the interview transcripts.    

Students’ responses in the open ended question of the questionnaire and responses recorded 
in the interview settings were combined in order to identify common themes. The ideas 
expressed in the explanations of the predictions made as well as the way of generating the 
analogy, the analogy generation method and the analogies themselves were compared 
among the three different groups. Two science education researchers and one more person 
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(outside the area of science education specialism) analysed the data (questionnaire and 
interview responses) and coded the responses. Where disagreement about the coding 
existed it was resolved through discussion among the coders.   

RESULTS 
There were many similarities among students’ predictions with the majority of students 
choosing the same option in the multiple choice question. From the 41 students participated 
in the pilot study, 34 made the predictions that might have been expected based on the 
existing literature on students’ ideas about similar phenomena with those that the novel 
situations set out to probe. Across the 6 novel situations only 38 out of the 246 predictions 
were correct (15%). Also, students in Years 4 and 9 made fewer scientifically correct 
predictions when compared to the older students of the study sample.  
Students seemed to be seeking for ways to facilitate their thinking about the novel 
situations. Many of them (39 out of the 41 students) appeared to be looking for analogous 
cases that would help them in formulating (or selecting) the correct predicted answer in the 
novel situation.  
For these predictions a total of 234 analogy explanations were generated. From the 234 
analogies identified, 108 were spontaneously generated (DSE), 103 were indirectly 
spontaneously generated (ISE) and 23 were prompted by the researcher. Almost half of the 
analogies identified were used from all the students in the three different age groups. Also, 
even if the analogies generated were not identical they were similar in terms of the 
generation method and the elements that students focused on and changed in order to create 
the analogies as described above. The following two responses given for the novel 
situations 1 and 2 as shown in figures 1 and 2 respectively attest to that: 

In my opinion bulb A will switch on first because the left box has 
greater mass than the right and therefore, the one that includes 
greater mass will fall down first. I think that this is like the example 
in which we throw from the top of a roof a dumbbell and a feather, 
the dumbbell always falls faster. This happens because the weight is 
greater. 

(S9.1) 

If you have a wet sponge and a dry one trying to balance them on a 
beam, the only way to make it is to squeeze and twist the wet one! 
That is why I chose that bulb A lights up. I think that the candle that 
is on side A switches on because when the candle burns it melts it 
loses parts of its weight due to the wax drops that flow.  

(S4.2) 

It can be seen in the first example that the student changed very few characteristics of the 
novel situation (the target) generating this way an analogous situation (the base) that, 
according to the answer given, helped in making a prediction. This student, as was the case 
for many others, focused on the difference of mass between the animals being placed in the 
boxes (the elephant and ant) and their analogy was generated by simply exchanging these 
two, more familiar, objects that also had different masses. In this case the analogous 
situation (the base situation) was similar in many ways with the novel situation (the target 
situation) and thus it is coded as being generated via transformation.  

From the 41 students participated in this study, 26 followed a very similar reasoning 
process in this novel situation. The only difference was that instead of replacing the 
elephant and the ant with two other objects, some students provided analogous cases of two 
other animals being dropped from the same height (for example, a bee and a rhino, a fly 
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and a sheep or a fly and a cow) or they even gave examples of two people of different mass 
(a fat and a thin one as some students wrote) falling from a tree, a roof or into the sea. This 
way they came to the same conclusion making an erroneous prediction according to which 
the box with the elephant falls faster (bulb A is switched on first). However, the scientific 
prediction here is that both bulbs will light at the same time because their acceleration 
under gravity is constant for both masses (ignoring air resistance).    
The generation method of transformation was evenly distributed among the 3 age groups 
and across the 6 novel situations was the most common method for generating analogies 
among this study sample. The majority of the analogous situations identified in the present 
study were cases that were transformed in order to fit with the novel situations. They were 
phenomena that students observed in their early stages of life. This became apparent as 
some of the older students did make use of the same analogies such as younger did. 
Of the 234 analogies identified, 41 were coded as being generated via an association. The 
analogy generated by S4.2 is a typical example of this generation method. As it can be seen 
in the example above, this student, focused on the element of the liquid that flows while the 
candle is lit and they made the student made a prediction by being reminded of an 
analogous situation in memory that was different in many ways from the burning a candle 
situation. Without any doubt this reasoning is incorrect in the sense that although the candle 
loses mass this is not due to the wax drops that flow. Rather, this is because the carbon 
particles in the candle react with the oxygen in the air to make carbon oxides. 
Subsequently, these gases (COx) are given off and therefore the remaining candle weight 
less than before being lit.  
Nevertheless, there were students who made the correct prediction in this question by 
reasoning on analogies and furthermore, in explaining their answers did use scientifically 
compatible ideas. This is shown in the questionnaire script response below: 

I chose A bulb to light up. I can see that this is like the case of a 
piece of paper. After being burnt, the paper will not have the same 
weight anymore, it becomes lighter. I think that the same happens 
with the candle, it loses its weight as it gets burnt. 

(S11.3) 
In the above response this student, as was the case for many others (28 out of the 41 
students followed a similar reasoning process), focused on the element of an object being 
burnt in order to come to the conclusion that burning objects lose their weight or to justify 
what makes them believe that the latter is a correct idea which indeed appears to be 
compatible with the scientific view in this novel situation. In other words, there might be 
some cases in which students’ ideas of objects being burnt are not only incorrect in relation 
to the experiences they are based upon and as the above example shows, they can be used 
to make correct predictions of situations students did not considered before. 
Nevertheless, students who came to a correct prediction in the novel situation 1 (Figure 1), 
made an incorrect prediction about novel situation 4 (Figure 3) by following a similar 
reasoning process and using similar analogies. In both cases, the most common underlying 
idea identified in students’ responses is that there should be a decrease in the mass of 
objects being burnt. Students’ explanations offered about their ideas and what led them to 
make their prediction explained what led them to think that burning objects lose weight. It 
appeared that their idea is a reflection upon experiences like the firewood being burnt and 
the remaining ash, which is less bulky than the wood and the coal, being lighter (this 
analogy was the one mostly expressed about these two novel situations). Whilst this is 
correct for the burning candles situation and can lead to a correct prediction, this is not the 
case for the steel wools. Contrariwise with the first case, in the steel wool situation the iron 
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wool has chemically combined with oxygen during the burning process and thus, having 
oxidized to form an ‘ash’ of iron oxide, its weight would increase.  
One possible explanation concerning what led them to a correct prediction in the first case 
is that students made their prediction on the basis of their experiential knowledge of 
burning fuels which is known to contain carbon. The analogies students generated and used 
in their explanations attest to that. On the other hand, there appears to be an absence in 
students’ everyday experiences of objects known to contain iron to be burnt. Therefore they 
were led to an incorrect prediction in the steel wool situation because they draw on 
analogous cases of carbon made materials being burnt. This would suggest that there could 
be some cases in which students have done their observations well and they can use this 
experiential knowledge in such a way leading to a subsequent understanding of new 
phenomena and information. 
 

DISCUSSION AND IMPLICATIONS 
The use of the same analogies by students across the three age groups suggests that students 
were, in many cases, led into making incorrect predictions because of their use of analogies 
drawn from personal and everyday experiences.  
However, these results also suggest that spontaneously generated analogies, although 
frequently leading to erroneous predictions, do have the potential, in some situations, to 
lead to a scientific correct answer 

The spontaneously and self generated analogies showed that students were forced to look 
for similarities between the novel situation (target) and their prior experiential knowledge 
(base situations that they perceived as being similar) and it was in drawing on these that 
they made their predictions. This supports constructivists’ argument that in order for 
students to understand a new situation they should construct personal interpretation of new 
information by using prior experiences (Driver & Bell, 1986). 

These preliminary findings suggest some implications for science teaching in that teachers 
not  only need to be aware of students’ prior knowledge (Hewson & Hewson, 1983) but 
also need to better understand how their students use that prior, often experientially 
grounded everyday knowledge, when thinking about novel situations. In this respect a 
better understanding of the generation and use of self generated analogies could be a 
valuable tool in assisting teachers to address existing students’ ideas which are not 
compatible with scientific concepts. Conversely, with self generated analogies reflecting 
and explaining where students’ erroneous ideas stem from, they could be used in order to 
help teachers in the identification of the latter.  
What should be noted here is that the findings of this pilot study are based on a relatively 
small localized study from one geographical area in Greece and, as yet, we make no claims 
about the generalisability of these findings. We are continuing with further research to 
explore students’ predictions and explanations in these novel situations with a larger study 
sample that will also include individual, as opposed to focus groups, interviews with all 
students so as to gain deeper insights about their predictions and reasoning in novel 
situations. 

Also, future research could focus on students’ reasoning in other novel situations than these 
examined in the present study and furthermore across different countries in order to see if 
reasoning spontaneously on the basis of analogies is a common way of understanding new 
situations.  
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Abstract: A particular difficulty in physics learning is the fact that quite often students’ ideas 

of physics are in contrast with scientific explanations taught at school. This “naive" 

understanding, “misconceptions” or “alternative conceptions” interact with the new 

knowledge to be acquired. Moreover, misconceptions are often resistant to instruction. This 

article reports about empirical results of several related studies within an interdisciplinary 

project of physics education and educational psychology. Following recent research on 

conceptual change and cognitive science, instructions were developed that take into 

consideration widespread misconceptions in ray optics, in order to support students in creating 

“scientifically appropriate” representation. In a pilot study (N = 52) it was investigated, 

whether tasks using (multiple) representations and addressing widespread misconceptions can 

help students to improve conceptual understanding in ray optics. In order to assess students’ 

conceptual understanding, a concept-test on ray optics was developed within the project. 

Results indicated that a relatively short intervention leads to a significant improvement. Based 

on these findings, results of two related following studies were compared in a multilevel 

analysis using the developed concept-test. Students in both studies dealt with tasks focusing 

on representational competences in a sequence of six lessons about forming real images using 

a convex lens. Both studies used the same test instrument to assess conceptual understanding. 

In this analysis, results of a study specifically targeted at widespread misconceptions (480 

students, 21 classes, 10 schools with 10 different teachers), were compared with results of a 

related study not addressing misconceptions, but focusing on representational coherence 

instead (444 students, 17 classes, 8 different teachers). Results of this comparison confirm the 

findings of the pilot study.  

Keywords: conceptual understanding, learning with multiple representations, ray optics 

 

THEORETICAL BACKGROUND AND RESEARCH OBJECTIVES OF 

THE STUDY 

A recent strand of research has focused specifically on the representational demands of 

developing students’ conceptual understanding and conceptual change. Several studies have 

pointed out that students need to develop and understand multiple representations to improve 

their understanding of basic scientific concepts (Plötzner & Spada, 1998; Wilhelm, 2005; 

Botzer & Reiner, 2005; Mortimer & Buty, 2009; Waldrip, Prain, & Carolan, 2006, 2010; 

Hubber et al., 2010). In a qualitative study of students’ representations in the domain of 

particle models about solids, liquids, and gases, Waldrip, Prain, and Carolan (2010) showed 

that student-generated representations can support students’ conceptual learning if the teacher 

fosters the clarity, coherence, and adequacy of students’ concepts. Hubber et al. (2010) 

confirmed the efficacy of using multiple representations in mechanics while teaching or 
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learning the concept of force in a qualitative video study. However, further research is needed 

to clarify the effectiveness of strategies that aim to improve students’ conceptual 

understanding by encouraging the use of multiple representations.  

Learning and changing physics concepts thus requires students to be regularly engaged in 

using different kinds of multiple representations at different levels of abstraction, such as 

describing observed phenomena verbally or expressing facts via schematic representations 

and equations. One strategy to make students work with multiple representations is the use of 

cognitively activating tasks. These kinds of tasks involve implementing challenging learning 

strategies (Klauer & Leutner, 2007) such as relating prior knowledge to new facts, initializing 

cognitive conflicts, translating representations into others with equivalent meanings, finding 

different ways to solve one problem, as well as encouraging students to express their own 

thoughts, ideas, and concepts (see Hiebert & Wearne, 1993; Stein & Lane 1996; Taylor, 

Pearson & Rodriguez, 2003; Shayer & Adhami, 2007; Baumert & Kunter, 2011).  

Regarding the representational demands of promoting students’ domain-specific physics 

understanding, the current study aimed to investigate a representational approach to learning 

with multiple representations via cognitively activating tasks in the above sense to foster 

students’ representational achievements and conceptual understanding of image formation in 

ray optics. For this purpose, we developed instructional approaches that took into 

consideration widespread student concepts in ray optics as reflected in external 

representations. These student’s concepts could be taken from a well-established body of 

research (Goldberg & McDermott, 1987; Wiesner 1992; Reiner, Slotta, Chi & Resnick, 2000), 

e.g. illuminated objects (secondary light sources ) do not diffuse/scatter any light or the (real) 

image gets as a whole into the lens, the lens then reverses the image. 

Based on this background, the present study on potentials effects of multiple representations 

tasks targeted at conceptual learning and change aimed at the following research objectives: 

1) Development and validation of a concept test on ray optics, as a prerequisite to test the 

intervention proper; this was principally done in a pilot study, with further improvement 

in the present study 

2) Development and investigation of an intervention based on representational tasks targeted 

on improving students’ conceptual understanding change in ray optics (the main purpose 

of the main study).  

We will now turn to materials and methods, in particular including a more detailed description 

of the instructional tasks.  

 

MATERIALS AND METHODS 

A previous study (N = 52) indicated that a relatively short intervention of three lessons (135 

min. in total) targeted on representations in ray optics lead to a significant improvement of 

conceptual understanding in this domain F(1, 50) = 10,65, MSE = 315,60, p < .002, ηp
2
 = .18. 

Referring to these results (Hettmannsperger, Schnotz, Müller & Scheid, in press), the possible 

positive impact of representational tasks on common misconceptions were analyzed in greater 

depth. 

As for the concept test on ray optics, item-analysis of the pilot study data allowed to exclude 

inadequate items (low item discrimination index, too low or high item difficulty). A final 

form with 11 Items was kept, showing satisfactors psychometric characteristics (difficulties 

between 0.20 and 0.80, Cronbach α = .72); details can be found in Hettmansperger (2013). 

The test instrument on conceptual understanding thus can be considered as adequate to assess 

the intervention proper, which is main topic to be reported here. 
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For this investigation, results of a study (Hettmannsperger, 2013) on multiple representations 

and misconceptions – hereafter referred to as study and sample a) - were compared with 

results of a related study addressing representational coherence, but not misconceptions 

(Scheid, 2013), hereafter referred to as study and sample b). 

Students in both studies (856 students of the 7
th

 and 8
th

 grade, M = 13 years, SD = 8 months) 

worked on representational tasks focussing on either misconceptions or coherence in a 

sequence of six lessons based on physics experiments about forming real images using a 

convex lens. In both studies, the same version of the concept-test developed studying the pilot 

study (see above) was applied directly before the intervention (pre), directly afterwards (post), 

as well as 6-8 weeks later (follow-up). Covariates were relevant school grades (maths, physics 

and German). Furthermore, we investigated whether gender and class-size had an influence 

on the development of students’ conceptual understanding. 

Study a) on misconceptions (N = 480) had a treatment group, learning with representational 

tasks focusing on misconceptions The control group did not use these multiple representations 

tasks, while learning the same topic, including the same kind and number of misconceptions. 

Figures 1 and 2, respectively, show examples of the learning tasks in both groups: The 

treatment group was asked which observer could see a sharp image of a candle: (a) if 

someone put an opaque screen in position S, (b) if the opaque screen was replaced by a 

transparent one, and (c) if the screen was removed (referring to observers A, B, and C, 

respectively, in Fig. 1).  

Many students stated that the screen was necessary for “capturing” the image, which is a 

misconception that is widely held by students (Goldberg & McDermott, 1987). They did not 

consider that it would still be possible to see the image if the observer’s eyes were located in 

the position of the screen.  

At the same time, the control group (group II) had to determine the position (see Figure 2) 

from which an observer would be able to see a sharp image of the candle on the screen. 

Furthermore, students were asked to construct the displayed image point H of the candle in 

Figure 2. Hence, in the control group the same naïve widespread concept was addressed, but 

the control group was not cognitively activated to operate on the ray diagram representation 

and to find out what an observer can see in the different positions. 

 
Figure 1. Schematic representation of a real 

image formed by using a convex lens in the 

treatment group. 
 

Figure 2. Schematic representation of a real 

image formed by using a convex lens in the 

control group. 
 

Study b) addressed the issue of fostering representational coherence (444 students, 17 

classes). Students’ misconceptions were not an explicitly addressed issue in study b). 

Students in the treatment condition of study b) (group III) were eg. asked to analyze, if the 

conditions of optical elements in photograph and in ray diagram do coincide (see the figures 3 

and 4), to mark essential differences between the photograph and the ray diagram, to adjust 

the (schematic) representation of the ray diagram to the (realistic) representation of the 

photograph, and finally to explain verbally, how and why they have adjusted the situation 
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depicted in the ray diagram to that of the photograph. Students in the control condition (study 

b) (Group IV) solved traditional tasks using single representations, but not explicitly multiple 

representations, such as (eg. drawing ray diagrams based on given values of the represented 

quantities). 

As the data in this comparison obey a hierarchical structure (measurement times are nested in 

students, students are nested in classes, classes are nested in schools) they were analyzed by 

multilevel analysis. All statistical calculations were made by using R, especially the package 

nlme (Pinheiro & Bates, 2013). In the following, only a 3-level-model is considered, as the 

sample size of N = 38 on the class level is still appropriate for multilevel modeling, but not 

the sample size on school level (N = 18), see Eid, Gollwitzer & Schmitt, 2011. 

 

 
Figure 3. Photo of an experimental set-

up of a real image formed by using a 

convex lens in the in the treatment 

aiming at fostering coherence of 

representations 

Figure 4. Schematic representation of 

a real image formed by using a convex 

lens in the treatment aiming at 

fostering coherence of representations 
 

 

 

RESULTS 

For the purpose of the second research objective (the 1s one having been mostly be settled 

already in the pilot study), the hypothesis that students in study a) achieved a higher learning 

increase than students in study b) was studied via multilevel analysis. As explained above, a 

3-level approach was used, with measurements times (level 1) nested in students (level 2) and 

students in classes (level 3).  

As there was no main effect between treatment and control group within study a) and study b) 

as well as no interaction effect of time and condition within each study, a comparison of 

students in study a) (Group I + II) with students in study b) (Group III + IV) was appropriate. 

For this reason, the analysis is based on a pre-post-follow-up analysis with one factor: 

addressing students’ misconceptions (in either form of study a), see above) was compared 

with not addressing misconceptions (study b). 

Descriptive results displayed that students in both conditions study a) and study b) improved 

their conceptual understanding (main effect for time). Looking at the boxplots (see figure 5) 

students in study a) seem to improve more than students in study b), and moreover, the data 

suggested that this effect was stable. In the next step, multilevel modelling was used to find 

out whether the described trends were indeed statistically significant. 
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Figure 5. Boxplots comparing the results of the concept-test from study a) and study b) 

 

The results indicate that for pre-post learning increase, students in sample a) (addressing 

misconceptions with and without multiple representations) improved significantly more than 

in sample b) (not addressing misconceptions). The same holds for the pre-follow up 

comparison. In each case, we found a statistically highly significant increase of around half a 

standard deviation (i.e. medium effect size): ßpost = 0.54, F(1,1690) = 51.94, p < .001, ßfollow up = 

0.47, F(1,1690) = 45.10, p < .001. Relecant covariates were grades in maths and physics. 

German grades, class-size and gender seemed to be not relevant (we did not find any 

significant influence on conceptual understanding for these covariates). 

 

DISCUSSION  

In summary, the developed concept test on ray optics could be still improved, but is already in 

its present form a satisfactory tool for assessing students’ conceptual understanding.  

The results of the multilevel analysis confirm the conclusions of the previous study and 

support the hypothesis that widespread misconceptions can be successfully improved, among 

others by (multiple) representations tasks explicitely addressing these misconcpetions. 

Considering that overcoming misconceptions is difficult and classical strategies like inducing 

cognitive conflict or showing demonstration experiments does not automatically lead to an 

success (see Limon, 2001 for an overview), we see this result as an encouraging finding. This 

appears to be even more justified, as instruction strategies based on multiple representations 

can also foster other essential science competences in the same time (see set. 1 and e.g. 

Scheid, 2013) 
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Abstract: The purpose of this study was to probe children's alternative conceptions by 

intuitive rules. Furthermore, the effect of conceptual change by “Predict – Observe - 

Explain” (POE) teaching and interview strategies were analyzed too. The adopted 

instrument “The test of intuitive rules and science understanding” was consisted of 

three concepts: conservation of weight, concentration, and temperature. The total 

participants were 98 fifth and sixth graders. The main finding revealed that most 

children indeed provided misconceptions induced from the intuitive rules. The POE 

teaching strategy integrated with analogy could weaken the most children's alternative 

conceptions. Meanwhile, the POE interview also could enhance the conceptual 

change of the children if the conceptual changed still hadn’t occurred after the 

preliminary POE teaching. 

Keywords: misconception, POE strategy, science learning, children. 

 

BACKGROUND AND PURPOSE  

The alternative conception paradigm regards children as an active, constructive agent 

who constructs knowledge out of his experiences and brings to the internally coherent, 

alternative and persistent conceptions (Driver, 1985; Fischbein, 1987; Novak & 

Gowin, 1984). In addition, the intuitive rules theory developed by Stavy and Tirosh 

(2000) also pointed out that children were affected by the irrelevant external features 

of the task and answered incorrect response.  

The intuitive rules theory could predict pupils’ answers in scientific tasks (Stavy et al., 

2000), but it had fewer literature concerned how to assist children to overcome 

intuitive rules to construct formal scientific conceptions. The research purpose was to 

probe children’s alternative conceptions by intuitive rules and to enhance conceptual 

change with POE (Predict-Observe-Explain) teaching and interview strategy.  

The research questions based on research purpose were that what are children’s 

alternative conceptions induced from the intuitive rules? What are the effects of the 
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POE teaching strategy and POE interview? 

 

RATIONALE 

The intuitive rules theory is indebted to Fischbein (1987) who defines an intuition as 

“a theory that implies an extrapolation beyond the directly accessibly information”. 

So far, three intuitive rules were defined. This study focus on the comparison tasks of 

the first two intuitive rules: “more A then more B” abbreviated as “MR”, and “same A 

then same B” abbreviated as “SR”. 

The four conditions for a successful conceptual change to take place were 

dissatisfaction with current conceptions; a new conception must be intelligible, 

plausible, and fruitful (Strike & Posner, 1982). For this reason, it was not easy to 

achieve conceptual change. However, the POE technique provided the opportunity for 

conceptual change when the children’s predictions and observations were inconsistent 

with each other (White & Gunstone, 1992). Hence, the POE technique could be the 

optimal teaching strategies for promoting conceptual change in science learning. 

Furthermore, interview was not only a tool for collecting data, but also an instrument 

for promoting conscious reflection and meta-cognition. We combined conscious 

reflection with thinking aloud, called “POE interview”, that involved awareness, 

prediction, observation, explanation, and reflection.  

 

METHODS AND FRAMEWORK 

A quasi-experiment research was conducted with 98 fifth and sixth graders (11-13 

years old) of elementary school. The research process contained two POE strategy 

treatments (teaching, interview) and three questionnaires (pre-test, post-test 1 and 

post-test 2) (see figure 1).  

The questionnaire called “The test of intuitive rules and science understanding” were 

self-designed and used to probe students’ alternative conceptions. It contained three 

parts: “SR” (same A then same B) to exam students’ conceptions of conservation of 

weight, “MR -C” (More A then more B--concentration) to test the conceptions of 

concentration, and “MR-T” (More A then more B-temperature) to understand the 

conceptions of students about temperature.  

All the 98 students participated in the pre-test, POE teaching, and post-test 1. Then, 

five students who still held alternative conceptions after POE teaching would proceed 

to the POE interview and the Post-test 2 to exam if they changed their conceptions, 

and overcome the intuitive rule in science concept understanding. 

Strand 1 Learning science: Conceptual understanding

141



 

 

 

 

POE teaching 

(N=98) 
 

POE interview 

(N=5) 
 

Pre-test 

(N=98) 
─────→ 

Post-test 1 

(N=98) 
─────→ 

Post-test 2 

(N=5) 

 

Figure 1. Research design of teaching and interview 

 

RESULTS 

The pre-test results of SR, MR-C, and MR-T tasks showed that 86.4%, 19.3%, and 

55.6% pupils held alternative conceptions were in line with the “SR” and “MR” 

intuitive rules. See Table 1. 

 

Table 1 

The pre-test results of SR, MR-C, and MR-T tasks (N=98) 

 SR MR-C MR-T 

QA 1     2     3  4     5     6  7     8     9     10 

AC (%) 81.6   93.9   83.7 15.3   28.6   15.3 56.1   69.4   45.9   51.0 

Average (%) 86.4% 19.3% 55.6% 

* Questions Number = QA. Alternative Conceptions = AC. 

 

The SR tasks included three conceptions: water evaporation, dry ice sublimation, and 

acetone sublimation. The results showed that up to 86.4% pupils followed the intuitive 

rule “same A then same B.” These pupils held the alternative conceptions comprised 

“the gas had no weight,” “the gas disappeared,” “the gas was lighter than the solid or 

the liquid.” Driver (1985) also indicated that pupils held “invisible substance didn’t 

exist,” “the gas had no weight or the gas was lighter than the liquid.”  

The MR-C tasks included three conceptions: mixed solution with different volume or 

proportion, and mixed solution with the same concentration of sugar. The results 

showed that only 19.3% pupils solved tasks in line with the intuitive rule “more A 

then more B.” These pupils answered by “the amount of water." This result 

corresponded to the research findings of Stavy et al. in 2000. 
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The MR-T tasks contained the conception of mixed solution with the same 

temperature and volume water. The results showed that 55.6% pupils would follow 

the intuitive rule “more A then more B” to solve question. The pupils’ alternative 

conceptions included: the temperature would be higher if mixed with the same 

temperature hot water, and the temperature would be lower if mixed with the same 

temperature cold water.  

After POE teaching, the pretest/posttest results of SR, MR-C and MR-T tasks were 

significantly different; and the percentages of alternative conceptions in the posttest 

were less than the pretest. See Table 2. It showed that POE teaching was an effective 

strategy in conceptual change about the misconception related to intuitive rules. We 

could adopt intuitive rule to design test paper, and use POE teaching strategy to 

overcome the misconceptions of students. 

 

Table 2 

The t-test analysis of pretest/posttest of SR, MR-C and MR-T tasks (N=98) 

Tasks Mean SD t 

SR .776 1.374 5.588
**

 

MR-C .816 1.090 5.704
**

 

MR-T 1.143 1.753 6.455
**

 

**
p < .01 

 

There were five children still held alternative conceptions after the POE teaching. 

They proceeded to attend the POE individual interview and then took the Post-test 2. 

The results showed that all pupils had shifted alternative conceptions to formal 

scientific concepts by POE teaching/interview. The five students in the process of 

POE interview, they can find the conflict in idea, then arouse uncomfortable. When 

they can significant their misconception and then overcome it.  

 

CONCLUSIONS AND IMPLICATIONS 

Most pupils provided incorrect responses in line with the intuitive rules. So those 

intuitive rules could provide us to design the useful instrument to exam children’s 

alternative conceptions. Then the effective of POE teaching was showed in conceptual 

change. After POE teaching the students indeed overcome their misconceptions. 

These pupils would like to engage in conceptual change on account of reflecting their 

original concepts were insufficient. 

Strand 1 Learning science: Conceptual understanding

143



Even though still 5 children held alternative conceptions after teaching yet, but the 

strategy of POE interview could enhance conceptual change too. The POE interviews 

could promote the five pupils to reflect the POE teaching activities so that the 

interviews could awaken the concept and weaken the alternative conceptions affected 

by the intuitive rules. This study pointed out that the combination of the intuitive rules 

and POE teaching really provided an effective way to exam and to enhance 

conceptual change for students. Meanwhile, the POE interview also could enhance the 

conceptual change of the children if the conceptual changed still hadn’t occurred after 

the preliminary POE teaching. 
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Abstract: In order to describe natural phenomena, science develops sophisticated
models that use mathematical and formal languages which seem, and often are, very
far from common experience. When a phenomenon is not accessible to our senses, its
description is indirect and understanding can be difficult for those who are not trained
to understand the consequences of formal languages used by scientists. When one
succeed to obtain a direct visualization of a phenomenon inaccessible to senses, it is
possible to get a deeper understanding since a very effective channel of learning is
involved. A wider and more profound result in learning process can be obtained if the
physical system utilized for visualization enables direct interaction with the
phenomenon. From the infrared vision to cosmic rays, from the magnetic field to the
flow of energy, many phenomena can be suitable for building systems that allow
capturing a greater awareness of the physical world. Some examples of such systems
are given for relevant topics in physics and for mathematical tools. They were
designed for a summer school for students in the last years of high school or for
deepening laboratories addressed to talented students in secondary school, but with
some attention it is possible to adapt them to other cases like high school classes or
undergraduate students.

Keywords: Modelling Tools, Physics Education, Teaching Methods in Science

INTRODUCTION
Modelling plays a major role in scientific methodology and in providing an
explanation of some aspect of natural phenomena. A model gives a mental
representation of a phenomenon that can be visualized and shared with other people.
Since one of main purpose of science education is to disseminate the outcomes of
science, modelling is crucial in learning process (Gilbert, Boulter, & Elmer, 2000).
Visualization is an essential and unavoidable aspect of modelling for a deep
understanding of the relationship between the model and the phenomenon which it
describes (Gilbert & Jones, 2010).

Many topics in physics, as well as in other sciences, are inaccessible to our senses and
usually are modellized by using mental models. Sometimes however, it is possible to
create a model that allows a visualization of qualitatively and/or quantitatively
relevant issues in a direct way. Human knowledge is more profound and immediate if
it passes through the use of the senses. Among these, the sight is the most important
and utilized in today's society. Thus, if a model allows a direct visualization of
invisible aspects of nature, the learning process ca be easier and faster. In addition, the
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directness of the model can become a tool for analysis of some features of the
phenomenon and suggest relationships and unexpected behaviour allowing students to
have a full experience of the use of models in science.

Models used for complex topics often can be introduced and studied by a powerful
tool of modern science, i.e. the simulation. Even in science education this instrument
is used mainly because cheaper, but teaching with computerized simulations is not
straightforward (Murnane, 2002). Frequently it remains open the question of how the
results of the simulation are connected to reality and also when the model is simple in
its implementation, students may have the feeling of moving in an artificial context
because they have not enough technical competencies for distinguishing simulation
artefacts from genuine features of the model.

How do physicists use external visualization (Gilbert, 2010) in research?

The use of visualization in physics has been analyzed. The focus is put on the use of
visualization in modelling of complex phenomena and three different levels have been
identified in physics research.

Is it possible to improve the effectiveness of physics education by using the more
unusual of them? Which activities are useful in classroom practice?

Some attempt of investigating these issues have been realized within the National
Plan for Science Degree (Montalbano, 2012; Sassi, Chiefari, Lombardi & Testa,
2012) in a summer school of physics (Benedetti, Mariotti, Montalbano, & Porri, 2011;
Montalbano & Mariotti, 2013) and with deepening laboratory with few interested
students (Montalbano & Di Renzone, 2012). The pilot study was qualitative and
involved small groups of students from high school (15 - 18 years) in different times
and situations. Examples in the following topics have been examined: magnetic field
and mechanical systems, energy transport and transformations.

HOW PHYSICISTS USE VISUALIZATION
The first step was to analyze the external representations that physicists use in the
research. Mainly, it is possible to identify three different types of images that are
described below. In Table 1, the main characteristics of each type of external
representation, usually  utilized in physics, are summarized. Moreover, some example
for every use is indicated between figures in the following.

Table 1
Different types of external representations used in physics in scientific research.

Type Characteristics Examples

A

Images for summarizing a
model

Theor & Exp  info

Not in scale

Not interactive

No direct connection with a
physical system

fig. 1, fig. 2,

fig.4 (upper part)

fig. 5 (first on the
left)
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B

Images from computer
simulation

Can be in scale

Can be interactive

Theor hypoth & data

Connection is indirect and
depends on theor hyp & data

fig. 3,

fig. 5 (middle one)

C

Physical systems with a
direct and interactive
visualization of a
phenomenon

Visualization depends very
weakly from   hypothesis

In scale

Interactive

Direct connection with
physical system

fig. 4 (one below)

fig. 5 (on the right)

Images for summarizing a model
In these kind of images, much information is summarized, both theoretical and
experimental, but usually only in a qualitative way.

Figure 1. A schematic representations of cosmic rays (LNL website).

For example in fig. 1, cosmic rays are represented not in scale (since particles in the
showers have ultra relativistic velocity, all angles are much smaller than the ones
drawn; balloon experiment and Concorde are not in scale with mountains and  so on).

Figure 2. Ultracold atoms trapped in optical lattices (Inguscio, 2012).
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In fig. 2, atoms are trapped by coherent light from crossed laser beams. There is no
way of select five or more atoms, of course, this is only a visual way to show an
ordered trapping in space. Moreover, spatial and temporal coherence proper of a laser
beam are represented by mean of red rough strips which are in some sense remotely
reminiscent of the wave fronts of the electromagnetic potential.

These visualizations are no direct connected to a physical system but are useful for
summarising a model, outline which aspects are really important and which ones can
be neglected.

Images from computer simulation
An impressive number of images are produced by simulations like the one showed in
fig. 3 for a cosmic ray shower. They are very useful in research for testing hypotheses
and systems before a real proof in experiment. Computer graphics allows to interact
with this images and from this point of view they can be utilized in teaching and
learning science.

Figure 3. A cosmic ray shower simulations (AIRES Cosmic Ray Showers website).

The figure 3, for example, can be turned in 3D in every direction in such a way that
one can be aware of real cosmic ray’s spatial distribution comparing images with
different perspectives with the city’s map on the ground.

On the other side, students have a wide experience of virtual worlds, and often
identify simulation with a tool that can be used for create  situations very far from the
real world. Thus, usually simulations are not very effective in classroom practice.

Direct visualization of invisible phenomenon
The last type of visualization is performed by choosing a physical system that allow a
direct representation of the phenomenon, i.e. in scale and any change in the
parameters of the phenomenon corresponds to a change in the system. Thus, we
obtain a simulation realized by mean of a connect physical system. In this case the
visualization have no dependence from hypothesis and model that we are using for
describing the phenomenon.

Therefore, the external representation becomes a useful tool for studying a physical
process in a quantitative way. For example in fig. 4, optical trapping is summarized in
the upper images with different boundary conditions. In the lower ones, a systems of
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ultra cold atoms is trapped in different way showing the behavior predicted by the
model of the phenomenon.

Figure 4. Optical trapping: single-beam trap, crossed-beam trap, optical lattice ; the
model (upper) and a physical realization by mean of trapped ultracold atoms. The
images are formed by the photoemission in visible light (false color indicates light
intensity) and allows to measure directly how many atoms are trapped (Inguscio,
2012).

Another example is given in fig. 5, where it is showed the Anderson localization on a
lattice surface. In this case, a quantum behavior was foreseen, than investigated by
simulation and finally realized in laboratory.

Figure 5. Anderson localization: schematic model, simulation and realization in
laboratory visualized by an ultra cold gas (Inguscio, 2012).

EXAMPLES IN PHYSICS  EDUCATION
In order to clarify how visualization in physics lab can improve physics understanding
of complex phenomena, some physical systems were selected. Let us start with a very
known and versatile system: the oscilloscope.

A “trivial” example: the oscilloscope
A physical quantity (the electric potential V) is measured at different times and, by
means of a trigger, it is visualized as a function of time. The oscilloscope allows to
visualize directly  a wide range of physical quantities in function on time for many
systems (electric, electro mechanics, acoustics and so on) as soon as one physical
quantity, relevant for the description of the system, can be transduced into an electric
signal. Many research can be performed by using this device but it is widely utilized
in physics education too.
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Figure 6. On the display of oscilloscope the sound wave produces, by mean of a
sensor (a microphone), a signal that reproduces directly many wave features which
can be easily measured, such as frequency, period, intensity.

In fig. 6 it is shown like example a set-up for direct visualization in the case of sound
waves. In this way it is possible to study a pure sound or superposition of pure sound
(beats).

Magnetic field
On showing magnetic field by using magnetic flux
In physics education in order to construct a model, an important role for visualization
can be played for all phenomena which are not visible in the sense that we have no
biological sensor for detecting physical quantities that are relevant. This is the case for
magnetic or electric field.

In fig. 7, it is shown a sequence of pictures in which a magnet is falling inside a metal
tube. Eddy currents are produced by induction and the magnet is slowed in its falling.
The visualization of the magnet during the falling through a metal surface is always
very effective with students. The next step is to outline that the change in the green
sensor corresponds to variation of magnetic flux and then can be connected to
Faraday’s law.

Figure 7. The sequence allows to visualize a permanent magnet rolling and falling in
a metal tube by using magnetic field flux variation.

On showing magnetic field by using ferrofluid
Another very effective tool in electromagnetism is ferrofluid. This liquid is a colloidal
solution of ferromagnetic nanoparticles which have a superparamagnetic behavior.
Thus, in presence of a magnetic field the liquid changes its surface in order to follow
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the magnetic field lines. In many case this characteristic can be used in a learning path
on electromagnetism.

Spatial distribution. The more impressive use of ferrofluid is with ceramic magnet
(more strong than usual ones). In fig. 8, the spatial distribution of magnetic field
around magnet is shown. It is important to underline that this system allows to
visualize magnetic field lines in 3 dimensions.

Figure 8. Ferrofluid shows lines of magnetic field near a pole (left), lines between two
opposite poles (center) and in case of a dipole (right).

Multipoles. More complex situation can be investigated. Quadrupole (fig. 9) and
other multipole configurations can be constructed and studied (fig. 10).

In particular, it is possible to obtain situation with minimum that can be used for
discussing how can be obtained a stable configuration in a magnetic train for example.

Figure 9. Quadrupole and magnetic spatial distribution around it, visualized by  a
ferrofluid which shows a minimum  on the centre of a face.

Another interesting aspect is that student usually have no idea about different field
that a multipole can generate so trying to guess the spatial distribution can be a
challenging puzzle.

Figure 10. A dipole and other multipoles with 3 and 4 minimum point on upper
surface and a different behavior on the lateral sides.

Strand 1 Learning science: Conceptual understanding

151



Moreover, ceramic magnets can be  used  for constructing new multipoles easily by
assembling many of them, like showed in fig. 9 e 10 where cubic magnets are used.
An inquiry-based exploration on multipoles can be proposed by using cubic, spherical
and other shape magnets.

Ferromagnetic behavior Every situation in which a magnetic field changes or
appears or disappears can be useful for a better understanding of magnetic properties
of materials. In Fig. 11 a ferromagnetic bolt is examined.

Figure 11. A massive ceramic magnet and a ferromagnetic bolt before magnetization,
on the left, and after magnetization on the right, obtained by putting the magnet under
the becher. The blue plastic cup and the black rubber interposed between the magnet
and the becher are necessary for safety reason, since magnet and ferromagnetic bolt
mutually attract strongly.

Electromagnet. In this case the solenoid generate no magnetic field until electric
current is null. When current increases, ferrofluid allows to see a magnetic field more
and more intense as shown in the sequence of pictures in fig. 12.

Figure 12. An experiment with an electromagnet and ferrofluid. A solenoid (left) is
posed between the wooden blocks under the becher containing the ferrofluid. As soon
as the electric current increases, the ferrofluid shows the presence of a magnetic fields
more and more intense.

Energy transport  and transformations
Energy is one of more important concept in physics but it is always difficult to
visualize it. In the following some systems in which energy is transformed and studied
is proposed.
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Energy in a Shive wave machine
Shive wave machine consists of a set of equally spaced horizontal rods attached to a
square wire spine. Displacing a rod on one of the ends will cause a wave to propagate
across the machine. Torsion waves of the core wire translate into transverse waves.

Figure 13. A dynamic visualization of transport of energy by a wave.

In fig. 13, an electromechanical system generates a wave at the centre of the Shive
machine. The wave propagates from both sides carrying the energy transmitted to the
system. On the left of the wave interacts with a mechanical system that dissipates
energy into heat, allowing a continuous flow. On the right, the end of the machine is
fixed so it behaves as a wall that reflects the wave that overlapping to the incident one
creating a standing wave. Shive machine is very effective for encouraging students in
active learning (Montalbano & Di Renzone, 2012).

Another example is shown in fig. 14. For example, by coupling core wires of two
Shive wave machine with different rod lengths, an impulsive wave can be reflected
and transmitted through the discontinuity. Students can measure from captured
images all wave amplitudes and speeds and verify that energy is conserved.

Figure 14. On the left, a pulse from the left (top) and transmitted and reflected pulses
(below); on the right a pulse from the right (top) and transmitted and reflected pulses.
(Montalbano & Di Renzone, 2012).

Electromagnetic friction
Electromagnetic friction can be better understood by using an infrared video camera
as shown in fig. 15, where an infra red (IR) image gives thermal distribution in a
braking fin of a roller coaster train. Each time that a roller coaster train passes on the
braking fin the IR image shows a sudden heating, followed by a slow cooling. In this
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particular case the energy transformation is very rapid and the video is impressive and
can be used for starting a discussion on dissipation in different cases.

Figure 15. On the left, from the digital image it is possible to extract quantitative
measurements and time dependence, shown on the right (Pendrill, 2012; Pendrill,
Karlsteern, & Rodjegard, 2012).

RESULTS AND DISCUSSION
Almost all lab activities that can improve external visualization on complex and
invisible phenomena were tested in pilot experiences usually with few students in the
context of a summer school of physics or in optional laboratory. In order to clarify
how visualization in physics lab can improve physics understanding of complex
phenomena, the designing of activities in laboratory was focused on the possibility of
manipulating, interacting and changing parameters in the system in exam. The results
are summarized in Table 2.

Table 2
Lab activities which allows a direct and interactive visualization were tested in pilot
qualitative experiences

Lab activity Context Participants
n.

Participants
age

Evaluation

Sound waves on
oscilloscope
screen

optional lab 7 15-16 effective

Magnetic flux
optional lab

summer school
5 + 8 16-17 very effective

Magnetic

multi poles
proposal

Magnetic field
spatial
distribution

optional lab

summer school
5 + 8 16-17 very effective

Ferromagnetic
behavior

optional lab

summer school
5 + 8 16-17 very effective
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Electromagnet
optional lab

summer school
5 + 8 16-17 very effective

Energy transport

Shive machine

optional lab

(pre service
teachers)

6

10

16-17

25-40

very effective

very effective

Energy conserv.

Shive machine
optional lab 6 16-17 very effective

Electromagnetic
friction IR image proposal

Electromagnetic
dumping

optional lab

summer school
7 + 10 16-18 very effective

The last issue in the Table 2 was tested with high school students but it is very
interesting  like activity to be proposed in a lab for undergraduate  students. In fig. 16
the experimental set-up and two interesting function from the oscilloscope are shown.
For high school students a measure of dumping time was proposed, but undergraduate
student can modeling  the physical system and perform  a simulation that easily
reproduce the function on the screen.

Figure 16. Electromagnetic dumping: the experimental set-up on the left, time
dependence of the induced voltage across the coil on the right, for short (top) and long
time scales (bottom).

In conclusions, almost all activities  that allow a direct and interactive visualization of
complex phenomena seems to be very effective in favouring the learning process.

The next step will be to design learning paths that use these experiences in the lab in
order to integrate them in regular teaching in the classroom.
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Abstract: The purpose of this study is to evaluate the effect of investigative activities in 

virtual laboratory environments which combine concrete and abstract representations to the 

ability of students to comprehend simple and complex phenomena in the field of electric 

circuits. An inquiry-based teaching intervention was applied to 16-17 years old high school 

students. Thirty six students took part and were assigned to two conditions: 18 had access to a 

virtual laboratory environment with functional dynamically linked concrete and abstract 

representations of objects based on the relevant scientific model (AR approach) and 18 had 

access to the same virtual laboratory environment restricted only to functional concrete 

representations of objects (CR approach). Apart from this difference, both conditions used the 

same instructional method and materials. A pre-post instructional assessment scheme was 

used to evaluate the students’ conceptual evolution utilizing the Electric Circuits 

Understanding Tool (ECUT). The questions of the Tool were divided into two subgroups 

based on the complexity of the phenomena involved: questions regarding low level 

complexity phenomena and questions regarding high level complexity phenomena. An 

ANCOVA analysis of the results of the two approaches indicates that after instruction both 

groups show a similar improvement in comprehending simple phenomena in electric circuits. 

However, with regard to complex phenomena, the AR approach which used the virtual 

laboratory with both functional concrete and abstract representations of objects outperforms 

the CR approach which was restricted to the use of concrete representations of objects. From 

these findings we conjecture that in the field of electric circuits virtual environments utilizing 

dynamically linked concrete and abstract representations of objects may provide the necessary 

scaffolds for students to raise their level of understanding of phenomena with high degree of 

complexity. 

Keywords: conceptual understanding, electric circuits, virtual laboratories 

 

BACKGROUND, FRAMEWORK, AND PURPOSE 

A large number of research studies have shown that virtual laboratories, as educational 

environments utilized in teaching science by inquiry, are not inferior to their real counterparts 

with regard to conceptual understanding (Ruten et al., 2012). In a number of cases results 

indicate that the use of virtual laboratories may even outperform real laboratories when used 

in investigative activities (Finkelstein et al., 2005; Zacharia, 2007). One of the key features of 

virtual laboratory environments which real laboratories lack is the capacity to afford  multiple 

representations to present the simulated phenomena and the related scientific  models. The 

design features and the role of specific affordances of virtual laboratories in enhancing 

scientific understanding is under investigation (Mueller & Strohmeier, 2011). One open issue 

relates to the net effect of the fidelity of the representation to the effectiveness of teaching 

(Couture, 2004; Imhof et al., 2011) and whether both concrete and abstract representations of 
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concrete objects should be used in teaching conceptually rich topics, or their use increases the 

students’ cognitive load and may even inhibit learning (Ainsworth, 2006).  

 Our aim here is to study whether the engagement of students in investigative activities 

with a virtual laboratory environment, which presents electric circuits with dynamically 

linked concrete and abstract representations of concrete objects fully functional based on the 

relevant scientific model, can result in an enhanced understanding of simple and complex 

phenomena when compared to performing the same teaching intervention using the same 

virtual laboratory learning environment but being restricted to utilizing only concrete 

representations.  

 

RATIONALE  

In a virtual laboratory environment such as an electric circuit virtual laboratory, the virtual 

object representation can vary from a concrete representation with highly realistic virtual 

instruments to an abstract representation such as a schematic drawing of a circuit. The impact 

of the concreteness of the representation on the students’ conceptual evolution gain is still an 

open issue. A study of the effectiveness of the various representations might contribute 

significantly to understanding the differences reported in the results of various research 

studies concerning the effectiveness of virtual laboratories as an educational tool in science 

education.   

 Our approach draws on teaching science as inquiry (McDermott & Shaffer, 2002; 

Sadeh & Zion, 2009) involving students in guided experimental activities utilizing an open 

virtual laboratory environment with the capacity to provide dynamically linked abstract and 

concrete representations of objects. While carrying out the experimental activities, the 

students may be restricted to using only concrete representations, or be prompted to 

frequently switch between dynamically linked concrete and abstract representations. It is 

hypothesized by the present study that the students who use dynamically linked concrete and 

abstract representations when prompted to frequently switch between the two representations 

will benefit more and outperform the rest of the students who use only concrete 

representations.  

 

METHOD  

Instruction made use of the 3-dimensional virtual reality electric circuit laboratory of the 

Open Learning and Laboratory Environment (OLLE). OLLE is an open learning environment 

that supports doing science by open experimentation and investigation (Psillos et al. 2008). It 

is a multi-faceted virtual laboratory in the fields of Optics and Electricity developed in the 

Greek language. As its name suggests, it is an open virtual laboratory environment in which 

users construct the setup of their choice with fully and continuously functional virtual 

instruments.  

 Apart from the 3-dimensional virtual reality laboratory with navigation and rotation 

capabilities, zoom etc., OLLE provides its users with an additional space in the virtual lab, the 

model-space, which depicts a 2-dimensional symbolic representation of the real laboratory 

setup. In the electric circuits laboratory, model-space displays in real time the schematics of 

the circuit constructed by the user (Figure 1).  
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Figure 1.  The virtual laboratory of electric circuits with concrete and abstract (schematic) 

representation of the circuit elements 

 

 The teaching intervention took place in a high school in Greece with a sample 

consisting of 36 students, 16-17 years old. The students were randomly assigned to two 

approaches: 18 had access to a virtual laboratory environment with functional dynamically 

linked concrete and abstract representations of objects based on the relevant scientific model 

as shown in Figure 1 (AR approach) and 18 had access to the same virtual laboratory 

environment restricted only to concrete representations of objects like the objects on the 

bench shown in Figure 1 (CR approach). Both approaches used the same instructional method 

(teaching-by-inquiry) and material. Students had previously some familiarization in 

performing hands on and virtual experiments in introductory electricity with OLLE. 

Instruction involved seven units. The first unit dealt with Ohm’s law, the second and 

third units dealt with Kirchhoff’s two laws, while the fourth and the fifth unit studied the total 

resistance of resistors connected in series and in parallel. The last two units dealt with the heat 

produced by a resistor and the energy given to a circuit by a battery and spent by the elements 

of the circuit.  

The students worked in pairs and carried out all investigative activities guided by 

appropriately structured printed worksheets, which followed the Predict-Observe-Explain 

scheme (White & Gunstone, 1992). In the beginning the worksheets described an authentic 

everyday situation and asked the students to predict the outcome of a certain action. Then it 

instructed the students to perform an experiment in order to test their prediction and described 

the appropriate steps: discern the quantities which are relevant to  their experiment, decide on 

the circuit elements to use and their values (resistances etc), draw he schematics of the circuit 

to be constructed, add measuring instruments in the circuit, explain the experimental 

procedure to be followed, construct the appropriate virtual circuit, check the correctness by 

carefully inspecting the schematics of the circuit drawn and the circuit constructed, perform 

the virtual experiment, record the outcome, analyze the results, find the answer to the initial 

problem and reflect upon their initial prediction. So, after stating their initial  prediction, 

students were instructed to design and carry out relevant experiments to test their prediction, 

record the results, state their conclusions and compare them to their initial thoughts. Thus, 

Strand 1 Learning science: Conceptual understanding

159



through the worksheets the students were guided to design a proper circuit and an 

experimental procedure to answer the initial question, rather than being given explicitly the 

circuit to use and the experimental procedure to follow. Also, in the end the students are 

guided to discover themselves the appropriate laws from the results of their virtual 

experiments instead of being given the proper mathematical relations for verification. Special 

provision was taken to direct students of the AR approach to frequently interact with the 

model-space tool of OLLE. Throughout all this time the instructor was discretely observing 

their progress and helping them whenever needed. Instruction can thus be classified as guided 

inquiry according to the definition of the various types of inquiry of the U.S.A. National 

Research Council (National Research Council, 2000). 

 A pre-post test design was applied. The test was adopted from the Electric Circuits 

Understanding Tool (ECUT) developed and tried out with several samples in Greece 

(Keramidas & Psillos, 2004). It includes 30 items about various electric circuits with four 

True or False statements at each one (Figure 2). At each item the number of correct statements 

could vary from 0 to 4. The statements were based on possible alternative or true explanations 

and were independent of each other. The questions are testing the students’ conceptual 

understanding of the operation of electric circuits. They contain questions on the principles 

needed to construct an operational closed circuit, the laws governing the intensities of the 

currents flowing through the circuit elements, the voltages of these elements, the resistance of 

elements connected in series or in parallel and the energy used by bulbs which is shown 

through their brightness. 

 

Figure 2. Example of simple questions 

 

 The complexity of the items of the test were rated independently by two Science 

Education researchers and seventeen (17) were categorized as simple items (subtest Gs) and 

thirteen (13) as complex ones (subtest Gc). Following Olympiou, Zacharia & de Jong (2012) 

we relate complexity to “the number of concepts (abstract or concrete) that a student should 

consider when mentally constructing the underlying mechanism of a phenomenon”. Therefore 

an electric circuit with few elements is less complex than another one with more elements (the 

number of concepts increases as the number of the elements to be considered increases). 

Similarly, an electric circuit phenomenon involving only the intensity of the current through a 

bulb (resistor) is less complex than a phenomenon involving the light produced by the same 

bulb. In the examples shown in Figures 2 and 3, questions which involve up to only two bulbs 

and the current through them are considered as simple ones (Figure 2) and questions which 
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involve three bulbs or more and their current and voltages are considered complex ones 

(Figure 3). 

 

Figure 3. Example of complex questions 

 

 A student received two separate scores for each subtest scoring 0.25 points for each 

correctly marked True or False statement. The final score of a student for each of the subtests 

is the total number of points scored in the subtest adjusted to a 100-point scale.   

 Independent samples t-tests were performed comparing the pre-test scores of the two 

approaches  for both Gs and Gc subtests in order to determine whether the two approaches 

were comparable with regard to the students’ initial understanding. The pre- and post-test 

scores of each approach for both Gs and Gc were compared using paired samples t-tests in 

order to investigate the effect of the teaching-by-inquiry intervention on the students’ 

conceptual evolution. Finally, the post-test scores of the two approaches were compared with 

each other for both Gs and Gc using one-way ANCOVA to test for any differences. In the 

ANCOVA analysis the approach was used as a between-subjects factor and the students’ pre-

test scores were used as covariates.  

 

RESULTS 

Initially for the simple items the students in both groups had similar mean scores (29,74 and 

28,10 for CR and AR approach respectively) and similar standard deviations (10,57 and 8,44 

for CR and AR approach respectively), showing that a former domain knowledge existed, 

which was capable of supporting students in tackling simple problems with limited success. 

For the complex items both groups showed initially significantly lower scores (5,56 and 5,13 

for CR and AR approach respectively) with similar standard deviations (5,07 and 4,79 for CR 

and AR approach respectively) showing that the pre-existing field knowledge was inadequate 

to support students in complex situations.  

 After the intervention, for the simple items both groups show a significant and similar 

improvement with final mean scores of 80,72 and 83,33 and standard deviations of 8,13 and 

6,80 for the CR and AR approach respectively.  For the complex items however, the final 

mean scores of the CR approach are significantly lower than those of the AR approach (60,26 

and 81,62 for CR and AR approach respectively) with similar standard deviations (9,03 and 

7,65 for CR and AR approach respectively). 

 The independent samples t-tests showed that for both the simple and the complex 

items the two approaches did not differ with respect to their pre-test scores 

(psimple=0.632>0.05, pcomplex=0.805>0.05). The paired samples t-tests indicated an 
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improvement in student understanding for both approaches for both simple and complex items 

(p<0.001 for all comparisons).  

 For the simple items the ANCOVA analysis showed no effect of approach 

(p=0.453>0.05), no effect of the pre-test scores (p=0.342>0.05) and no effect of the 

interaction (p=0.764>0.05). For the complex items the ANCOVA analysis revealed a main 

effect of approach (p<0.001), no effect of the students’ pre-test scores (p=0.069>0.05) and no 

effect of the interaction (p=0.381>0.05). 

 

DISCUSSION, CONCLUSIONS AND IMPLICATIONS 

Our findings indicate that virtual environments when used in investigative activities may be 

effective in supporting students’ conceptual evolution gains when students’ are faced with 

both simple and complex phenomena in electric circuits. All students in both approaches 

benefited significantly from the teaching intervention and showed great field knowledge 

improvements. This is in accord with previous research studies on the effectiveness of virtual 

laboratories as educational environments in teaching electric circuits by inquiry 

(Taramopoulos et al., 2011).  

 In simple phenomena, such as studying the intensity of the current in circuits with a 

battery and up to two more elements, concrete representations of objects in the virtual 

laboratory seem to suffice for supporting conceptual improvement.  

 However, the picture changes when complex phenomena are studied, such as the 

intensity of the current in circuits with a battery and more than two other elements, or the 

brightness and voltage of bulbs. Here, the presence of both concrete and abstract 

representations of objects functioning based on the related scientific model seems to raise the 

students’ comprehension beyond what is achieved by the presence of concrete representations 

of objects alone. One explanation could be attributed to the fact that the simultaneous 

presence of functional interconnected concrete and abstract representations of objects may 

help students develop the ability to create stronger links between representations of the 

required  knowledge and to use effectively the most suitable representation whenever needed. 

This may result in the construction of a higher quality mental model by the student and thus 

facilitate a deeper understanding of the domain of electric circuits. 

 Our findings are in line with literature studies which show that students show 

increased problem-solving ability when teaching utilizes both realistic and abstract 

representations of electric circuits (Moreno et al., 2011), or use both concrete and abstract 

objects in optics (Olympiou et al., 2012). Clearly, further research is required to ascertain 

whether virtual learning environments presenting physical phenomena with objects with 

concrete and dynamically linked abstract representations may be effective tools for facilitating 

deeper understanding of physical phenomena, as has been found to be the case with electric 

circuits in the present study. 
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Abstract: The problems related to the formation of scientific concepts of 

stereochemistry have been widely discussed in the literature. Some researchers made an 

argument that the main difficulty in solving those problems resides in the three-

dimensional level of visualization. Others, however, argue that the learning problem is 

related to the fact that the topics in organic chemistry are introduced in a very arid way 

to students who cannot relate this ‘school science’ with their previous daily experiences. 

To analyse the conceptual understanding of higher education students on 

stereochemistry a group of six students received a blank sheet with an open question. 

After the student answered this question, we conducted interviews under the Think 

Aloud protocol. By analysing both the written material and the transcripts of the 

interviews, we noticed that none of the students mentioned any historical fact connected 

to the theme or to any experiences of their daily lives. There is an appreciation of 

aspects such as structure, geometry, molecular formula, and nomenclature. This reflects 

the thinking of Lima et al (2000) who claim "Teaching chemistry often has summarized 

the mathematical calculations and memorization of formulas and nomenclature of 

compounds". This understanding of stereochemistry based only on scientific concepts, 

can be one of the causes of learning difficulties often reported as commented previously 

corroborated by the aforementioned statement and Gabel (1993) which attributes the 

difficulties that beginners have to develop a conceptual understanding: Students cannot 

understand, "phenomena” that are not considered related to the student's everyday life. 

Keywords: stereochemistry, classroom observation, conceptual understanding, think 

aloud protocol. 

 

BACKGROUND AND FRAMEWORK 

Concepts of isomerism, molecular geometry, three dimensional structures, asymmetric 

carbon, absolute configuration, and chirality are addressed not only in disciplines of 

Organic Chemistry in high school, but as well in higher education. Moreover, in higher 

education the field of stereochemistry is not only a subject of study in chemistry courses, 

but also courses in Biology, Pharmacy, and others.  

The problems related to the formation of scientific concepts in stereochemistry have 

been widely discussed in the literature, and a consensus has been reached that the main 

difficulty in solving problems relies in three-dimensional level of visualization required 

to reason about the phenomena in the molecular level. Difficulty occurs since the ability 

to visualize three-dimensional aspects of molecules and their relations with other 

molecules is a considerable challenge (Wu & Shah, 2004; Kozma, Chin, Russel & Marx, 

2000). The complexity of problem solving at this level (Baker, George & Harding, 

1998) justifies the fact that, for some students, learning stereochemistry can be difficult 
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and sometimes traumatic (Kurbanoglu, Taskesenligil & Sozbilir, 2006). As a result, the 

weeks spent studying stereochemistry are somehow viewed as frustrating for students 

(Evans, 1963). Teaching stereochemistry is also a challenge for teachers, as well as to 

those trying to develop strategies that would facilitate the understanding of scientific 

concepts, as one must address the overall lack of motivation to study Chemistry itself. 

The complexity of the issue becomes even more evident when we study the early 

history of stereochemistry.  

 

The challenge of teaching stereochemistry 

The concept of chemical space (one of the original names of stereochemistry) for some 

scientists was considered a reverie, being violently criticized. Now, it is deservedly 

considered a key concept, without which modern chemistry would be almost 

inconceivable (Ramberg, 2003). The study of the molecule shape has been of such 

importance to science that it granted the Nobel Prize in Chemistry in 1975 to the two 

chemists who developed research in the area. The prize was divided equally between 

John Warcup Cornforth Croatian "for his work on the stereochemistry of enzyme-

catalyzed reactions" and Vladimir Prelog "for his research into the stereochemistry of 

organic molecules and reactions " (Nobel Prize, 2009). 

But, in the classroom, theses aspects not always are discussed, as Correia et al. (2008) 

commented, explaining the specific case of Organic Chemistry, the authors claim that it 

"is introduced so barren for students who cannot relate this school knowledge with 

previous experience" (2009, p.489). Naturally, seldom the teacher can use as a starting 

point the so called “everyday knowledge”. It would be startling to relate concepts like 

conformation, steric hindrance, plane of symmetry and chirality to the spontaneous 

knowledge of students. In this sense, the lack of student motivation seems to be related 

to the difficulty in dealing with abstract concepts and not related to their daily lives 

(Gabel, 1993).  

According to Lima and colleagues (2000) that "non-contextualization" may be the cause 

of the high level of rejection of Chemistry that naturally makes the process of teaching 

and learning somewhat more difficult. The concepts involved in learning 

stereochemistry are scientific concepts and in order to achieve a cognitive learning of 

this type of concept cognitive theories demand an action mediated through planned 

educational activities (Vygotsky, 1993). Santos and Mortimer (1999) discusses that  

teaching should be contextualized according to the social context considering the 

economic, social and cultural aspects of the classroom.  

But differences in approaches aside, it is important to clarify that even employing a 

contextualized approach to teaching chemistry, there are no guaranties that the classic 

problems of chemistry teaching will be solved (Chassot, 1993). In other words, relating 

scientific concepts to everyday phenomena of stereochemistry or even with historicity, 

does not guarantee success in solving problems teaching in the three-dimensional level. 

This relationship has the sole purpose of motivating students, since the knowledge that 

students bring to the classroom come mainly from his interpretation of the macroscopic 

world. Also, contextualization may help to break some paradigms associated with the 

level of rejection of learning Chemistry. It is necessary to demystify the image of 

chemistry as a dogma to avoid the idea of a science basically done by geniuses or 

something too farfetched (Loguercio et al., 2002). 
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RESEARCH QUESTION 

So, with the objective of elucidating more the problem of understanding 

stereochemistry comprehension by students, the research question that guided the data 

collection was: What is the conceptual understanding of stereochemistry of 

undergraduating students in Brazil? 

 

METHODOLOGICAL FRAMEWORK 

The methodology used in this work consisted of using two different instruments of data 

collecting: a) The Blank sheet protocol: sheets were distributed, as well as pencils and 

pens with different colors among the students. They were asked to write and use any 

sort of drawing to explain their own concept of Stereoisomerism and b) Think Aloud 

protocol: interviews focusing on the process used to complete the aforementioned task. 

Six students participated in the experiment, all of them under graduating in Chemistry, 

and all of them also who had attended the subjects related to that content at least once 

previously. The task asked in both instruments was: “Imagine that you are going to 

explain to another colleague what you know about isomerism. Feel free to write text, 

equations, formulas, drawings, tables, any way you want.” 

Upon completion of the tests, we conducted interviews based on technical Think Aloud 

(Cotton & Gresty, 2006). All interviews were videotaped for later analysis of verbal 

speech and gestures made during the reporting task execution in the role of representing 

the different isomers. 

 

RESULTS AND DISCUSSION 

The theme stereochemistry is not a new theme for the students analyzed. In the third 

year of secondary school the subject is approached, and we took care to choose a sample 

that had already taken the course Organic Chemistry also in their undergraduation. 

By analyzing both the written material as the transcripts of the interviews, we noted that 

none of the students mentioned any historical fact connected to the theme or any such 

related to their daily lives. There is an appreciation of aspects such as structure, 

geometry, molecular formula, nomenclature. This reflects the thinking of Lima et al. 

(2000) who claim that "Teaching chemistry often has summarized the mathematical 

calculations and memorization of formulas and nomenclature of compounds, without 

valuing the conceptual aspects." 

This understanding of stereochemistry based only on pure scientific concepts, can be 

one of the causes of learning difficulties often reported as commented previously 

corroborated by the statement and Gabel (1993) which attributes the difficulties that 

beginners have to develop a conceptual understanding: Students cannot understand, 

"phenomena” that were not considered related to the student's everyday life. 

During the interview, as asked how he designed the structure of the but-2-ene, whose 

molecular formula is C4H8, Student 1 focuses on explaining how to identify the 

phenomenon checking whether the two compounds have the same molecular formula. 

Student 1 remarked: “First we have to see if they are isomers, same molecular formulae, 

then you have to count element by element to see here, for example, look there is four 

carbons, six, seven, eight hydrogen and this one here also the cis and the trans.”  
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On the other hand Student 2 focuses on two possible connections of carbon, and even 

the geometry of the orbital configuration to start the identification of the isomers. He 

described how he usually analyzes a isomer:  

“It is like we always do in class, we always, the Teacher he always tells about 

the three bonding that there are between, existing in the carbon. From those 

three bonding we start to build the molecules, you know, I tried to explain 

those three bonding there would explain how it is each one of them. That 

linear is what makes two double bonding then it is in the plane, it has room 

for two more ligands, the triple has room for three more and the trigonal, that 

is a little more complex, it has two orbitals in the plane, one back and one 

forward.” 

Student 3 also analyzes the possibilities of connection of said carbon and use the name 

of the compound as starting point for designing the pairing structure. He said: 

I always start from the beginning, so to speak. The carbon is tetravalent, with 

four bonds. The oxygen is bivalent, hydrogen and halogens monovalent and 

nitrogen is trivalent. This is the essential, the basic that we have to start with. 

We got to know how many bondings the compound will make. And then, you 

got to put all this in building the structure. Here it was given the name of the 

compound then, from the name of the compound we know that there should 

be four carbons, for example, we can know the function, if it is an alcohol, an 

acid, ether, etc. Then we keep throwing, connecting carbon with carbon, we 

place a main chain and then we go placing the other elements till we 

complete the number of carbons in the molecular structure. And then there 

are compounds with the same molecular formulae, they have four carbons 

and six hydrogen, but what differs is how the chain is distributed. 

Student 2 after commenting how to build their isomers, explained how to identify them:  

Then besides this the formation of the cis and trans that always catches me, 

right… and of isomers that we learned till now that I know is that when two 

elements have the same shape, when they have the same shape and structure 

they are isomers.” 
 

Then the student ranked isomers correctly, but does not remember the characteristics of 

each:  
 This is the basic principle and then from that we categorized in three isomers 

in isolated diasteroisomers, enantiomers and constitutional isomers. Then to 

get to these three I cannot explain...” 

 

Student 1 explained stereoisomers using the term “optical isomer” and explains naming 

rules:  

 

“Here's the starting iodine, bromine, chlorine and hydrogen. Hence in order 

of priority is putting an exchange hydrogen R is clockwise and 

counterclockwise is S. In case this would be the part of optical isomerism. 

Then I put that usually a compound having optical isomerism and has the 

chiral carbon. Generally, it is not always, and not a rule that carbon is 

composed of four different ligands to be considered chiral carbon. That part 

we are seeing in the organic class. 

 

There is no clarity when the conceptual description of the division of isomerism, and 

also uses the Student 2 explain the term "optical isomer". 
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I wrote about what I remembered, I do not know precisely… Isomerism is the 

part of chemistry that studied compounds of the same molecular formula but 

different functions. There are several types of isomerism among them , 

isomerism and optical isomerism function . And I do not remember the other 

kinds that we had in the flowchart of organic types as follows to distinguish 

what type of isomerism that was. But I remembered basically what we said in 

both Organic I. 

 

It is important to mention that the term “optical isomerism” is considered by IUPAC an 

obsolete term and that the textbooks used in higher education, do not use this 

classification for isomers any longer. 

 

Considering the exposed above, it is possible to conclude that, even with all the freedom 

to explain the nature of Stereoisomerism, no students in our sample even mention 

applications, history, or the relevance of stereochemistry. That corroborates with the 

literature on the subject. We believe that an approach to scientific concepts related to 

everyday life can arouse students' interest by showing facts; a historical approach can 

provide an understanding of the dynamic nature of the development of stereochemistry, 

as well as scientific concepts in general, as being the result of a human construction, 

derived of a long work of many scientists. Worth to mention that the study of the 

historical process of the development of science shows the student that even well-

known scientists encountered difficulties and questions, so that the student realizes that 

there was a building path to arrive at the current state of scientific knowledge 

(Loguercio et al., 2002; Loguercio & Del Pino, 2006).  

 

FINAL CONSIDERATIONS 

Those are the preliminaries findings of this study: students focused on procedures and 

how to use mnemonic instruments to conceive isomers and draw them, without ever 

giving importance to historical aspects or day life connections. This research will 

further question the reason behind this neglect of historical or day-life knowledge when 

teaching chemistry by further analyzing textbooks. We aim at proposing a teaching unit 

for Stereochemistry; this time employing historical and daily concepts allied with the 

three-dimensional level of visualization to understand the whole phenomena of 

stereochemistry. 

 

REFERENCES 

Baker, R. W., George, A.V & Harding, M. M. (1998). Models and Molecules—A 

Workshop on Stereoisomers.  Journal of Chemical Education, 757, 853. 

 

Chassot, A. (1993). Catalisando transformações na Educação. (3 ed.), Editora Unijuí. 

Ijuí. 

Cotton, D. & Gresty, K. (2006). Reflecting on the think-aloud methods for evaluating e-

learning. British Journal of Educational Technology 37(1), 45-54. 

Correia, P. R. M.; Donner Jr., J. W. A. & Infante-Malachias, M. E. (2008). Concept 

mapping as a tool to break disciplinary boundaries: isomerism in biological systems. 

Ciência & Educação, 14(3),483. 

Strand 1 Learning science: Conceptual understanding

168



Evans, G. G. (1963). Stereochemistry in the Terminal Course. Journal of Chemical 

Education, 40, 438–440. 

 

Gabel, D. (1993). Use of the Particle Nature of Matter in Developing Conceptual 

Understanding, Journal of Chemical Education,70(3), 193. 

Kozma, R.; Chin, E.; Russell, J. & Marx, N. (2000). The Roles of Representations and 

Tools in the Chemistry Laboratory and Their Implications for Chemistry Learning 

Journal of the Learning Sciences,9(2), 105.                  

Kurbanoglu, N. I.; Taskesenligil, Y. & Sozbilir, M. (2006), Programmed instruction 

revisited: a study on teaching stereochemistry. Chemistry Education Research and 

Practice, 1, 13. 

 

Lima, J.F.L.; Pina, M.S.L.; Barbosa, R.M.N. & Jófili, Z.M.S. (2000). Contextualização 

no ensino de cinética química. Química Nova Na Escola, 11, 26. 

Loguercio, R. Q.; Souza, D.O & Del Pino, J. C. (2002). A Educação e o Livro didático. 

Educação, 48, 183. 

Loguercio, R. Q.; Souza, D.O & Del Pino, J. C. (2006). Contribuição da História e da 

Filosofia da Ciência para a construção do conhecimento científico em contextos de 

formação profissional da química. Acta Scientiae, v. 8(1), 67-77. 

 

Nobel Prize.  The Nobel Prize in Chemistry 1975: John Cornforth, Vladimir Prelog. 

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1975.  

Ramberg, P.J. (2003). Chemical structure, spatial arrangement: the early history of 

stereochemistry, 1874-1914 (pp. 87-109). Aldershot: Ashgate.  

Santos, W.L. & Mortimer, E.F(1999). A dimensão social do ensino de Química – Um 

estudo exploratório da visão de professores. II Encontro Nacional de pesquisa em 

Educação em Ciências.Valinhos. 

 

Vygotsky, L.S. (1993). Pensamento e linguagem. São Paulo: Martins Fontes. 

 

Wu, H.K. & Shah, P. (2004). Exploring visuospatial thinking in chemistry learning. 

Science Education, 88, 3, 465. 

 

Strand 1 Learning science: Conceptual understanding

169

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1975/speedread.html


FAVOURING THE UNDERSTANDING OF PARABOLIC 

MOTION IN A VIDEO BASED LABORATORY 
 

Louis Trudel
1
 and Abdeljalil Métioui

2
 

1
Université d’Ottawa 

2
Université du Québec à Montréal 

 

Abstract: The parabolic motion concept was chosen since it is linked with the vector 

nature of motion and it is likely that the students would harbour many alternative 

conceptions with it. Our research objective consists in evaluating the effect of a video 

based laboratory (VBL) on the high school students’ understanding of projectile motion. 

A test of understanding based on SOLO taxonomy was used to measure students’ 

understanding of parabolic motion in a repeated measures research design. A repeated 

measures analysis of variance shows that, during the implementation of the VBL, the 

pupils’ understanding of parabolic motion increased in a significant way. Finally, we 

conclude by specifying advantages and limits of our research, as well as 

recommendations for subsequent research. 

Key words: parabolic motion, computer assisted laboratory, learning sequence, secondary 

school; conceptual understanding 

 

 

INTRODUCTION  

The world of physics phenomena can be a complex and unpredictable environment for 

students. Students experience physical phenomena on a daily basis and naturally derive 

preconceptions about their interactions with these phenomena. Students develop common 

sense theories of the physical world that have proven time and time again to be 

satisfactory for their day-to-day experiences (Knight, 2004). However, students’ prior 

assumptions (often seen as misconceptions) are remarkably resistant to change and may 

hinder the instructional effectiveness as well as the development of scientific literacy 

(Knight, 2004) for two main reasons. Firstly, due to the complex nature of motion, 

students experience difficulty to construct strong conceptual understanding of the 

important differences between the key principles of kinematics: position or distance, 

velocity, acceleration, and time in one or more dimensions (Aguirre, 1988). These 

difficulties are compounded when they studied parabolic motion since it requires the 

understanding of the various motion concepts used in one dimensional kinematics and, on 

the top of that, how to combine them to understand properties of parabolic motion. 

Consider for example the case of objects launched by firing or the case of objects 

dropped from a moving carrier. In the first case, such as when a ball is given a horizontal 

speed while approaching a cliff, students think that the ball will travel horizontally for 

some time after going over the edge of the cliff before it begins to fall. In the second case, 

the belief that an object carried along possess no impetus and that upon release, will fall 

vertically, is shared by an important proportion of students (Dilbert, Karaman & 

Duzgun). These last authors could explain these misconceptions and others about 
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parabolic motion by what they call a naïve theory of motion which is strikingly similar to 

the medieval theory of impetus.   

Secondly, students harbour many misconceptions when it comes to graphical 

interpretation and representation. For them, graphs are seen as literal pictures of the 

situation and not as indicators of which type of motion is occurring. Students may also 

confuse the meaning of the slope of a line and the height of a point of the line (Beichner, 

1994). It requires a great deal of conceptual understanding to correctly interpret the 

graphical representation of an object’s position relative to time and translate that 

understanding to the correct representation of the object’s velocity relative to time as well 

as its acceleration relative to time graphs. These difficulties are compounded with 

parabolic motion which involved the consideration (and their combination) of the various 

kinematical quantities along the two components X and Y.  

However, a hint about how to proceed to explain our students the subtleties of the 

parabolic motion had already been proposed to us by Renaissance physicist Galileo 

Galilei. Instead of studying the parabolic motion as a whole as would have done his 

contemporaries, Galileo proceeded to separate the projectile motion into its main 

components the constant speed horizontal motion and the free fall motion. One must 

conclude then that the horizontal and vertical components of motion are independent and 

that the trajectory of a projectile thrown at a certain speed, is the combination of these 

two simpler motions (Knight, 2004). However, until recently, these cases about parabolic 

motion were the subject of demonstrations or cookbook laboratories since they require 

the use of complex equipment and lengthy calculations of speed and acceleration in the 

two coordinates X and Y.  

To overcome these difficulties in the understanding of parabolic motion and propose 

more genuine investigation of its properties, the use of technology would make easier the 

data collecting and analysis while supporting the student in his investigation (Jonassen, 

Strober, & Gottdenker, 2005). In this approach, called 'video-based laboratory' or VBL, 

the parabolic motion of objects are recorded as videos, treated by softwares allowing the 

measure of the horizontal and vertical positions of objects according to time, while these 

objects undergo various parabolic trajectories, and the organization of these data in tables 

and graphs. Such an approach has several advantages: 1) it allows the pupil to focus on 

the generation of hypotheses and the interpretation of results, two skills not much 

developed in traditional laboratories; 2) it allows the pupil to generate and to prove 

several hypotheses much faster, by making easier strategies of variation of parameters 

necessary for the formulation of hypotheses regarding the properties of parabolic motion; 

3) in physical situations where it is necessary to come back on the results of an 

experience to check the accuracy of the results obtained or possibly to change the original 

hypothesis, the VBL can allow the traditional laboratory to become iterative in spite of 

the school constraints with respect to time or equipment. In effect, it is often necessary 

for the pupil to come back on the results of an experience to study the reasons of the gap 

between his ideas and his experimental results, thus favouring conceptual change in 

sciences (Lin, 2007). 

Consequently, our research pursues two main goals. The first one is to design a learning 

sequence that takes into account the alternative conceptions of students on parabolic 

motion and allow them to verify their hypothesis in a video-based laboratory. The second 
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one is to evaluate the effect of such a strategy on the high school students’ understanding 

of parabolic motion. We will in the next section describe the conception and 

implementation of the VBL and in the following sections the methods used to evaluate its 

effect on students’ understanding of parabolic motion. 

 

CONCEPTION AND IMPLEMENTATION OF THE VIDEO-BASED 

LABORATORY 

As regards the activities of conceptual change of kinematics phenomena, we conceived 

them in order to study the characteristics of parabolic motion. To allow the pupils to work 

in small groups of four or five persons, we conceived a guide to supervise the steps of the 

pupils. The guide introduces two cases of parabolic motion to study different aspects of 

this type of motion. With respect to these two cases, the first one intends to have students 

focus on what happened when they compare the X component of constant speed motion 

with parabolic motion respectively. The second one asks the students to compare the Y 

component of motion of a ball in free fall and in parabolic motion.  

Describing the first case presented to students, two balls, say A and B, are released at the 

same time from the same height from the top of two parallel inclined planes so that, at the 

bottom of the inclined plane, they pursue their journey at the same constant speed on two 

horizontal tracks put on a table. Reaching the edge of the cliff of the table, one of the ball 

A follows through its motion on the same horizontal plane whereas the other ball B 

leaves the table undergoing a projectile motion. Describing the second case, one of the 

ball, say A, is thrown at constant speed on a horizontal track put on a table while the 

other ball, say B,  is suspended to an electromagnet. When ball A reaches the edge of the 

cliff of the table, it strikes a lever that induces the electromagnet to release ball B. Thus in 

the second case, ball A follows a projectile motion while ball B follows a free fall 

motion. For both two cases, the guide proposes students activities (questions, graphics to 

draw, etc.) which guide the modelling process of the pupils. The process of conceptual 

change is structured as a POE task (Prediction> Observation> Explanation) (Russell, 

Lucas & McRobbie, 2004).  

Every POE task takes place in the following way. For each case, the physical situation 

represented under a concrete form by a physical set-up is explained to the pupils in the 

guide. Questions linked to each of the two cases ask the student to predict what is going 

to arrive if experience is to be performed and to write their predictions in their notebook. 

Once written, they compare their predictions with their peers in small group discussions 

to reach a general agreement. Upon agreement, each group send their representative to 

present their predictions to the whole class. In this step, teacher acts as a facilitator, 

asking questions to get pupils clarify their ideas. Then, when all teams have presented 

their ideas, the teacher demonstrates the phenomenon in front of the pupils and records it 

under video form with the help of pupils’ volunteers. The video in then downloaded in 

USB keys that are distributed to each team.  

Before actually letting students proceed with the data collecting and analysis with their 

computer, the teacher draw their attention to the main features of the phenomena by 

viewing and replaying the actual experiment as shown in the video (cases 1 and 2 above). 

As such the observation of the real phenomena of parabolic motion demonstrated in front 
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of the students is important to help them identify the critical aspects of the experimental 

set up, before actually proceed to the data collecting and analysis, while mobilizing 

different learning modalities. Hence, the students could see for example in case 1 the two 

balls traveling together horizontally as well as hearing the unique sound of the two balls 

striking the wood board. The same can be said with respect to case 2 where students 

could see the two balls being at the same vertical positions at the same time or hitting the 

bottom.  

These videos are then transferred to USB keys and distributed to every team. Having 

inserted these sequences of pictures in the REGAVI
i
 software, the students of every team 

can then, with the aid of a cursor, take measures of the successive horizontal or vertical 

positions of the two balls according to time. These measures are automatically put in 

tables by REGAVI. Later, these tables can be transferred for analysis to the REGRESSI
ii
 

software (Durliat & Millet, 1991). This last software possesses functions allowing the 

pupil to produce different graphs of position and speed along both coordinate axis X and 

Y according to time. As such, REGRESSI makes easier the discovery of relations 

between variables by providing means to compare the adjustment of different curves 

(linear, quadratic, exponential, etc.) in gathered data. At last, the pupils try then to explain 

the gaps, if need be, between their predictions and their results. 

The role of the teacher in the VBL is to introduce activities to the pupils, to allocate roles 

to the pupils during small group discussions, to perform the demonstration of every case 

of motion in front of the pupils, to record these movements under video form and to 

distribute them to the pupils and, finally, to make easier exchanges between the pupils 

during whole class discussion. In order to do so, we planned a training period of two 

hours duration, conducted by the main researcher, where the two teachers could master 

the elements of the VBL and practice the skills to conduct discussions efficiently. As 

regards the adaptation of the approach to the schoolroom, both the main researcher and 

the teachers met, throughout research, to undertake adjustments requested according to 

the evolution of pupils’ understanding. Besides, two supplementary meetings prior to the 

implementation allowed the teachers to gain knowledge of the approach and the main 

researcher to add modifications in order to adapt the activities to the context of the school 

and to the characteristics of the pupils. 

Activities took place in the classroom of the physics teachers. It is to note that each 

physics teacher taught in the same class but at different times. Therefore, the following 

description is valid in either case. The classroom was suitable for our research, because it 

had several mobile tables that could be regrouped in small islets where the pupils could 

work in small teams. An interactive Smartboard situated in front of the classroom allows 

the teachers to present to their students demos that have been created in order to 

familiarize their students to the use of the software REGAVI and REGRESSI. A unique 

set up allowing the demonstration of the cases of motion was located at the back of the 

class on a long and fixed table at short distance from the islets. This last feature allows 

the teacher to let the various setups in position once they have been built so that they 

could be used the following day if needed to be.   
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METHODOLOGY 

Context and research protocol 

Our study consisted of two classes of 21 and 24 French-speaking pupils respectively, 

attending a physics course in a high school of the province of Ontario in Canada. These 

two classrooms were following an optional introductory course in physics at the 11th 

grade at a high school in the province of Ontario in Canada.  

The first group was composed mainly of students who have chosen a special orientation 

toward science offered by the school so that it is reasonable to assume that they were 

interested by science in general and physics in particular. The second group was 

composed of regular students and a small number of students with learning disabilities. 

The teacher of the first group was of femine gender and had five years of experience in 

teaching science. The teacher of the second group was of masculine gender and had 

twenty years of experience in teaching science and mathematics. Both teachers held 

bachelor degree in science and a teaching certificate in science teaching. 

 

Research took place at the beginning of the second semester. It is to note that the school 

where took place the research had adopted a calendar where lessons, which normally 

stretch over all school year, were condensed in one semester. Consequently, the lessons 

of the first semester differed from the lessons of the second semester. To study the 

implementation of the VBL, the main researcher held a research diary where he recorded 

his observations on the sequence of events, the critical details regarding the introduction 

of the VBL by the teacher, comments of the teacher in meetings with the main researcher, 

and links that the main researcher could establish between his observations and the 

theoretical framework of the present research (Altrichter & Holly, 2005). During the 

experimentation, the main researcher or one of his research assistants were present at 

each of the periods to observe the unfolding of the events and take the measures of 

pupils’ understanding. The main researcher or one of his assistants also played the role of 

monitor of laboratory, to solve the difficulties which may arise with the experimental set 

up or the use of data and analysis software by the pupils.  

The VBL described in the previous paragraph was implemented in the 11th grade physics 

course during four successive periods of one hour and quarter close to the beginning of 

the second semester, but after students have seen the motion in one dimension. In each of 

these periods, the pupils had to answer a question taken haphazardly in a bank of problem 

during the first five minutes of the period. Moreover, there were supplementary measures 

of understanding immediately before and after the implementation of the approach. 

During the period immediately preceding the beginning of research, fifteen minutes had 

been dedicated at the end of the period to introduce the research to pupils. It is to note 

that two weeks before the actual experiment, students has already experiment a similar 

strategy with two cases of constant motion (Trudel & Metioui, 2012). 

Data collection instruments 

To measure the evolution of understanding according to the number of periods dedicated 

to the use of the video based laboratory, we conceived a test of parabolic motion after a 

literature review on the subject according to SOLO taxonomy (Biggs & Collis, 1982). 

Indeed, to measure the level of understanding , Masters and Mislevy (1993) suggest, 
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firstly, that the test items contain a series of questions designed to reveal different ways 

of understanding of students and, secondly, that these ways of understanding are then 

compared to a framework that allows to order them. One type of items that meets the first 

criterion Master and Mislevy (1993) is called a super- item. A super item is constructed 

in two parts. The first part, called the core, involves the wording of a statement describing 

a situation involving some selected physical properties of parabolic motion. The second 

part is to write a series of questions in order to identify the different ways of 

understanding the students about the physical situation described in the core (Hattie & 

Purdie, 1998). Since our test covers parabolic motion, the core of each super -item 

involves different concepts of parabolic motion.  

Data analysis 

Since every pupil is measured at several occasions, conditions in which these 

measurements are taken may vary, that it is in the day of the week, the hour during day, 

etc. So, a student may not get the same result in answering questions of identical 

difficulty because he is tired or irritated during a particular occasion. In such a case, 

where the temporal dimension is important, the choice of an item response theory model 

(IRT model) must take into account the variations in the course of the time of the answers 

of the pupils. As such, the model with facets developed by Linacre (Bond & Fox, 2007) 

allows considering the influence of these different factors or 'facets' on the measure of 

understanding. To determine if the VBL had an effect on the understanding of the 

students, a repeated measures analysis of the variance was performed of the computed 

values by the IRT model. This analysis allows us to compare the results of the pupils 

between the different occasions of measure and to determine if one of these results differs 

significantly from the others. This comparison can take a specific form called contrast 

(Howell, 2008). To evaluate the effect of VBL on students’ understanding of projectile 

motion, it is necessary to determine if the increase of their understanding according to the 

number of periods of the implementation of the VBL is linear. As such, it is possible, 

with the aid of orthogonal polynomials to separate the contributions from the linear 

tendencies and higher polynomials (linear, quadratic, cubic, etc). Besides, these elements 

of variance being independent to each other, they can be separately tested (Howell, 

2008).  

 

PRESENTATION AND ANALYSIS OF THE RESULTS  
 

Results of group 1 

The figure 1 presents the average values, as computed by the IRT model used, of the 

understanding acquired by the students of group 1 at every time measure. By studying the 

figure 1, one must note that, although there are some variations, there is an upper linear 

trend of the understanding of the motion of projectile among students of group 1. The 

repeated measures variance analysis confirms that the positive linear tendency of group 1 

students’ understanding of projectiles is statistically significant (see Table 1). Moreover, 

we also notice the presence of a significant tendency of order 5 that may be explained by 

variations from day to day measurement.  
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Figure 1.  Evolution of average understanding of group 1 students 

 

Table 1  

 

Repeated measures variance analysis of group 1 students understanding with number of 

periods 

 
Source Contrast  df F  Power 

UNDERSTANDING Linear  1 15.540**  .963 

  Quadratic  1 .973  .156 

  Cubic  1 3.378  .417 

  Order 4  1 .003  .050 

  Order 5  1 16.186**  .969 

Error 
UNDERSTANDING 

 
Linear 

  
20 

 
(.526) 

   

  Quadratic  20 (2.815)    

  Cubic  20 (1.251)    

  Order 4  20 (2.482)    

  Order 5  20 (2.327)    
                 Note. Values included in parentheses represent mean square errors 

                 **p<0.01 

 

 

 

Time (number of periods)

654321

A
v
e
ra

g
e
 u

n
d
e
rs

ta
n
d
in

g
 (

lo
g
it
)

1.5

1.0

.5

0.0

-.5

-1.0

-1.5

Strand 1 Learning science: Conceptual understanding

176



Results of Group 2 

The figure average values of the understanding of projectiles acquired by the students of 

group 2 at every time measure follow, although some variations, an upper trend in a way 

similar to the group 1. Due to space limitation, the graph of these results won’t be shown 

here. Similarly, a repeated measures variance analysis confirms that the positive linear 

tendency of group 2 students’ understanding of projectiles is statistically significant (p< 

0.01). There is also a significant tendency of order 4 that may be explained by day to day 

variation (p<0.01).  

 

DISCUSSION AND CONCLUSION 

Our research is inspired by the constructivist approach, where the pupil constructs his 

knowledge by interacting with his environment. Given the difficulties pupils encountered 

in the physics course to gain conceptual understanding of kinematics concepts, we 

conceived a video-based laboratory (VBL), a specialized version of the usual computer-

assisted laboratory, allowing the pupils to generate and prove hypotheses with the help of 

data collection and analysis softwares while discussing in small groups about videos of 

objects in motion. The approach introduced here use the capacities of the computer so 

that the student can, from a common sense conception of properties of motion, of a 

qualitative nature, make the transition to a mathematical representation in the form of 

position-time and speed-time graphs in both coordinates X and Y. 

In our experiment, it appears that the visual-based laboratory had a significant impact on 

group 1 and 2 understanding. Although these results appear promising, one must note that 

the maximum value of understanding of students in group 1 does not exceed 1.5 logit for 

group 1 and 0.5 for group 2. According to the curve of probabilities of transition between 

SOLO levels, these results means that on average the students could not reach the 

relational level of SOLO taxonomy (Trudel, Parent, & Auger, 2008). One possible 

explanation would be, as suggested by one of the teacher, that the VBL used here did not 

include problem-solving activities that would have helped students make the links 

between their understanding of the properties of the phenomena studied in the VBL and 

the various contexts where these properties come into play. As such, the students stayed 

at the multi-structural level (SOLO taxonomy). Another possible explanation is that the 

variations observed are part of a regular pattern of conceptual development as 

exemplified by Granott (2002). 

Concerning the implementation of the VBL, the comments gathered at the end of 

research during interviews with the pupils and the teacher show that these activities were 

advantageous to the pupils in their understanding of the different aspects of parabolic 

motion. Some pupils appreciated the concrete character of activities which they preferred 

to lectures. In the same vein, they could make links with mathematical notions such as 

the production and the interpretation of Cartesian coordinates as well as the calculus of 

the slope of a line. Moreover they familiarize themselves with the use of data collection 

and analysis softwares in the physics laboratory. Besides, it seems that the presentation 

format of motion phenomena as demonstrations did not prevent the pupils from 

considering these activities as laboratories (Roth, McRobbie, Lucas, & Boutonné, 1997). 
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However, improvements remain to be made with respect to the tutorials aimed to 

familiarize pupils to the collection and analysis software, notably by increasing their 

easiness of use. In this respect, the teacher suggested to introduce the pupils in the 

handling of the softwares by giving them a prior training of around thirty minutes with 

the aid of a bank of activities already recorded under video. Perhaps one of the main 

obstacles to be overcome is the perception of the pupils regarding these activities. Indeed, 

the emphasis put on the discussion of hypotheses between pupils runs opposite to pupils’ 

conceptions of the role of laboratory in physics courses that mainly attempt to verify 

theories (Larochelle & Désautels, 2007). 

This study undertaken with two groups of students cannot pretend to formulate 

conclusions that can be generalized to all high school pupils. As a result, these 

conclusions have a speculative character and are to be considered in the light of the 

exploratory aim of our study. This research adopts the perspective that the usage of 

computer science in the physics laboratory is revolutionizing the education of this 

discipline. However, computer-assisted experimentation is too often dedicated to the 

technical side of the data collecting and organization in form of tables and graphs. This 

emphasis on the technical precision of measurements, in spite of his rigor, risks of 

making us forget that it is often necessary for the pupils to develop their qualitative 

reasoning as well as their quantitative counterpart. However, it is not a question of 

leaving out the mathematization of the properties of phenomena but to consider it only 

when the essential elements of problem are qualitatively understood by the pupils. 

Researches undertaken with several groups of pupils may help to confirm results obtained 

in the present study (Slavin, 2007). 

                                                 

NOTES 
i
 The REGAVI software allows data collection from a video of a moving object as an 

AVI file. This software contains functions for measuring successive positions of the 

object it organizes in tables. It is possible thereafter to transfer the data in the Regressi 

file for analysis (see the following site: 

www.micrelec.fr/equipelabo/pics_art/pdf/M0314G26.pdf • PDF file). 
ii
 The REGRESSI software performs Cartesian graphs of data transferred from collection 

software as Regavi. The Regressi software also contains functions to calculate new 

variables (speed, acceleration) and from measurements of position and time to find the 

best curve of a set of data points, etc. (Durliat & Millet, 1991). 
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Abstract: The international community of the researchers in didactics of the sciences is 

unanimous to specify that all didactic strategy development must take into account the 

conceptual complexity of the scientific models and the various conceptual representations of 

students. The present communication is about this last measure while describing, by means of 

qualitative research, the representations of high school students' in physics, relatively to the 

current source and the voltage source. Thus, we were able to verify some hypotheses with 

respect to the conceptual nature of their reasoning. The majority of students interrogated on 

situation-problems requiring the understanding of current and voltage sources constructed 

naive representations. They referred for the most part to an erroneous model that we will call 

the "model of the highway" where several currents can coexist independently from each other.   

Keywords: conceptual representation, source of current, qualitative research, high school 

student, physics 

 

INTRODUCTION 

The electric phenomena are interpreted using two fundamental concepts, both the concepts of 

current and voltage (difference of potential). The understanding of this duality forms the basis 

of learning and is necessary for an adequate performance in this field. However, numerous 

didactic studies from several countries have the tendency to show that the majority of the 

conceptual difficulties of pupils, with respect to the theory of the electric circuits, takes its 

source in the deficiency in the understanding of the notions of current and voltage. Our 

research belongs to that perspective and in the first section we will recall the results of 

previous research on representations of concepts of current and voltage. In the second section, 

we describe the methodology used in order to characterize the representations of high school 

students in physics class, in the particular case of sources of current and voltage; this will be 

followed by a description of the target population. Lastly, we will specify the results and the 

limits of this study, as much from the theoretical perspective as from the methodological one. 

 

THE REPRESENTATIONS OF THE CONCEPTS OF CURRENT AND 

VOLTAGE: REVIEWED OF THE LITERATURE  

The problem of the representations of the students, with regard to the concepts of current and 

voltage, was the subject of numerous researches (Küçüközer and Kocakülah, 2007; Métioui 

and Levasseur, 2011; Métioui, Brassard, Levasseur and Lavoie, 1996; Métioui and Trudel, 
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2012); Millar and King, 1993). A synthesis of these researches reveals that, according to most 

researches, the current and voltage have the following properties:  

 The current is energy.  

 A voltage is the intensity of the current strength.  

 A battery is a reservoir which dilapidated current as it crosses the different components 

in a circuit.  

 The modifications of a circuit only affect the components situated downstream 

(sequential model).  

 Every component of a circuit receives its part of the current so that some identical 

components receive and consume identical currents. 

 Currents flowing in resistors in series are equal; voltages across parallel resistors are 

equal. It follows that the current in parallel resistors must be different. 

These results put in light, according to us, an important fact. A considerable gap exists 

relatively between the explanatory models of the pupils with respect to the concepts of current 

and voltage and the ideas accepted by the scientific community. 

 

METHODOLOGY AND DESCRIPTION OF THE SAMPLE  

The representations are complex systems and as such are generally studied by means of 

qualitative research. Indeed, most authors specify that the representations are constructed from 

words or actions by the observed subjects. They are inferred, and that means one constructs 

from these observable demonstrations something that one doesn't understand fully, but that is 

necessary, in order to give an explanation of it. So we elaborated a written questionnaire (see 

annex A) in order to guide the student toward two problems whose solution calls on various 

aspects directly associated with the notions of the current and voltage sources. Let's note that 

the two retained questions presented neither great theoretical difficulties nor calculations, but 

they had been selected for their originality. These questions didn't come from manuals, as they 

were outside beaten trails, while staying simple and transposable to convenient situations. In 

other words, the elements of the problem were known of the pupil, but the situation presented 

was unusual, hence the pupil could not answer them mechanically. Thus, deprived of the 

opportunity to recall a memorized verbal argument or algorithm, the pupil had no other 

choices than to mobilize his conceptual structure to solve the problem. 

To clarify the representations of the students, following the distribution of the questionnaire, 

we have given to a certain number of these students, chosen through randomized sampling, an 

oral questionnaire (see annex B), to compare their answers with those that have emerged from 

the written questionnaire. In order to ensure the validity of the findings, we took into account 

two essential criteria, both the diversification of the sample and the saturation of the 

speeches. Thus, the written questionnaire had been presented to 168 students of three different 

high schools. As for the oral questionnaire, it had been distributed to 29 students in semi-

controlled interviews.  

Let's note that all students had previously taken a structural course on electric circuits and that 

they participated to this research on a voluntary basis. The length of the written questionnaire 
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was sixty minutes and about thirty minutes for the oral questionnaire. The written 

questionnaire had been validated by their professors who made us notice that our questions 

were formulated in an unusual way. Indeed, they mentioned that compared to the problems 

their students are accustomed to solve where the quantitative aspect is important, our problems 

were centered on qualitative analysis. However, they assured us that in theory, their students 

would be able to solve them.  

INTERPRETATION OF THE QUESTIONNAIRE WRITES 

The answers of the pupils have been regrouped by category because the same mistakes 

constantly come back. The results are presented according to the general diagram below: 

CATEGORY X:

Number of

the category
Typical answer

or description

of the category

Commentary

Y(Y1, Y2, Y3)

Collegiate

 

Analysis: question # 1 

This question (see annex A) has for objective to verify the pupil’s acquisition of the notion of 

ideal current source. Indeed, the pupil must note that there is not any change of the value of Vc 

since the current in the C1 capacitor won't be affected; the source of ideal current provides the 

same current, whatever the value of the equivalent resistance in series. 

The interpretation of the data of this question (#1) allowed us to identify five categories of 

answers as illustrated in table 1. 

 

Table 1 

Categorization (question # 1) 

Category I The loading time doubles or increases (false) 82 (33, 38, 12) 

Category II Good answer, erroneous or incomplete 

justification 

12 (5, 2, 5) 

Category III The loading time (or the discharging time) 

decreases (false) 

17 (9, 5, 4) 

Category IV No answer or a fuzzy answer 53 (29, 16, 6) 

Category V Good answer, adequate justification 

 

4 (1, 1, 2) 

 
 

The table 2 illustrated the hypothesis about the conceptual representations underlying each 

category: 
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Table 2 

Hypothesis about the conceptual representations (question # 1) 

Category  

Question 1 
Hypothesis about the conceptual 

representations 

(I) 
The loading time doubles or increases 

(false) 

One can ignore a source of current while 

considering it like a source of voltage. 

(II) 
Good answer erroneous  

or incomplete justification 

No explicit conceptual foundation. 

(III) 
The loading time (or the discharging 

time) decreases (false) 

Idem, Category I and supplementary mistake 

with respect to the loading rate. 

(IV) 
No answer or a fuzzy answer No hypothesis 

(V) 
Good answer (adequate justification) 

 

A source of current produces a constant current, 

whatever the circuit. 

Analysis: question # 2 

The objective of the question 2 was to determine if the pupil is aware that the presence of a 

source of current in a branch determines the current in this branch which is 2 mA. The last 

value of current in the branch implies that the tension at the boundary-mark of the resistance in 

common with the source of current has a value of 0,2 V (law of Kirchhoff on tensions) lower 

than the other (law of ohm), Va = 11,8 V.  

The interpretation of the content of this question (#2) allowed us to identify six categories of answers 

as illustrated in table 3.  

Table 3 

Categorization (question # 2)  

CATEGORY I The current in the resistance is not equal to 2 mA (false) 16 (6, 10, 0) 

CATEGORY II Adequate analysis (good answer) 54 (11, 24, 

29) 

CATEGORY III Fuzzy answers, without justification 36 (20, 12, 4) 

CATEGORY IV The source of current is a short circuit or an open circuit 

(false) 

31 (24, 6, 1) 

CATEGORY V Consider that the current in the resistance is 2 mA, but 

assimilates the difference of potential (d.p) of the 

resistance (200 mV) to the one of the source or apply 

the voltage Kirchhoff law inadequately. 

23 (13, 5, 5) 

CATEGORY VI Assimilate the circuit to an equivalent resistance whose 9 (2, 6, 1) 
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current would be 2 mA and deducts from it the 

difference of potential between the boundary-marks of 

the source. 

 

 

The table 4 illustrated the hypothesis about the conceptual representations underlying each 

category: 

 

Table 4 

Hypothesis about the conceptual representations (question # 2) 

Category (question # 2) Hypothesis about the conceptual representations 

(I) 
The current in the 

resistance is not equal to 

2 mA (false) 

The source of current is a component that provides the current; 

this current can be added to the one produced by the other 

sources. 

The current is in reference to a component (running between the 

boundary-marks of R) and don't necessarily apply to the whole 

branch. 

The arrow indicates the real sense of the current; therefore its 

orientation is not arbitrary. 

The source of current is not very different from a source of 

voltage since one uses a source of voltage precisely to provide a 

current. If one puts a source of current in the electric circuit, it is 

probably to get a supplementary current. Hence, one can add this 

current to the one already produced by the source of voltage. 

(II) 

Adequate analysis 

(good answer) 

The source of current possesses a high resistance, because the 

current is weak.  

The source of current is in fact a resistance.  

All components with two boundary-marks experience a tension 

between its boundary-marks and a current that crosses it; while 

dividing this tension by this current, one gets a quantity whose 

units are Ohms; this quantity is therefore the resistance. 

It is why the concept of resistance applies universally to all 

systems of components. 

(III) 

Fuzzy answers, 

without justification 

The source of current shares the total current and the total tension 

with the other components; the components that receive a lot of 

current also receive a lot of tension (the law of ohm shows indeed 

that the two are proportional). 

(IV) 
The source of current is 

a short circuit or an open 

circuit (false) 

The ideal source of current possesses a very high 

resistance. While applying Ohm’s law implicitly, one deducts 

that no current circulates in the source of current, which can 

appear paradoxical. But while replacing the source of current by 

an open circuit, one arrives to an answer. 

The source of current being an open circuit ("a tip of thread"), 
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there is no current, therefore no tension (indeed, by Ohm’s law, 

one knows that when there is no current, there is not any tension). 

The source of current being (or capable to be replaced by) a short 

circuit, it doesn't have any resistance; therefore the tension 

between its boundary-marks is zero. 

(V) 
Consider that the current 

in the resistance is 2 

mA, but assimilates the 

difference of potential 

(d.p) of the resistance 

(200 mV) to one of the 

source or apply the 

voltage Kirchhoff law 

inadequately 

 

A source of current is only an indicator of the current in a circuit 

and doesn't correspond to a component. 

 

(VI) 
Assimilate the circuit to 

an equivalent resistance 

whose current would be 

2 mA and deducts from 

it the difference of 

potential between the 

boundary-marks of the 

source 

A source corresponds to a resistance of which one can calculate 

the value with the help of Ohm’s law. 

 

 

INTERPRETATION OF THE ORAL QUESTIONNAIRE  

We asked the pupils to solve a simple problem concerning a source of tension in series with 

resistances and a source of current of 2 mA. While making some modifications to the 

resistances or to the source of tension, the pupil must realize that the current doesn't 

change. Unfortunately, the majority added merely a current of 2 mA, produces by the source 

of current, to the one that would be produced by the source of tension, calculated while 

applying the law of ohm ingenuously. 

A deep analysis of the set of the data of the oral questionnaire allowed us to put in evidence a 

set of conceptual difficulties that gives support to our interpretation of the data of the 

questionnaire: 

 In a circuit, every component has a role to play. The global functioning of the circuit is 

to certain degree the result of the contributions of each of the components. For 

example, a resistance serves to decrease the current, a battery to nourish a circuit while 

running and the current source (as its name indicates) serves to provide a part of the 

current. 
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 In the current source, a current I pass through and across its electric terminals there is a 

voltage V. Therefore, one can replace the current source by a resistor R whose value 

would be V/I, in accordance with Ohm's law. 

 The current sources are abstracts; they don't exist in reality. 

 The current sources are useless: It takes voltage to produce a current. 

We specified in our theoretical setting that the representations are of the objects of research 

constructed by the researchers in the interpretation of the speeches of the target populations 

and that they are complex. Otherwise, in this process of construction of the representations, 

the researcher cannot give truly an account of the wealth and the diversity of the conceptual 

structure of the learners.  

In spite of the inherent limits to the research process, we succeeded in putting in evidence a 

representation which allows the simultaneous cohabitation of several currents in a 

conductor. This erroneous representation ensues presumably form the application of the 

superposition theorem and from the analysis by mesh. This theorem, used to analyze linear 

circuits including several sources (of current and tension), stipulates that the total current will 

be equal to the sum of the partial currents, obtained while considering one source at a time and 

replacing the others by open circuits. The mistake of the pupil consists in lending an 

independent physical reality to the fictional partial currents by analogy to a freeway, which 

allows an independent circulation of several rows of vehicles as shown in the following 

figure. The total current is the algebraic sum of the I1 currents, I2, I3 and I4. 

I1

I2

I3

I4

Current I1

Current I2

Current I3

Current I4

Legend

 

Figure 1. The freeway model 

 

Here is an excerpt of the answers given by a pupil, illustrating this model: 

Q.1:  Calculate the current I, as shown in the figure. 

R:  I will calculate the current by Ohm’s law. 

Q:  How? 

R:  First, one computes the resistance, 100 ohms in parallel with 100 ohms that makes 

50 Ohms. 

Q:  Okay. 
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R:  That can be divided in two. Adding 50, that makes 100 ohms. 

Q:  After? 

R:  I equal V divided by R. Twelve volts divided by 100 ohms equal 120 mA. 

Q:  Then? 

R:  120 mA added to the source of current that you have in series. 

Q:  Why? 

R:  Because that adds itself. It is a circuit in series. 

Q.2:  If one doubles the battery, what will happen to the current? 

R:  It is going to be two times bigger. 

Q:  Why? 

R:  Because the resistance that leaves, the resistance is seen like two times less. It is two 

times smaller. 

Q:  If one doubles the tension, what will happen to the current? 

R:  One doubles the current. 

Q:  Why? 

R:  In more that by the formula one can see it. The law of ohm, I equal V on R. 

Q3. :  If one doubles the resistor of 50 Ohms, what will happen to the current? 

R:  It should lower. 

Q:  For what reason? 

R:  Because the resistor is bigger and again, according to Ohm’s law, the lower the current, 

the more the resistance goes up. 

Q.4:  If one inverts the poles of the battery, what will happen to the current? 

R:  The current changes direction and it comes to juxtapose itself with the source of current 

of 2 mA, which it would be necessary to subtract from the 120 mA that I calculated 

previously. 

CONCLUSION 

In the present research, we have succeeded to put in evidence a representation which dictates 

that several currents can coexist simultaneously in a conductive material. It is an erroneous 

interpretation resulting presumably from the theorem of superposition and the analysis by 

meshes. 

 The theorem used to analyze the linear circuits including several sources (of current and 

voltage), stipulate that the total current will be equal to the sum of the partial currents when 

taking into account one source at a time and when replacing the others by open circuits or 

short circuits. The mistake consists in lending an independent physical reality to the fictional 

partial currents as on a highway, which allows an independent circulation of several rows of 

vehicles.  
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ANNEX A 

WRITTEN QUESTIONNAIRE 

 

QUESTION 1 

In the following circuit, one opens the S1 

switch that was closed since one minute. Vc 

tension evolves in a certain manner. One 

redoes the same experience with a resistance 

of 5,5 KΩ. What is the tension difference 

Vc? 

S1
Va1 mA

2,75

100μF

 

  

 

 

 

QUESTION 2 

In the following circuit, the entry voltage 

being equal to 12 V, calculate the value of 

voltage Va between the boundary-marks of 

the source of current of 2 mA. Explain. 

100

2 mA

12V

Va

 
 

 

 

ANNEX B 

ORAL QUESTIONNAIRE 

 

I1

E = 12 V
2 mA

100

100  50



 
 

 

 

Question 1: Calculate the current I1, as shown 

in figure 1. 

Question 2: If one doubles the battery, what 

will happen to the current? 

Question 3: If one inverts the poles of the 

battery, what will happen to the current? 

Question 4: If one doubles the resistance of 50 

Ω, what will happen to the current?  
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Abstract: The main objective of this study is to present, in a first time, the impact of the 

laboratory activities on the scientific formation of the students. Then, we will present the 

results of a qualitative research on the conceptual representations of 169 students coming from 

three colleges, with respect to the principles of the electric instruments that are used to 

measure the electric current and tension. To this end, a paper-pencil questionnaire and a 

clinical interview were used to uncover their representations. The results showed that the 

majority of the students interviewed have difficulty to understand the underlying models that 

explain the workings of the above mentioned devices. 

Keywords: representation, electric instrument, current, voltage, student, technical college, 

qualitative research 
 

STATE OF THE QUESTION  

The conceptual representations of the students with regard to the electric concepts of current 

and voltage were the subject of intense activities of research (Cohen, Eylon and Ganiel, 1983; 

Millar & King, 1993; Millar & Beh, 1993; Métioui, Brassard, Levasseur & Lavoie, 1995; 

Guttwill, Frederiksen & White, 1999; Paatz, Ryder, Schwedes & Scott, 2004; Métioui, 

2012). However, the research on the representations of the students with regard to the 

instruments of measure of current and voltage were not the object of systematic survey, in 

spite of the central place that the instrumentation occupies in the teaching of 

electricity. However, we identified some studies on the impact of the laboratory manuals 

(especially in biology and chemistry) on the acquisition of the scientific method and its 

associated skills as well as the different epistemological conceptions shared among students 

(Métioui and Trudel, 2007). These studies indicate that an important proportion of students 

experience serious difficulties to construct the underlying explanatory models of the 

experiences achieved at the laboratory and that they are often satisfied with recording the 

measurements obtained, without being much concerned about the reality of these measures , as 

well as the acceptability of these these measures.  

In spite of the wealth of these works, one must note that the students’ conceptions with regard 

to the models used to explain the working of the instruments to measure the fundamental 

electric quantities (intensity of the current, electric tension, electric power, electric resistance, 

inductance and capacity) were not the subject of systematic survey, in spite of the central place 

that the instrumentation occupies in the teaching of electricity and electronics (Métioui & 

Trudel, 2008). 
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The present research appears in this perspective and aims to put in evidence the conceptual 

representations of students frequenting the technical colleges, with respect to the equivalent 

models of electric measure devices. This research tries to explicit their capacity of modeling 

and to understand the limits and the insufficiencies of the models that underlie the working of 

the electric devices of measure. This study especially concentrates on the ammeter and the 

voltmeter. In the following sections, we are going to specify the methodology used to 

characterize the conceptual representations of the students as well as the results of our 

experimentation.  

POPULATION AND METHODOLOGY 

In a qualitative research, the population studied is necessarily limited with respect to the 

number of the topics selected. However, in order to insure the variability of the representations 

and the validity of the findings, we generally took into account the two criteria admitted in this 

type of research, that is the diversification of the sample and the saturation of the answers. We 

worked with students registered in various representative schools in the technologies of the 

electricity and electronic in Quebec, in order to avoid that our findings apply only at a specific 

institution. The target population was composed of students coming from the electric 

engineering technologies in three colleges and they participated in this survey on a voluntary 

basis. The experimentation has been led in two stages: first of all, a paper-pencil questionnaire 

had been distributed to 169 students who had sixty (60) minutes to answer. Then, an 

individual semi-directive interview of about twenty minutes has been conducted with 32 

students chosen among our greater sample in order to target better the conceptual mistakes 

identified in the written problems.  

Construction of the written questionnaire  

We retained three problems (see annex A) to raise the veil on the notions of model and 

equivalence among the students of the professional college.  

Objective of the problem 1: This situation arises itself when one must measure a current and a 

tension, having ideal multimeters used as voltmeters, simultaneously but not as ammeters. The 

purpose of this question was to verify if the double role of a device (as a device, with respect 

to the point of view of the user and as component, with respect to the point of view of the 

circuit) will cause some difficulties to the students. The intensity of the current read by the 

ammeter is also the intensity of the current of the power supply; because the ideal voltmeter 

behaves like an open circuit, therefore the electric charges don't cross it, as we indicated 

previously. Thus, the common boundary-mark of the voltmeter is well on the boundary-mark 

of reference of the power supply, and the electric charges of IS intensity come out of the 

common boundary-mark of the ammeter, so that the polarities are respected. 

Objective of the problem 2: Let's note that all measurement process implies an interaction 

between the circuit under test and the device used. One has to model the measurement device 

to describe its behavior and its influence on the circuit under test. The circuit presented here is 

the one that has the most practical importance since it corresponds to the internal working of 

the modern numeric multimeter, used sometime as voltmeter (with a resistance of entry R 
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typically equal to 10 MΩ) or as ammeter (with a weak shunt resistance, whose value depends 

on the scale of the current intensity wanted). 

Objective of the problem 3: The expected answers relative to the parts A and B are the 

following: 

A.  Yes, because the circuit presents itself merely like a resistance for the ohmmeter. The 

portion "ideal voltmeter" doesn't disrupt in anything the resistor. 

B.  Yes, the voltmeter indicates the tension presently developed by the source imposing the 

current. Therefore, one can evaluate this source of reference (I1) since the resistance of 

the voltmeter is known because it is displayed by the ohmmeter:  

I1 = 1,032 V / Re = 0,105 μA = 0,105.10
-6

 A with Re = 9,81 MΩ. 

ANALYSIS OF THE DATA OF THE WRITEN QUESTIONNAIRE 

The analysis of the data with respect to each of the three problems of the written questionnaire 

will take place in two stages. First, we are going to regroup the answers [Total for the three 

years N = 169: N1 (First year) = 76; N2 (Second years) = 63; N3 (Third years) = 30] by 

category, because the same mistakes constantly come back. Then, we will analyze the set of 

the data, followed by the conceptual representations identified. 

Analysis of the data: problem 1 

The data of this problem permitted to identify eight answer categories (see table 1). These 

categories are described briefly and followed by an example of an answer of a student as 

illustrated in table 2. Then, percentages of answers for every year in college are provided. The 

analysis that follows will bring some information on some of these categories. 

Table 1 

Categories extracted of the problem 1 

CATEGORY INTERPRETATION % (c1, c2, c3)* 

I Correct answer (fig.1/Table 2) 6 (7, 5, 7) 

II Bad polarity of the ammeter (fig. 2/Table 2) 30 (14, 40,47) 

III The ammeter and the voltmeter are plugged in 

parallel (fig. 3) 

6 (0, 0,10) 

IV Ammeter short-circuited (fig. 4/Table 2) 3 (7, 1, 0) 

V Voltmeter short-circuited (fig. 5/Table 2) 3 (7, 1, 0) 

VI No answer  12     (30, 19,10) 

VII Incomplete answer  22 (20, 19,16) 

VIII Indecipherable answer (fig. 6/Table 2)  18 (15, 15,10) 

*(c1, c2, c3) are respectively the percentages of the first students, second and third years  
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Table 2  

Quelques exemples de branchements donnés par les étudiants 

A

V

Fig. 1

Power Load

 

A

V

Fig. 2

LoadPower

 

Power

Fig. 3

V

A

Load

 

A

Fig. 4

Power
V

Load

 
 

Fig. 5

Power

A

V Load

 
 

A

Fig. 6

LoadPower
V

 

 

The majority of the answers are classified in the VI categories (no answer), VII (incomplete 

answer) and VIII (indecipherable answer). It is surprising that there are as many students in 

these categories. Several hypotheses are possible: 

- They didn't understand the electric diagram. 

- The characterization task of the problem is completely new for them. 

- They are unable to take into account the disruption of the measure devices. 

The last hypothesis may be valid for some first year students, but surely not for those in 

second and third years. Indeed, the students in later years did more laboratories on the electric 

measures of the intensity and voltage in the context of more advanced courses in electricity 

and electronics. In spite of that, nearly half among them has the difficulty to plug an ammeter 

correctly (figure 2). 

The students classified in the III; IV and V categories encounter some difficulties to plug an 

ammeter and a voltmeter adequately. 

In the case of the first problem, we identified five conceptual representations: 

(1-1):  confusion between the internal resistance of an ammeter and a resistance of measure 

(shunt);  
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(1-2):  if the voltmeter is positioned before the ammeter, then it is not affected by this one 

(sequential reasoning);  

(1-3):  confusion between the notion of ideal and non ideal instrument;  

(1-4):  confusion at the level of the voltage concept;  

(1-5):  confusion between current and voltage. 

 

Analysis of the data: problem 2 

The answers that are too vague prevent us to draw a clear conclusion with respect to the nature 

of the difficulties. In spite of that, the analysis of the data permitted to discover six illustrated 

categories of answers in table 3. 

Table 3 

Categories extracted of the problem 2 

CATEGORY INTERPRETATION % (c1, c2, c3)* 

I Correct answer 0 (0, 0, 0) 

II No answer 20 (20, 18,10) 

III Indecipherable answer 23 (30, 36, 32) 

IV Incomplete answer 40 (32, 35, 35) 

V It is the value of the R resistor that makes  

the difference 

15 (18, 11,13) 

VI Application of the Ohm law to the boundary marks 

of  

the resistance and blockage 

2 (0, 0, 10) 

*(c1, c2, c3) are respectively the percentages of the first students, second and third years  

 

In the case of the problem 2, we identified three conceptual representations: 

(2-1): The nature of a device depends on the way it is used, that if it is plugged in series, it is 

an ammeter and if it is plugged in parallel, it is a voltmeter.  

(2-2): The degree of disruption of a device seems to be associated with the absolute value of 

the internal resistance instead of its relative value with respect to its context of use.  

(2-3): Confusion between the representation of a voltmeter in the proposed model and a 

movement of Arsonval or galvanometer that one uses to build a voltmeter or an 

ammeter. 
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 Analysis of the data: problem 3 

Analysis of the data: part A 

The analysis of the data permitted to identify four categories. These categories are presented in 

the table 4. 

Table 4 

Categories extracted of the problem 3 (Part A) 

CATEGORY INTERPRETATION % (c1, c2, c3)* 

I 

II 

III 

IV 

Correct answer 

Good conclusion, but erroneous justification 

No answer, incomplete answer or indecipherable  

Implicit or explicit refusal of the model proposed. One 

finds, for example, allusions to the battery that is 

inside the ohmmeter, and that lets believe that this one 

should behave like a source of tension. The functional 

models proposed in the problem are seen as unreal 

and they are rejected. 

5 

14 

37 

44 

 

(7, 5, 0) 

(17, 14, 7) 

(38, 41,30) 

(38, 38,63) 

*(c1, c2, c3) are respectively the percentages of the first students, second and third years 

Some answers formulated by students are illustrated below: 

"No, because a voltmeter it is like a tip of thread. It doesn't have a resistor. "(First year, 

Category IV) 

"No, because the efficient resistance of an ohmmeter is 0Ω because one plugs it in parallel, 

and it is not necessary that there is a big resistance so that the current passes easily (First year, 

Category IV)" 

"No, because this number appears too high according to me. Also, I cannot say why"(Second 

years, Category III). 

"No, because one never plugs in series a voltmeter"(Second years, Category III). 

"No, because the instruments have all their mistakes. Either absolute or relative"(Third years, 

Category III). 

"If the galvanometer is ideal, the measure is good; otherwise, the ohmmeter would measure 

the value of the internal resistance of the galvanometer (Re)"(Third years, Category II). 
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Analysis of the data: part B 

The analysis of the data allowed us to identify four categories. These categories are presented 

in table 5. 

Table 5 

Categories extracted of the problem 3 (Part B) 

CATEGORY INTERPRETATION % (c1, c2, c3)* 

I Correct answer 10 (7, 13, 7) 

II Refute the model, erroneous findings 15 (14, 18,10) 

III  Out topic, disjointed or indecipherable 60 (63, 57,60) 

IV The ohmmeter "clears" a tension 15 (16, 11,13) 

*(c1, c2, c3) are respectively the percentages of the first students, second and third years  

Some answers formulated by students are illustrated below. 

"Yes, because in the ohmmeter there are some batteries"(First years, Category IV). 

"These are good devices"(First year, Category III). 

"Yes, if it is not well adjusted"(Second years, Category III). 

"It is that it measures the voltage of the small source of the ohmmeter"(Second years, 

Category IV). 

"It is about the tension that the ohmmeter produces to take its measure"(Third years, Category 

IV) 

"If the voltmeter indicates 1,032 V, then the ohmmeter must indicate the same value, but it is 

necessary to interpret it as being in ohm." (Third years, Category III) 

As in the case of the previous problems, a majority of respondents encountered a certain 

number of difficulties to reason from the proposed models. The modelling and the equivalent 

representation do not seem to be t functional concepts at all.  

In the case of problem 3, we identified two conceptual representations:  

(3-1):  Association of the proposed model to a realization of elementary instruments from a 

movement of Arsonval (or galvanometer) with a battery and resistors. 

(3-2):  Association of the proposed model to a realization of elementary instrument from a 

movement of Arsonval (or galvanometer) and resistor shunt.  
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CONSTRUCTION OF THE QUESTIONNAIRE OF THE INDIVIDUAL 

INTERVIEWS 

We asked the students to solve two simple situations (see annex B). The first questioned the 

influence of a non ideal voltmeter on the measure of voltage of a circuit of high impedance. In 

this situation, the V1 voltage is also divided between the two electrical resistance of 10 MΩ, 

producing a voltage of 5 V shown on voltmeter readings; therefore, V1 = 10 V. Once device is 

disconnected, the intensity of the current will be zero in the external resistance of 10 MΩ, so 

that tension across its boundary-marks will be also zero. Therefore, one will measure 10 V 

between has and b. The second situation required to make a choice between two devices 

modulated in a different way but essentially equivalent. . The student had to ask some 

questions on the nature of the "dial"; the goal of the question was to see his reaction before the 

problem. In the device (b), one doesn't see the role of the resistance of 2 Ω, except possibly to 

adjust the resistance of the device. On the other hand, in the device (a), it acts obviously as 

resistance of shunt and determines the scale of the device.  

ANALYSIS OF THE DATA OF THE INDIVIDUAL INTERVIEWS 

First situation 

This question was well succeeded; the pupils applied the recipe known of the divider of 

tension, without taking into account the model of the voltmeter. Thus, 60% of the respondents 

mentioned the influence of the resistance of the voltmeter correctly on the measure 

obtained. Among those not answering adequately (40%), one identified three categories of 

answers: 

1. Voltage is the same with or without the device: this category let us suppose that one didn't 

assimilate the concept of disruption. 

2. Voltage is null: this category adheres to the prejudice "null current, tension is null."  

3. Voltage is equal to the source, but one cannot determine the value of it: this category doesn't 

seem to be able to conclude from the elements of the results, following a modification of 

circuit. The analysis of a circuit cannot conclude that from the knowledge of the elements 

the constituent. 

Second situation 

For this situation, the majority of the respondents chose the model implying some elements in 

series. They extrapolated the use of the device that one plugs, either in series for an ammeter, 

either in parallel for the voltmeter. Among those having chosen the model device by parallel 

elements, one can distinguish a transposition of the model proposed in a construction of 

constituted ammeter of a galvanometer and a resistance shunt of deviation.  
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POSSIBLE SOLUTION 

The teaching of the circuits and electronics should be inspired among others by the systemic 

approach that was developed exactly for complex systems. This approach essentially rests on 

the notion of model by opposition to the traditional approach that tries to explain the systems 

by their internal construction and by the infinitely small. In the case of the measure of the 

intensity of the voltage and resistance, this teaching must allow the students to construct the 

following conceptual representations: 

 An electric measurement device plays always two complementary roles: the one of a 

sensor that gives us an indication and the one of an ordinary component (often 

modelised by a resistance and a capacity in parallel) from the point of view of the 

circuit under test. 

 A measurement device can only measure what are presents at it's its boundary-marks, 

without any exception nor interpretation. The user interprets the result. Of the point of 

view of the circuit, a device of measure is only a component as the other. 

 To measure the current in a branch, one inserts an ammeter wherever in the branch, the 

common boundary-mark being on the side of the end of the branch. 

 To measure tension between two nodes, one plugs a voltmeter between these two nods, 

the common boundary-mark on the reference node of. 

 A voltmeter having to plugged between two nodes, it won't never disrupt the circuit 

under test if it acts like an open circuit, that is if its intensity of the current is zero or 

negligible. 

 An ammeter having to be inserted in a branch, for and on behalf of a conductor, won't 

disrupt the circuit under test if it acts himself as a conductor, which is if tension across 

its boundary-marks is negligible. 

 To represent an ammeter by a voltmeter plugged in parallel on a resistance of shunt (of 

known value). 

 The voltmeter behaves like a simple plain resistance (at least for slow signals), that an 

ohmmeter measures without any difficulty. 

 Most modern numeric ohmmeters possess an active circuit that produces a" stationary 

test current (of intensity more or less big according to the scale)." It is therefore normal 

to represent them by a source of current in parallel with a voltmeter. 

 An ohmmeter functions while submitting the component to a trial current, while 

measuring voltage across its boundary-marks and while displaying the report between 

the two. 
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CONCLUSION 

The use of instruments implies inevitably modeling. This research allowed us to note that the 

notion of model is practically inexistent among the majority of the students questioned. They 

confound model and internal construction. Their reasoning is very "materialistic" and they 

don't conceptualize the circuits.  The diversity of the technical tasks and the quick progression 

of the technology require a capacity of abstraction and more and more conceptualization. The 

technologist must establish conceptual ties between the different systems; he cannot refer 

constantly to the internal construction because it is too complex. The didactics of the theory of 

the circuits should be inspired by the systemic approach that was developed exactly for 

complex systems. This approach essentially rests on the notion of model by opposition to the 

analytic approach (or traditional) that tries to explain the systems by their internal construction 

and by the infinitely small.  
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ANNEX A 

WRITTEN QUESTIONNAIRE 
 

Problem 1: One wants to make to vary the current provided by the power supply under test 

and to measure the corresponding voltage; for it, one must plug an adjustable load (for 

example, a variable resistance).  

To do the measures, one has an ideal voltmeter and a no-ideal ammeter, as shown in the figure 

below. While completing the diagram, show how it is possible to connect all the circuit 

elements to get the ideal values of IS and VS simultaneously. Please comment. 

 

V

AI
S

V
S

POWER SUPPLY

UNDER TEST

ADJUSTABLE

LOAD

 
 

 

Problem 2: The ammeter and the voltmeter 

being very different devices, in a way 

contrary to each other, how could it be that 

one can use the same diagram, either a R 

resistance and an ideal voltmeter in parallel 

as shown ith the opposite figure, to represent: 

- a no-ideal voltmeter, 

- a no-ideal ammeter. 

V R

 

 

Problem 3: To measure the resistance of entry of a voltmeter, a technician plugs it directly on 

his ohmmeter. On the opposite schema, one sees the equivalent circuits of the two devices. 

A.  On the ohmmeter, the technician reads a value that sounds reasonable to him, such as 

9,81 MΩ. Do you believe that it is indeed the resistance of entry of the voltmeter? Why? 

B.  To his surprise, the voltmeter also indicates a value such as 1,032V. Can you draw 

information of these facts about the properties of the electric devices? 

 

Voltmmeter

V V

Ohmmeter

R
e

I
1
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ANNEX B 

ORAL QUESTIONNAIRE 
 

Situation 1 

Let's consider the circuit of the face below. Suppose the reading of the voltage between a and 

b is done with a voltmeter and indicates 5V, if one disconnects the voltmeter, what will the 

tension be between a and b? 
 

V

V1

a

b





 
 

Situation 2 

Let's consider the circuit of the face below. Which of the two devices (a) and (b) is the most 

suitable to measure the intensity of the current? 

 

(a)



(b)
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Abstract: Conceptual change from a classical to a quantum perspective is a 

challenging task for students. Basic concepts such as state and time evolution, already 

posing problematic issues in classical physics, require a different interpretation 

because of the redefinition of the concept of state, inextricably linked to fundamental 

features of new system behavior such as incompatibility between observables. Within 

an empirical research aimed at investigating connections between conceptual aspects 

and formalism emerging from student reasoning, we designed questionnaire items to 

explore how student describe time evolution of states, how they identify stationary 

states and how they use related concepts of eigenstate of an observable and 

incompatibility between observables in this process. Data gathering instruments were 

developed through a case study to collect student points of view on the relevant issue. 

For each aspect, at least two items were designed in order to cross-examine from 

different perspectives. Data analysis was organized following qualitative research 

methodology. The questionnaire was administered to a small group of students 

together with follow-up interviews. The study shows that most students link energy 

eigenstates to stationary states, but inverse implication doesn’t emerge with the same 

strength. The relation between energy eigenstates and those of different observables is 

clearly stated only when a commutator expression is identified by students. Energy 

eigenstates and their linear combinations are related to time invariance and time 

evolution in quantum mechanics in familiar-abstract context of infinite well, while 

uncertainties emerge in the crucial situation of scattering. Students answer as expected 

to questions concerning familiar tasks and contexts, but this doesn’t correspond to 

conceptual understanding of crucial elements under investigation. There is a need to 

build competence on critical reasoning. 

Keywords: university education, quantum mechanics, student’s conceptual 

understanding 

 

INTRODUCTION 

Learning quantum mechanics (QM) is a core and challenging task for physics 

students’ cultural and professional formation, because of the non-intuitive nature of 

fundamental concepts, whose meaning is strongly related to the formal structure of 

theory, a new way of thinking with respect to the classical perspective. Undergraduate 

student conceptualizations are often isolated mathematical deductions balancing 

precariously on one another (Johnston, Crawford, & Fletcher, 1998). Research shows 

that students develop survival strategies to perform reasonably well in the course 

work, which traditionally includes purely quantitative problems (Singh, 2008), but 

they struggle to build mental models and visual representations of fundamental 

concepts (Robertson & Kohnle, 2009), and to make qualitative inferences from 
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quantitative tools (Singh, Belloni, & Christian, 2006; Singh, 2008). A small, but 

growing number of studies on university student understanding of QM elicited a 

whole kaleidoscope of misconceptions, typical student errors, but the relation between 

student ideas on basic concepts such as quantum state and their interpretation of 

corresponding formal entities needs further exploration. This word describes an 

investigation on the way in which students address the concepts of state in connection 

with stationarity and unitary time evolution. 

 

THEORETICAL FRAMEWORK AND RESEARCH 

BACKGROUND 

The present study is conducted in the theoretical framework of the Model of 

Educational Reconstruction (MER), described e.g. in Duit, Gropengießer, and 

Kattmann (2005). Within MER, an essential step in planning an educational research 

is clarification and analysis of science content. To this purpose, an analysis of key 

publications and university textbooks on non-relativistic QM, as well as relevant 

educational research literature was performed.  

Although there is an ongoing debate on foundational issues (e.g. Bub, 1999), the 

standard treatment almost universally followed in textbooks and taught in quantum 

courses (Singh, 2008) employs the so called "orthodox position" (e.g. Griffiths, 2005). 

Consequently, the present investigation was planned from this standpoint. In the 

orthodox view, an observable is taken as having a determinate value on an individual 

system if its quantum state is an eigenstate of that observable. If the state is not en 

eigenstate of that observable, no determinate value is attributed to the observable 

(Bub, 1999). Measurement result is accounted for by state collapse, considered as 

distinct physical process. Leaving aside introduction to the theory, which is performed 

with different approaches in textbooks (Stefanel, 2008), the main basic content is 

represented by the treatment of the deeply intertwined concepts of state and 

observables and their formal representations. The concept of state in particular can be 

specified only in connection with a basis of eigenvectors of a set of commuting 

observables. Nevertheless, it is possible to introduce superposition without referring 

to the operator structure of observables. This can be done both in discrete vector 

formalism by connecting the state with a polarization property (e.g. Dirac, 1958) or a 

spin property (e.g. Townsend, 2000; McIntyre, Manogue, & Tate, 2012), and in 

continuous analytical formalism by connecting the state with a position wave function 

(e.g. Griffiths, 2005; Cohen-Tannoudji, Diu, & Laloë, 1993). Consequently, the 

formal treatment of relations between observables is often postponed in teaching, as 

in above-mentioned textbooks. Quantum state concept can thus be considered a 

starting point in the construction of quantum thinking. Its formal properties encode 

new elements of quantum behavior such as incompatibility, Schrödinger’s time 

evolution in the absence of measurement and measurement evolution. Therefore, the 

understanding of the correspondence between the properties of state formal entities 

and their physical meaning is needed from the very beginning. In general, conceptual 

understanding of QM requires the analysis of the link between physical meanings and 

mathematics, which is in turn an acquired language. This link is influenced by the 

different ways in which students cope with said structures. For these reasons, the 

change of perspective from classical to quantum theory rises significant issues in 

physics education research.  
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Among main results of educational research, the specific way in which physical 

information is encoded in quantum state formalism has been evidenced as a hurdle to 

student understanding. Widespread difficulties are related to the representational role 

of wave function (WF) and state vector (McKagan, Perkins, & Wieman, 2008), to its 

connection with observables and the specific function of Hamiltonian (Singh et al., 

2006), to unitary time evolution of state, where student resort to the use of naïve 

evolution mechanisms (Crouse, 2007). Nevertheless, the amount of publications on 

these topics is relatively small if compared to educational research on classical 

physics. Many aspects of quantum state properties and their connection to physical 

meaning, such as phase relation and coincidence between energy eigenstates and 

stationary states have been barely touched by research.  Moreover, student thinking on 

basic features of quantum state concept has been investigated only in specific 

contexts, as is the case of WF properties, explored for most part through stationary 

WF graphs in one-dimensional square potentials (e.g. Wittmann, Morgan, & Bao, 

2005; Singh & Zhu, 2009).  

As a result, the peculiar way in which physical information is encoded in QM state 

was identified as prerequisite to functional understanding of the theory and a crucial 

aspect to be investigated in this research. In particular, it is important to understand 

how above mentioned reasoning patterns are connected to those regarding basic 

features of quantum behavior, and related ways of thinking. This study requires a 

multi-perspective approach, in terms of familiarity with formalism in facing specific 

problems and of global-cultural understanding of specific QM behaviors. Here we 

report research results concerning how students address the concepts of stationarity 

and unitary time evolution of quantum state. 

 

RESEARCH QUESTIONS 

Among quantum behaviors, time evolution in the absence of measurement is a very 

complex subject, requiring understanding of the role of Hamiltonian operator and of 

its eigenstates in the dynamics of quantum state, the consequences of incompatibility 

between energy and other observables, as well as the consequences of Hamiltonian 

operator’s change depending on physical situation. In this multifaceted picture, 

student identification of stationary states with energy eigenstates is a primary pre-

requisite to understanding the connection between state and time evolution in QM, but 

has been barely addressed by research (Zhu & Singh, 2012). Eigenstate concept is 

linked to the new physical behavior of incompatibility between observables, 

representing a considerable perspective change with respect to definiteness of 

measurable properties in classical physics. Focusing on these basic aspects, we stated 

the following research questions: 

RQ1: what kinds of states do student identify as stationary and why? 

RQ2: what kind of global vision do student evidence on compatibility btw physical 

observables (position/momentum) and energy in one spatial dimension?  

RQ3: how do students relate energy eigenstates and their linear combinations to time 

invariance and time evolution in QM? 
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INSTRUMENTS AND METHODS 

The development of data-gathering instruments has gone through a pre-calibration 

stage to collect student perspectives, their ways of looking and their points of view. 

For this reason we designed a case study on core properties of WF including an open 

questionnaire, allowing students to choose approach, relevant aspects and allowing 

researchers to examine how these aspects are discussed by students. After the written 

questionnaire, individual follow-up interviews of 20 minutes each were scheduled, 

focusing on a pre-structured grid and on the discussion of questionnaire results. 

Research results are discussed in Michelini, Stefanel, and Zuccarini (2013).  

On the basis of content analysis and case study results, a comprehensive grid was 

elaborated, describing aspects to be included and contexts to be explored. The grid is 

organized in six sections: quantum behavior and domain of applicability of the theory 

and its formalism; physical information encoded in formal representations of state – at 

a point in time; physical information encoded in formal representations of state – time 

evolution; a time problem: understanding models for the analysis of 1-dimensional 

quantum scattering; interpreting and sketching and graphs; formal transposition of 

patterns of experimental data.  

The grid was used to structure a new questionnaire made up of 21 items and 

organized on three levels: cultural, qualitative-conceptual and formal (state vector, 

WF, potential graphs,      graphs). For each aspect, at least two items were designed 

in order to cross-examine it from different perspectives and representations. An 

interview protocol was then devised to deepen student reasoning on questionnaire 

items and crucial elements. The protocol is structured in two parts: first with rogersian 

method (Lumbelli, 1996), then by asking a stimulus question on student’s written 

answer and following the dynamical evolution of student reasoning path by means of 

reinforcing stimuli. 

A new case study was planned to finalize data gathering instruments and get 

preliminary results. Its results are here presented, and concern data gathered in three 

Italian universities, by administering the questionnaire to six volunteer 3
rd

 year 

physics students from Perugia (1), Calabria (4), Roma-La Sapienza (1). All 

participants had followed QM course and 4/6 passed the exam two months earlier in 

the same year. Students were given two-hour time to complete the questionnaire. Two 

of them were interviewed on each item, a third one on a selection of items.  

According to stated RQs, we focus on seven items: 

I1-I2 ask to identify possible relations between classes of states (eigenstates of 

different observables, stationary states). 

I3-I4 address time evolution of states in the context of the infinite well potential, 

starting from a graph of |ψ(x)|
2
 of an energy eigenstate (B12), and of a superposition 

of two energy eigenstates 

I5-I6 concern scattering from a barrier, requiring students to discuss time relations 

between incident, reflected, transmitted WF components, providing its analytical 

expression and graphical representation. 

I7 asks from a cultural-general perspective what elements characterize/identify 

quantum behavior. 

Written test and interviews were analyzed as a whole data set according to qualitative 

research methods (Erickson, 2012). Typical sentences and a-priori categories were 
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built by identification of crucial conceptual contents and literature analysis on 

difficulties in QM (for an example, see I2 results). Categories were revised on the 

basis of conceptual elements introduced by student answers. Emerging element 

clusters and coherence elements in student reasoning were identified, as well as 

concepts operating as cognitive organizers. Finally, answers were organized on the 

base of the grid. 

 

RESULTS 

Item I1 

 

Figure 1. Item I1. 

This question corresponds to a familiar conceptual task for students, faced during 

treatment of free particle, where coincidence between energy eigenstates and 

momentum eigenstates is usually highlighted by the lecturer and related to 

compatibility between energy and momentum. This concept is formally expressed 

through the commutation relation between the two observables           , or 

equivalently through the uniformity of the potential operator            . All 

students answer this question by looking through the properties of above mentioned 

formal elements. Three on six referring to commutator: 

S5: “In order to be common eigenstates           . Otherwise they are not” 

S6: “energy eigenstates are also momentum eigenstates if          (free particle)” 

S3: “only when energy and momentum operators commute”. 

Two refer instead to potential or position coordinates: 

S2: “yes, if no potential is present” 

S4: “Yes, if energy depends only on momentum and not on position coordinates” 

One to both: 

S1: “Not always, only if       ,          . Otherwise           
  

   
   ” 

All student answers are strictly related to the elements and words used in question, 

with a majority of them using commutator as conceptual reference. It is worth 

mentioning that only S6 explicitly adds a reference to “free particle”, i.e. the physical 

situation in which energy eigenstates coincide with momentum ones. 

 

 

 

 

 

In QM, are energy eigenstates also momentum eigenstates? Explain your 
reasoning 
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Item I2 

 

Figure 2. Item I2. 

This question deals essentially with three conceptual elements: the discrimination 

between energy and position eigenstates due to incompatibility between the two 

observables, the coincidence between energy eigenstates and stationary states, and 

superposition as a formal element of quantum state encoding the physical behavior of 

incompatibility and degeneracy. Typical sentences were elaborated on the basis of the 

scientific content: 

 

Figure 3. Conceptual map of relations between the three kinds of states listed in item 

I2  

Research literature has also been taken into account in expected answers, by adding 

the following common statements: “after position measurement, system gets ‘stuck’ 

in a position eigenstate”, “an eigenstate of a physical observable is a stationary state” 

(Zhu & Singh, 2012). 

Unlike item I1, a variety of positions emerges on the relations between energy 

eigenstates, their linear combinations and position eigenstates. For instance, S2 

includes among energy eigenstates also their linear combinations tout-court, without 

discriminating between degenerate and non-degenerate eigenvalues (“linear 

combinations of energy eigenstate are […] energy eigenstates”), while S5 states that 

position eigenstates can coincide with energy eigenstates under unspecified 

circumstances (“In some cases, position eigenstates are energy eigenstates too”). A 

clear discrimination between    eigenstate and    eigenstates is performed only when 

commutator is used as conceptual reference (S1, S6): 

S1:“position eigenstates can’t be eigenstates of H … they don’t commute because of 

   ” 

Consider the following kinds of state: 
• Position eigenstates 
• Linear combination of energy eigenstates 
• Stationary states 

Write the different relations which can be established between these different 
kinds of state 
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S6:“energy eigenstates aren’t position eigenstates            

As to the coincidence between energy eigenstates and stationary states, only S2 

recognizes that “the stationary eigenstates are energy eigenstates”. Other students 

recognize the stationarity of energy eigenstates, but inverse implication is rejected. 

Also eigenstates of position are interpreted as stationary, as well as eigenstates of 

other observables without further specifications: 

S5:“eigenstates of position can be stationary […] as energy eigenstates” 

S6:”energy eigenstates are stationary, but the contrary is not valid. Position 

eigenstates are stationary. Eigenstates of other operators can be stationary too“ 

S6’s case shows that identifying incompatibility between energy and position, and 

discriminating between energy and position eigenstates doesn’t assure the recognition 

of the implication “stationary states   energy eigenstates”. In other cases, such as S5, 

the identification of stationarity may be thwarted by failure to identify incompatibility 

of energy and position and thus discriminating between respective bases of 

eigenstates. 

Items I3-I4 

 

Figure 4. Items I3-I4. 

Time evolution of probabilities for energy eigenstates and its combinations in the 

context of infinite potential well corresponds, as free particle, to a frequently 

addressed topic in teaching practice at basic university level. These items are focused 

on the connection between energy eigenstates and their linear combinations to time 

invariance and time evolution in QM, in |ψ(x)|
2 

graphical representation. 

Students handle time evolution of a stationary state (I3) as expected, with significant 

argumentations displaying understanding of invariance in physical information 

encoded in a stationary state (5/6). See the following example: 

S2: “probability density of a stationary state doesn’t change in time 

The stationary behavior of energy eigenstates is explicitly highlighted: 

S5: “If it’s in an energy eigenstate, it should evolve in time in a unitary way and 

remain constant” 

Strand 1 Learning science: Conceptual understanding

210



S1: “When H doesn’t depend on t, energy is conserved. In this case an energy 

eigenstate is stationary” 

Concerning I4, distribution variation in time is described as proportional to cos[ΔEt/ħ] 

(S2, S3): “time evolution introduces a cos(ΔEt/ħ) factor”. In one case, the so called 

energy-time indetermination principle is invoked to justify evolution by enlargement 

of bell distribution: “Distribution tends to get larger because of indetermination 

principle” (S6).  

 

Figure 5. S3’s sketches in answer to items I3-I4. 

It is worth noting that only one student out of six actually tries to sketch distributions 

(see fig. 4), but without giving any comment and inconsistently with his written 

answers to items I3, I4. This is probably due to Italian teaching practice on QM, 

primarily relying on a formal description with a scant use graphical representation. 

Item I5-I6 

 

Figure 6. Short summary of items I5-I6’s text. 

As the former two items, these ones investigate how students relate energy eigenstates 

and their linear combinations to time invariance and time evolution in QM, but in a 

different context: the crucial situation of quantum scattering, both in a familiar way 

(plane wave description) and in a less familiar one (wave packet description). 

Four students on six recognize the stationary nature of plane wave description, but 

following different reasoning paths:  

 analysis of the time dependence in the formal expressions provided for the 

different component of the WF (S4: “the expressions of the 3 components of 

the WF don’t explicitly depend on time”);  

In the context of scattering from a barrier, these items ask to explain if  

   I5: incident, reflected, transmitted WF components in plane wave description 

refer to the state of the particle a) at the same instant, b) at all instants, c) at 

instants respectively preceding and following the interaction with the 

barrier. 

   I6: incident, reflected, transmitted wave packets in wave packet description 

refer to the state of the particle a) at the same instant, b) at all instants, c) at 

instants respectively preceding and following the interaction with the 

barrier. 

Potential graph and analytical expressions of potential and WF are provided. 
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 analysis of plane wave description from a probabilistic perspective (S3: “at 

every instant there is a probability to find the particle in the three regions”);  

 use of the general properties of plane wave model (S1: “plane waves are 

infinite in space and time”) 

 identification of the physical situation as a stationary one (S2: “it’s a stationary 

situation”). 

The other two students ascribe non-stationary nature to plane wave description 

because they focus on the scattering process (e.g. S5: “wave interacts with barrier, and 

only after is reflected and transmitted”). There is indeed a contradiction between the 

stationary nature of plane wave description and the time dependent nature of the 

relevant process. In the words of McKagan et al. (2008): “The language we use to 

describe tunneling is time-dependent. For example, we say that a particle approaches 

a barrier from the left, and then part of it is transmitted and part of it is reflected. This 

language is difficult to reconcile with a picture of a particle that is simultaneously 

incident, transmitted, and reflected, for all time”. For this reason, standard treatment 

of plane wave description of quantum scattering risks to be a “ritual of teaching 

practice”, in a derogatory sense (Viennot, 2008).  

More uncertainties emerge in I6, dealing with wave-packet description. As 

superposition of stationary states corresponding to different energy eigenvalues, a 

wave packet is non-stationary and is a more realistic description of scattering, but also 

more difficult on a formal level. Three students on six recognize the non-stationary 

nature of the description, only two of them with consistent reasoning: ”after 

interaction with barrier, the incident component disappear” (S3), ”wave packets have 

a spatial and temporal definition, because they are frequency distributions. First, the 

packet hits the barrier, then it’s transmitted” (S1). S6 instead states that: “energy 

distribution entails a distribution around a fixed time instant, because of 

indetermination principle”. He adopts the so-called indetermination principle time-

energy to decide about non-stationary situations, as he did in I4. For this student, 

time-energy indetermination relation is a hurdle to understanding of time evolution. 

The rest of the students answering this item handle the description as a stationary one 

(S2, S5). For instance: “incident, reflected, transmitted wave packets are to be 

considered related to the same instant or all instants because a frequency distribution 

of electrons gives us a complete spectrum” (S5). 

Item I7 

 

Figure 7. Item I7. 

This question is asked at a global/cultural level. In addressing this item, students look 

either at aspects characterizing the formal representation of quantum systems or at 

quantum behavior properly said. Two students mention aspects connected to the topic 

under investigation: Schrödinger equation as formal relation determining time 

evolution (S6: “a quantum state evolves in time according to Schrödinger equation”), 

and Hamiltonian operator as the key element in describing system properties 

(S1:”System Hamiltonian determines its features”). In general, it is possible to 

observe that, even when asked at cultural level, these students cope with the QM 

questions by looking through the properties of formal elements. 

What elements characterize/identify the quantum behavior of a system? 
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DISCUSSION AND CONCLUSION 

A research was conducted on university student understanding of quantum mechanics, 

focusing on the connection between properties of the formal representation of 

quantum state and their physical meaning. In this paper, results concerning time 

evolution are reported. By means of a clarification of content structure performed 

through an analysis of key publications and university textbooks on non-relativistic 

QM and, as well as of relevant educational research literature, following crucial 

elements were identified as prerequisite to understanding of time evolution: 

coincidence between energy eigenstates and stationary state, role of incompatibility to 

discriminate between stationary and non-stationary states, connection between 

stationarity and non stationarity respectively to time invariance and time evolution. 

On the basis of this analysis and of the results of a first case study, suitable research 

instruments were developed: within a 21 item multi-perspective questionnaire, 7 items 

were elaborated on stationarity and time-evolution. An interview protocol was 

devised to follow student reasoning path in depth. A further case study was conducted 

to finalize data-gathering instruments and get preliminary results. Data were gathered 

in three Italian universities, by administering the questionnaire to six volunteer 3
rd

 

year physics students from Perugia (1), Calabria (4); Roma-La Sapienza (1) and 

interviewing a subset of them. All participants had followed QM course and 4/6 

passed the exam two months earlier in the same year.  

Data analysis shows that students identify energy eigenstates as stationary states both 

in the familiar situation of infinite potential well (I3-I4) and in the qualitative-

conceptual question (I2). At the same time, also positions eigenstates and eigenstates 

of other observable are included among stationary states, possibly because of the 

failure to identify energy and position as incompatible observable. In one case, 

anyway, stationarity is ascribed to position eigenstates even when position and energy 

are recognized as incompatible. In another case, linear combinations of energy 

eigenstates are interpreted in general as energy eigenstates, and thus included among 

stationary states, showing issues with the concept of eigenstate and the physical 

meaning of superposition (RQ1). 

The discrimination between energy eigenstates and other eigenstates is resolved when 

students are able to exploit commutation relations commonly examined in textbooks, 

such as               . This tool is used by most in the familiar situation of 

comparison between eigenstates of    and   , only by a minority in case of    and    

(RQ2).  

Students relate energy eigenstates and their linear combinations respectively to time 

invariance and time evolution in the familiar situation of infinite potential well, while 

uncertainties emerge in the crucial context of scattering, especially when dealing with 

wave-packet model (RQ3). 

In general, students answer as expected to questions concerning familiar tasks and 

contexts, but this does not necessarily correspond to conceptual understanding of 

crucial elements under investigation. There is a need to build competence on critical 

reasoning, i.e. learning-to-think rather than teaching-to-know (Zoller, 2011). A 

correlation emerges between most issues on identification of stationary states, and 

ambiguity on concepts of eigenstate, incompatibility between observables and its 

formal encoding in superposition. It is necessary to discuss and deepen connections 

between incompatibility, operator structure of physical observables and time 

evolution in the absence of measurement. 
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Abstract: Cognitive linguistics and the notion of an embodied mind tell us that human 

understanding and language make extensive use of figurative (imaginative, schematic) 

structures. Such structures range from the small-scale gestalts known as image schemas 

all the way to the large-scale structures of story, narrative, and history. 

In this paper I will show how a pervasive medium-scale system—the gestalt of forces of 

nature—is structured in terms of image schemas and their metaphoric projections. This 

leads to the notion of agents (such as wind, water, earth, and fire) that are central ele-

ments of stories allowing us to give the phenomena in nature a narrative scientific form. 

These structures will be embedded in a feedback model of figurative structures ranging 

from small to large scales of experience. 

Starting with a story about the character (agent) of cold holding a wintery town in its 

grip, I will identify a list of image schematic elements and show how their metaphoric 

projection leads to fleshing out of the character of the force of cold. This includes 

logical reasoning about what the agent is capable of. If care is taken to differentiate the 

aspects of the gestalt of a force in the course of education, we can hope to foster a solid 

understanding of natural phenomena in a child by using stories that can slowly evolve 

into more formal narratives. 

The abstract structure of the gestalt of forces is a pervasive component of our concep-

tualization of social, psychological, and natural forces and forms the foundation of 

macroscopic physics. Therefore, the small to large-scale figurative structures used in a 

narrative approach to science for young learners are the same as those found in formal 

science. This observation allows me to claim that a science pedagogy based on figura-

tive narrative structures of the human mind prepares learners for later formal education 

in the sciences. 

 

Keywords: embodied mind, figurative structures, image schemas, metaphor, narrative, 

story, gestalt perception, forces of nature. 
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BACKGROUND AND OVERVIEW 

In this paper, I will present models of embodied figurative structures of human engage-

ment with and understanding of nature. These structures have been emerging during the 

construction of a novel dynamical theory of heat (Fuchs, 2010) and the development of 

a comprehensive primary school curriculum for Italy based on a narrative approach 

(Corni et al., 2012; Corni, 2013; Fuchs, 2011, 2013a).
1 

To prepare us for a concrete case 

to talk about, I will briefly review a story written for children in early primary school in 

Section 3 and show some figurative elements it is made up of. Application of the ideas 

outlined in this paper to formal science is discussed in Fuchs (2013b).
 

The main model presented here is one of figurative schematic structures (perceptual 

gestalts) at different scales and their feedback interactions (see Sections 2 and 4). Such 

structures range from small-scale gestalts known as image schemas (Johnson, 1987; 

Hampe, 2005) and force dynamic structures (Talmy, 2000), to the medium-scale gestalt 

of forces (Fuchs, 2006, 2011), all the way to the large-scale structure of story and nar-

rative (Mandler, 1984; Egan, 1986; Bruner, 1987) and beyond. The model (see Fig. 4 

below) suggests how the process of projection (Turner, 1996) leads to metaphors 

(Lakoff and Johnson, 1980) and higher order schemas (i.e., systems of metaphors such 

as agent and story schemas) whose inheritance leads to fleshing out of the larger scale 

gestalts. 

The interaction of structures at different scales explains the emergence of a narrative 

form of science as the conjunction of metaphoric projections of small-scale image sche-

mas and the human propensity to see agents at work that are given a stage in stories and 

narratives. I will demonstrate how a pervasive medium-scale system—the gestalt of 

forces of nature
2 

(Fuchs, 2006, 2011)—sits at the center of this figure building process 

of the human mind (Section 4). Forces lead to the notion of agents (such as wind, water, 

earth, and fire) that are active elements of stories and allow us to give the phenomena in 

nature and science a narrative form.
 

This point is important for science education. Research and development of narrative in 

science learning is largely confined to stories about science (the context of science, 

Klassen, 2006) and communication in the classroom (Kubli, 2001). In some limited 

cases—such as when we deal with singular and historical events in nature (i.e., evolu-

tion)—forms of narrative understanding may be useful for science itself (Norris et al., 

2005). The products of science—models and theories—however, are not generally con-

sidered narrative structures even though a large body of research shows how scientists 

and children use metaphor and analogy to create and/or understand nature and science 

(Gentner and Gentner, 1983; Gentner et al., 1997). In the end, science and narrative are 

two different natural kinds (Bruner, 1987). 

If we take the assumption of an embodied mind seriously, though, we should be able to 

see in what sense science itself makes use of figurative structures and is narrative at its 

core. Therefore, stories appear in a new light: they are instruments of good teaching and 

good learning in and of science (Section 5). The model discussed in this paper consti-

tutes the beginning of a generalized theory of schematic and narrative forms of science 

useful for education. 
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AN OVERVIEW OF STRUCTURES AT DIFFERENT SCALES 

Before I present and analyze a short Winter Story in the next section, I would like to 

briefly introduce the idea of figurative structures of the human mind at different scales. 

This is not necessarily self-evident since the structures I am speaking of are experiential 

gestalts—as such they are all fundamentally simple. Still, we know intuitively that our 

experiences happen at vastly different scales from the simple stumbling and regaining 

one’s balance to the hugely rich experience of living through a winter storm. 

One way to think of the embodied human mind is to call it a schematizing agent. When 

interacting with the environment, bodies with their brains create schemas of vastly dif-

ferent scales—from small to medium to large to very large. Our mind is adept at seeing 

different scales and creating hierarchies or networks from (sub-)structures. One such 

schema of schemas is the apparent hierarchy leading from image schemas through for-

ces to stories and collages (assemblies or groupings) of stories (Fig. 1).  

 

 

 

Figure 1. Representation of a hierarchical model of figurative structures of the human 

mind at various scales. Note that all entries refer to gestalts, not to particular entities 

(like a particular story). 

 

We all know stories without having to define them. Actually, despite their importance 

as a figure of mind, and despite all the interest they have generated among educators, a 

detailed and general model of stories is missing. We know that stories have their own 

structure (we may speak of a story schema or a narrative structure; Mandler, 1984; 

Bruner, 1987; but note that story structure in western societies is quite different from 

that of Native Americans; St. Clair, 2003). Also, we count myths as examples of stories, 

but we still cannot quite agree upon the question of what myths are and what their ori-

gins and uses are (Kirk, 1970; Nixon, 2010). For our purpose here, let me consider 

stories the explanatory narration of events and actions unfolding over time—meaning 

the narration of relatively large-scale phenomena: this places stories toward the larger-

scale end of the schema in Fig. 1. 
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Histories of an era or a people, or bodies of knowledge, are typically made up of a col-

lection of stories of various nature and size—I call the corresponding experiential 

gestalt a collage of stories. In other words, history or other bodies of knowledge have 

their own schematic structure. 

Stories are driven by characters or agents so we may look upon stories as made up of (a 

number of) interacting agents. The human mind sees forces at work—in the soul, in 

society, and in nature—and gives these forces the shape of powerful agents (Fuchs, 

2006, 2011). In the scheme of Fig. 1, forces are included as medium-scale structures. 

They constitute some of the most important elements of stories. 

Forces have their own structure. We will go into this in more detail below (see Section 

4). In brief, much of the structure of forces of nature (or the psyche or society) is created 

by the metaphoric projection of image schemas. Put in different words, forces are con-

ceptualized as groups (systems) of basic conceptual metaphors. 

 

A WINTER STORY: NARRATIVE AND SCIENCE 

To make the following discussion of models more practical and concrete, let me quickly 

recount a story that was written for children in early primary school (Fuchs, 2011). 

Winter approaches in the town of Little Hollow and we hear about what the cold of 

Winter does to nature, to the homes people live in, and to the people themselves—and 

how cold is finally driven out of Little Hollow by Spring. 

If we analyze this story about the character (agent) of cold holding a wintery town in its 

grip, we can identify a list of image schematic elements and show how their metaphoric 

projection leads to fleshing out of the character or agent of the force of cold (Table 1). 

This includes logical reasoning about what the agent is capable of (figurative thought is 

the mother of formal logic).  

There are three fundamental schemas that structure forces: intensity, object or (fluid) 

substance, and power. Intensity follows directly from a polarity—typically as the differ-

ence of two values along the scale of the polarity. Note that the SCALE schema is turned 

into a vertical scale (such as when the nominalizing concept of temperature emerges): 

the structuring of intensity is derived from the image schema of verticality (see Amin, 

2001). OBJECT and SUBSTANCE are image schemas, and POWER is structured in terms of 

the gestalt of direct manipulation (Lakoff and Johnson, 1980) that includes the notion of 

agent, patient, and energy.  

There are subsidiary schemas not listed here such as CONTAINER, PATH, BALANCE, 

PROCESS, LETTING, BLOCKING, RESISTING, FLOW, etc. that are used to build the logic in 

the relations between the basic schemas of intensity, quantity, and power. To give a 

couple of examples, quantities flow into and out of containers and are also stored there. 

More of the stored quantity will lead to a higher intensity of that quantity in the store. A 

flow of a quantity is driven by a difference of intensities and hindered by a resistance. 

The logic of the gestalts of image schemas is transferred by metaphoric projection onto 

the desired targets: the agents of the forces of fluids, electricity, heat, motion, and sub-

stances. Since the different phenomena are structured in the same manner, they appear 

similar to the (conscious) mind and thus allow for the application of analogical reason-

ing in the form of structure mapping (Gentner, 1983; Fuchs, 2006). 
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Table 1 

Metaphors for Cold in a Winter Story 

METAPHORS LINGUISTIC METAPHORIC 

EXPRESSIONS 

(THE DEGREE OF) COLD IS A 

THERMAL LANDSCAPE 

And it got colder and colder as the winter grew 

stronger. The temperature fell and fell. 

When it had become terribly cold and the 

temperature was very, very low… 

COLD IS A (FLUID) (MOVING) 

SUBSTANCE/OBJECT 

 

The cold found its way into the area and spread 

out. 

It could flow into the hollow… it could collect 

there… 

The cold could sneak in through tiny cracks 

between walls and windows… 

COLD IS A POWERFUL AGENT 

(MOVING FORCE) 

The cold of winter knew a good place where it 

could do its job of making everything and 

everybody cold… 

It went into the snow lying on the ground to 

make it very cold as well and this made the 

snow drier and harder to work with. 

The fires in the furnaces had to work very hard 

to fight the cold. 

 

Note that there is a larger-scale schematic structure in the story—namely, the story 

schema that introduces the notion of events unfolding over time. It gives stories their 

distinctive form and character. It is clearly present in the Winter Story. 

 

GENERATION OF NARRATIVES OF FORCES OF NATURE 

In the hierarchical schema of figurative structures in Fig. 1, there are at least two steps 

to be taken from image schemas to narrative. These steps are more like interactions—

influences going both ways—creating feedback structures. Some of these interactions 

will be fleshed out in this section. 

From Image Schemas to Forces of Nature 

In Section 3, we saw important elements of the interaction between image schemas and 

the gestalt of a force. Details discussed there are represented graphically in Fig. 2. Meta-

phoric projection leads to a process of gestalt structuring (Taverniers, 2002)—namely, 

the structuring of the gestalt of the force of cold in terms of metaphors
3 

such as the 

DEGREE OF COLD IS A VERTICAL SCALE (or more generally, a thermal landscape), COLD IS 

A FLUID SUBSTANCE, COLD IS A POWERFUL AGENT, etc.. These metaphors result from the 

metaphoric projection of image schemas onto aspects of the gestalt of a force. 
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Figure 2. Metaphoric projection of the schemas of polarity (scale), quantity or size, 

force, etc., leads to the structuring (conceptualizing) of the gestalt of a force. Note that 

the schemas of scale and of quantity are related by a figure-ground reversal process. 

Stories are fleshed-out narratives of one or several forces interacting and leading to 

events and action. While stories have their own overall story-schema, the schema of 

characters created by the gestalt structuring of forces gives them life. 

 

From Forces to Stories to Forces 

To arrive at stories from image schemas, a second interaction between levels is re-

quired, this time between forces and stories (Fig. 3). The simple answer as to the nature 

of the relationship between these levels is this: Since stories are explanatory narratives 

of events unfolding over time and leading to change, we see them made up of agents 

which cause these events and changes. Put differently, stories not only have a story-

schema, they are also structured in terms of the nature of agents that follow their own 

character schema. 

This answer is too simple because it explains the relationship between forces (agents) 

and stories as a unidirectional building of the larger-scale from the smaller-scale struc-

ture. It appears quite reasonable, however, to assume that there is a feedback—that the 

perception (hearing, reading) of a story influences the perception of forces (of nature, 

society, or the psyche). The act of perception of forces through stories rather than 

directly in an organism interacting with its environment, enlists additional image sche-

mas for metaphoric projection such as SOURCE-PATH-GOAL, PROCESS, or CYCLE.
4 

These 

influences upon our conceptualizing of forces were not included in Fig. 2. Including 

them now in Fig. 3 leads to a better understanding of an even richer gestalt of forces 

than was evident before. 
 

Moreover, as shown on the left of Fig. 3, the story schema enlists image schemas for its 

own structure. This means we are confronted with a projection spanning two levels in 

the model of structures at different scales (Fig. 1). 
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Figure 3. A story is defined as the narration of an event that unfolds over time and leads 

to change. The interaction between forces (agents, characters) and stories reveals the 

importance of feedbacks: larger-scale structures are not just assembled from smaller 

building blocks; they give the smaller-scale elements their character through the process 

of perceptual analysis that enlists suitable (image) schemas. 

 

The feedback-cycle from story to force and back to story describes an act of learning 

through stories and is an important element of education. The dividing line in Figs. 2 

and 3 between the level of forces and that of story (which I labeled conscious/uncon-

scious) obtains new meaning in that it shows what the human mind adds to what ani-

mals are capable of. Animals certainly experience forces of nature, emotion, and social 

structures, they form image schemas, but these structures—fundamentally important for 

living in a world—remain largely unconscious. Stories and collages (assemblies/group-

ings) of stories are structures added by humans who enlist the power of language. It 

seems reasonable to assume that language and the building of the larger scale figurative 

structures in Fig. 1 accompany the development of consciousness that must feed back 

onto the structures existing before. 

A Feedback Model of Structures at Different Levels 

I can now give a more detailed picture of the schema of imaginative structures at differ-

ent scales introduced in Fig. 1 (see Fig. 4). We understand at least some of the details of 

the relationships between scales: we know that the relations are bi-directional in gener-

al, leading to feedback structures. We recognize the importance of the gestalts of stories 

and forces lying between small-scale schematic structures such as image schemas and 

large-scale phenomena such as (structured) collages of stories.  

In Fig. 4, the central box represents structures of the human mind. Note that it is sand-

wiched between two external worlds: the world of phenomena created by nature (in-

cluding our bodies), social groups, and our psyche; and the world consisting of our 

linguistic acts (spoken and written). Our mind interacts with these worlds. The interac-

tion constitutes feedback cycles: we act (create linguistic acts and manipulate the world 

of phenomena), and the world feeds back upon us through perceptual analysis. 
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Let us consider an example by starting at the point where a child hears a Winter Story 

being told (Story/Myth in the third column of Fig. 4). This story follows a schema, 

speaks of agents, and contains metaphors. Therefore, it activates these elements in the 

mind of the child. The child already recognizes the gestalts of story and forces because 

she has lived through events and has been subject to forces; maybe she has just experi-

enced a winter day outside. Furthermore, the child has access to image schemas that 

formed through small-scale sensorimotor interactions with the world, so she under-

stands metaphoric expressions such as “The cold could sneak in through tiny cracks 

between walls and windows…” even if she has never thought about it before in these 

terms.
5
 Through these metaphors, the gestalt of cold is fleshed out—the child knows 

first hand or learns through the story that cold is a powerful agent (the story creates an 

instance of a phenomenon that can be experienced like a phenomenon in the outside 

world). This understanding of the nature of agents fleshes out the gestalt of stories and 

finally, the child becomes able to tell her own version of a Winter Story. 

 

 

 

Figure 4. A feedback model of figurative structures at different scales. The elements in 

the main box denote gestalts, and arrows symbolize relationships and processes (such as 

projection as in metaphoric projection of image schemas; not all possible relations are 

contained in the figure). The contents of the box represent a model of the human mind. 

Note that the mind is interacting both with a material world (Phenomena on the left) and 

the products of language (Linguistic Acts on the right). It appears that we can associate 

different types of phenomena (and their perception) with the formation of the figurative 

structures at small to large scales. In science, concepts, models, and theories correspond 

to metaphoric expressions, stories, and anthologies, respectively. 

 

The main result of this model is that there is a dynamic (feed-back) relation between 

forces and stories (via the worlds of phenomena and linguistic products) central to how 
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the human mind works. This cycle has much to do with learning and its details can in-

form us about instructional processes not only in the humanities but also in the sci-

ences—after all, many of the forces we perceive are forces of nature. If we look upon 

science as humans learning to understand forces, we can use the current model for struc-

turing science pedagogy. 

 

A NARRATIVE APPROACH TO SCIENCE PEDAGOGY 

Note that we can create a correspondence between metaphoric expressions and con-

cepts, stories and models, and collage or assembly of stories and theory, respectively 

(column on the right in Fig. 4). If we accept a model of an embodied mind we can argue 

that this correspondence goes deeper than an analogy: a concept, for examples, is not 

just the analogue of a metaphoric expression in the schema of Fig. 4, it is constituted by 

the metaphor. The same holds for models which are stories structured in terms of meta-

phors and agent schemas (concepts and systems of concepts) detailing events and pro-

cesses unfolding over time. 

This means that science content is figurative in general and narrative in particular (for a 

technical example, see a discussion of the narrative structure of continuum thermody-

namics, Fuchs, 2013c). We can create good science content in story-form and use it to 

educate teachers who in turn become good narrators of forces of nature (Corni et al., 

2013). As I have stressed before, narrative understanding in science need not be 

restricted to affective aspects (context of science) or the history of nature—science is 

narrative at its core. 

It is certainly true that models in science contain elements and procedures we would not 

find in a corresponding story for a child. There are aspects such as collecting and listing 

of rich detail about the physical world, measuring and graphing, and enlisting formal 

languages (mathematics) that a child has to learn if she wants to go on with her educa-

tion in the sciences. In particular, she may learn how to express the stories of forces and 

events (the models) in mathematical language.  

However, this does not change what I have said in the previous paragraphs. It simply 

means that there is more to science than the figurative explanatory structures that can be 

told in natural language. These elements can be added to one’s repertoire in due time. If 

we have learned about processes in nature through explanatory stories making use of 

our basic forms of thought, our further education will be based upon a solid foundation 

of human understanding that integrates body and mind. 

 

SUMMARY 

In this paper, I have outlined a model of figurative/imaginative/embodied gestalt-struc-

tures that explains important aspects of the relationship between image schemas (as 

used by cognitive linguists) and narrative. Most importantly, it shows that scientific 

structures (especially models) have a narrative character created by the perception of the 

gestalts of stories and forces of nature. 

Looking at human understanding of nature in this manner brings us closer to a narrative 

form of science. The elements of narrative—contrary to the traditional view (Bruner, 

1987)—are not foreign to both qualitative and formal scientific understanding (Fuchs, 
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2012, 2013c). Story goes much further in science than has been assumed in previous 

studies (Kubli, 2001; Klassen, 2006; Norris et al., 2005). The basic structure of forces 

of nature is a central element of stories (in the form of agents created by the perception 

of forces). While a typical story for young children builds mainly on elements support-

ing affective meaning—structured by the story schema—agents representing forces are 

already present. These agents create a character schema or agent schema in parallel to 

the classical story schema. In the course of education, the character schema is formal-

ized until stories have evolved into more formal narratives, i.e., models (Fuchs, 2013b). 

The abstract structure of the gestalt of forces is a pervasive component of our concep-

tualization of social, psychological, and natural forces and forms the foundation of 

macroscopic physics (Fuchs, 2010). Therefore, the small to large-scale figurative struc-

tures used in a narrative approach to science for young learners are the same as those 

found in formal science. This observation leads me to claim that a science pedagogy 

based on figurative narrative structures of the human mind prepares learners for later 

formal education in the sciences (Fuchs, 2012) and it helps teachers to appreciate their 

own understanding of science and become confident writers and narrators of stories of 

forces of nature (Corni et al., 2012). 

 

NOTES 

1. Theories of cognitive linguistics and of narrative have been used to lay bare the 

figurative cognitive structures found in science (Fuchs, 2006, 2007, 2013). Cog-

nitive linguistics and the notion of an embodied mind inform us that human 

understanding and language are based on figurative structures (Lakoff and 

Johnson, 1999; Evans and Green, 2005; Tucker, 2007). If we take the current 

science of the human mind seriously, we arrive at a new understanding of hu-

man sense making. Science and science learning attain a novel character: sci-

ence is not the representation of truths independent of mind but rather is a result 

of the growth and differentiation of imaginative structures that originate in the 

child and in the childhood of humanity in oral mythic cultures (Fuchs, 2012). 

2. Note that I use the term force not in the sense of mechanics proper but in its 

primitive sense of phenomena that are endowed with power. Heat, wind, justice, 

language, pain, love, electricity, music, the market, etc. are forces or powers in 

this sense (music has been described as, but not named, a force by Johnson 

(2007, Chapter 11)). Macroscopic physical science grows from the notion of 

forces of nature (Fuchs, 2010). 

3. When speaking of metaphors (at least in the conceptual metaphor theory of 

cognitive linguistics), it is important to distinguish between three different uses 

of the word metaphor: (1) Special linguistic metaphoric expressions (such as 

those found in the right column of Table 1), (2) metaphors proper (left column 

in Table 1) which constitute a conceptual structure (a gestalt), and (3) metaphor 

as the process of metaphoric projection (from a source to a target domain), i.e., a 

gestalt-structuring process that creates a metaphor according to the second 

(proper) sense. 
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4. Note that the image schemas PROCESS and CYCLE are directly related to the dual 

concept of time as directional or cyclic known for example from ancient Egypt 

or from North American natives. 

5. In the story, the child hears concrete examples of metaphoric expressions. This 

experience together with the ability of projecting image schemas leads to the 

creation of a conceptual metaphor such as COLD IS A FLUID SUBSTANCE in the 

mind of the child. 
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Abstract: Currently in France, in the upper secondary school, there is an evolution of the 

teaching theme of energy that takes greater account of society debates. This affects the 

disciplinary knowledge involved in teaching, and raises questions about how to theorize the 

design of resources. The theoretical framework and the associated specific tools that we 

previously developed to design teaching sequences for disciplinary teaching were used. The 

social background of the theme led us to consider non-disciplinary knowledge alongside 

disciplinary knowledge. This paper will outline the theoretical bases of the design of a 

teaching sequence, its structure, and some aspects of the implementation in a classroom at 

grade 11. Written questionnaires before and after teaching and interviews of 9 students after 

teaching were collected. The findings show that most of the students are able to use a part of 

the taught physics model of energy (energy chain) but that a main difficulty is that they are 

not really aware of the societal challenge on energy. 

Keywords: design-based research, teaching sequence, energy, modelling, energy challenge 

 

Currently in France, in the upper secondary school, there is an evolution of the teaching 

theme of energy that takes greater account of society debates. This affects the disciplinary 

knowledge involved in teaching, and raises questions about how to theorize the design of 

resources. In this paper, first we present the framework and the tools used to design a teaching 

sequence, then the designed teaching sequence at grade 11 with the objectives of relating 

scientific knowledge and the social debates about energy. Then we analyse the 

implementation of this sequence in a classroom at grade 11; we give our research questions, 

the collected data and the main findings. At last we succinctly conclude.  

This teaching sequence follows the official curriculum but this curriculum is ambiguous. In 

its introduction, it clearly states that the teacher is required to deal with the “energy 

challenge” social question, but when turning to the content and the required competencies, it 

appears that the society debates are not really involved. Competencies are formulated mainly 

in terms of disciplinary knowledge. In our designed teaching sequence we chose to keep the 

main goal given in the introduction of the curriculum. 

 

THE DESIGN-BASED RESEARCH OF THE TEACHING SEQUENCES  

Our design is based on a theoretical framework. This framework was developed in the 

perspective of design-based research (The design based research collective, 2003; Ruthven et 

al, 2009). It includes three components (Tiberghien, Vince, Gaidioz, 2009; Vince & 

Tiberghien, 2012): 

(1) “Knowing”, which involves an epistemological analysis of two types of knowledge 

(disciplinary and everyday knowledge), their necessary transposition in order to be adapted to 

the classroom; moreover the epistemological choice of the science modelling process 
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underlies the taught knowledge. In this process, in order to develop the relationships between 

theories and observation we distinguish theoretical knowledge from descriptive knowledge of 

objects and events.  

(2) “Teaching”, based on the theory of joint action in didactics (Sensevy, 2011) where 

classroom is considered as a community of practice and the actions of the teacher and 

students are joint actions with knowledge at stake. 

(3) “Learning”, based on socio-constructivism (Vytogsky) (Mercer & Howe, 2012). 

Classroom interactions allow students to construct meaning initially on the social plane 

through the mediation of language and other people.  

The main objectives of the teaching sequence are to help students to describe everyday 

objects from the point of view of storage, production, and consumption of energy, and later 

on, to represent more formally energy transfers and transformations in everyday devices or in 

debates about the energy challenge. Moreover, due to our analysis of knowledge and our 

learning hypotheses, we consider that language and epistemological knowledge need to be 

developed in order that the students are able to do such transfers. This is why we have 

additional objectives, e.g. the students should be aware of the different meanings of the 

‘energy’ in physics, in technology and in everyday life (Rémi-Giraud, 2008).  

Our theoretical framework of the design led us to develop tools to concretely analyse the main 

components of the knowledge to be taught; this knowledge is not only content one but can 

also be procedural and epistemic. This tool is mainly based on two components of this 

framework, knowing and learning. In Table 1, we give an example of the use of this tool for 

the situation based on the following question: A low-energy bulb consumes less, but does it 

do the same job as a standard bulb? This tool has two dimensions. In column the categories 

are based on learning hypotheses, it distinguishes what the students already know and what 

they have to learn. Moreover, in particular because the objectives of the sequence are to 

analyse everyday situations from the physics point of view, we distinguish physics knowledge 

and everyday life’s one. The knowledge dimension is in line of table 1; it is based on our 

modelling perspective distinguishing the theory/model from the material objects and events 

and making explicit the relationships between them. 

In table 1, we suppose that the students already know some facts e.g.; there are different types 

of bulbs. We also suppose that they establish a causal link between electricity and the bulb 

that gives light. This causal link is explanative; consequently we consider it as a type of 

theoretical proposal of everyday life knowledge.  

At the objects/events level, the students also have to understand that a low-energy bulb save 

energy consumption. For that, at the theoretical level, the students should differentiate energy 

and power in the sense that energy is stored whereas power is related to the transfer of energy 

by unit of time and that a part of energy is transferred with light and another one with heat. 

The relations between these two aspects should be done to construct an understanding of this 

type of situation.  

This way of structuring the knowledge to be taught constitutes the basis to design a 

chronological series of specific activities. 
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Table 1 

Analysis of students’ knowledge and knowledge to be learnt for the question: A low-energy 

bulb is consuming less but does it do the same service as a standard bulb? 

 Already known To be learnt 

 Physics Everyday life Physics Everyday life 

Theories/Models  - Electricity is 

necessary to make 

a bulb give light 

- Difference 

between power and 

energy 

- Efficiency 

- Low consumption 

bulbs are more 

efficient 

- The part of the 

energy used to 

produce light is 

higher. 

Relation between 

Theories/Models 

and 

Objects/Events 

 - A bulb is 

characterized by 

its number of 

watts 

 

- Light as useful 

transfer 

- Consumption is 

proportional to the 

duration of use 

- Low consumption 

bulb lets us have as 

much light as an old 

bulb because it heats 

less.  

Objects/events - A bulb needs 

to be connected 

to a supply 

network 

- There are 

different types of 

bulbs 

- A light bulb 

heats and 

illuminates 

 - With a low-energy 

bulb I save energy. 

 

THE DESIGNED SEQUENCE AT GRADE 11 

Table 2 below gives the progression of the sequence, the objectives and the associated 

disciplinary and everyday concepts.  

Table 2 

Progression of the sequence (grade 11) 

 Objectives Disciplinary key 

concepts 

Everyday key 

concepts 

Ch1- Introduction 

to Energy, 

Conservation of 

Energy 

Analysis of 

mechanic situations  

Analysing a canonical mechanic 

situation (free fall) from an energy 

point of view. 

In this situation, introduction of 

energy conservation. 

Potential energy 

Kinetic energy 

Mechanical 

energy 

 

 

Ch2 –Energy 

forms: several 

typologies 

Being aware of what is associated 

with energy in everyday life  

Classifying energy forms in everyday 

life and in physics 

Transfer 

Forms of energy 

Electrical transfer 

Thermal transfer 

Mechanical 

transfer 

Consumption, 

production, storage, 

transportation, 

heating, light, 

electricity 
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Ch3 – Energy 

transfer with a 

model of energy 

Representing an energy chain to 

account for transfers, storages, and 

changes in the forms of energy. 

Characterizing the links between 

transferred energy and duration of 

transfer. 

Using the concept of power in the 

case of a bulb. 

Developing ideas on power in 

everyday life. 

Transfer, energy 

chain 

Power 

 

 

Efficiency 

Power as a 

characteristic of 

common objects 

 

 

Consumption, watt 

 

As an example we present an extract of one of the activity of chapter 2 about the typologies of 

energy forms (Table 3). In this activity, the students have to fill the table for each energy 

resources named according to the use in our society (1
st
 column). These resources deal with 

real objects, materials, or phenomena. For each resource, the students have to choose of a 

relevant type of stored energy for the two categorizations (given in the first two lines). These 

two categorizations are used in physics. The first one is the more abstract, the second one 

comes from the phenomenological domains of physics (Bécu-Robinault & Tiberghien, 1998). 

For this second categorization only five phenomenological domains were selected among the 

eight; three domains, optics, magnetism, electrical were eliminated for very different reasons. 

We eliminated optics and electrical categories for physics reasons. There is no storage of light 

(or photons) or electricity (even in physics at higher level, energy is a state function). Light 

and electricity are energy transfers produced by another phenomenon than optical or electrical 

ones. Magnetism is eliminated because of the official curriculum where there is no relation 

with energy.  

 

Table 3 

Activity “energy resources and energy storage”  

 1
st
 categorization 2

nd
 categorization 

 Kinetic Potential Mecha-

nics 

Thermal Electro-

static 

Chemical Nuclear 

No renewable        

Fuel, gas, coal 

(fossil 

resource 

 X    X  

…        

Renewable        

Sun  X  X   X 

Wind X  X     

…        

 

 

We also present the way we use the model of energy in terms of the energy chain (figure 1). 

Figure 1 presents the chain for a bulb plugged to the mains: rectangle is used for reservoir, 

circle is used for transfer and arrows for transfer. 
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Figure 1. The energy chain of the situation: a bulb plugged to the mains 

 

RESEARCH QUESTIONS ASSOCIATED WITH THE 

IMPLEMENTATION OF THE SEQUENCE  

The research questions focus on the ways in which students analyse everyday situations in 

terms of physics, from the energy point of view of storage, transfer, transformation, power, 

and efficiency, and also the extent to which students are able to recognize what is relevant for 

science and what is not.  

From this perspective, we collected the following data from the teaching sequence 

implemented in a physics classroom (29 students): the written productions during teaching of 

9 students, questionnaires from all students before and after the sequence, and 6 interviews 

after the sequence. The interviews focus on questions dealing with students’ analyses of 

several situations involving energy in everyday life. We are currently analysing these data. 

From the design perspective, the theoretical frameworks and the associated tool were reliable 

and functional for the two sequences. This confirms our theoretical construction, since this 

study broadens its field of applicability.  

 

MAIN RESULTS 

The questionnaire before and after the teaching sequence 

We present below the main results of the questionnaire  

Figure 2 gives some of the main results the first question concerning the properties of energy. 

The students had to give is they agree or not (four levels) to different proposals (given figure 

2). It appears that the majority of students before teaching recognize the transformation 

whereas it is not the case for the conservation of energy. The two last items presented figure 2 

are different. The majority of students does not share recognizing energy as a physical 

quantity, which consequently cannot be seen. The item involving economic growth represents 

a tendency that appeared in this classroom, the majority of students does not share the 

economical society questions.  

 

 

Environment heat 

electricity  

light 

  Bulb 

Power plant 
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Figure 2. Properties of energy before and after teaching: the graph gives the average choice of 

the classroom (between strongly disagree, and strongly agree on a 4-levels scale). Number of 

students: 29 

 

The second question asked if different objects “contain energy”. The results show a similar 

answer before and after teaching for the Sun, a majority of students agree with the proposal 

whereas difference appears for other objects. In particular, in the case of a motionless object 

(an object hanging on a thread) and the case of a moving object, there is an evolution; at the 

end of the teaching sequence a majority of students considers that they contain energy. 

Concerning the objects using energy like an electric heater, a battery, and a microwave, the 

main difference between before and after the teaching sequence relates to the glider. 

The last part of the questionnaire dealt with contradictory proposals like (see text figure 3 and 

results figure 4). 

Take sides concerning these three dialogues using your physics knowledge 

- The electric car is a clean car 

* Except that I saw that the electricity was generated from oil 

or 

- 80% of the energy consumed in France is from nuclear source 

* no, in fact it is less than 20% 

or 

- With the Sun it is as easy to heat as to make electricity 

* No, it is easier to heat and harder to make electricity 

 

Figure 3. Text of the question concerning the choice of a point of view 
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Figure 4. Number of students according to the types of arguments given in the three cases 

(see text figure 3). (Total of students: 29) 

 

Figure 4 shows that the students have more arguments of everyday life and of physics for 

electric car than for the two others cases. 

The energy consumption is not very argued; on the reverse the students make a choice. The 

argumentation would need to distinguish between energy and electricity; it seems to be very 

difficult even after teaching. Concerning heating/making electricity, it is not surprising that 

most of the given arguments deals with physics. As a matter of fact, these ideas do not belong 

to everyday life issues. 

Interviews 

Our first analysis shows three main points: 

- The representation of the energy chain has a very positive role to help students to 

distinguish storage, transformation, and transfer of energy. This representation also helps 

students to analyse everyday situations. 

- A part of the students does not distinguish energy resources and energy transfer. However 

to understand the energy challenge this distinction is essential.  

- Using physics knowledge to understand the energy challenge necessitates not only to 

understand this knowledge, but also to know about the global energy issue. In other 

terms, some of the students know very little about the global energy issue.  

Out of the 6 interviewed students, three of them have difficulty to deal with global energy 

issue; they have a very narrow view that is limited to their close environment. Moreover in a 

daily life context, first they strongly associate energy and electricity, and then they extend 

energy to fuel. This understanding of global energy issue is all the more difficult that they do 

not clearly distinguish between storage (fuel, nuclear source, coal, wood) and transfer 

(electricity).  

For example a student does not clearly distinguish between electricity and energy; he says 

(Bilal, n°5): 
1
I think that we should use more electricity than all other energies that pollute because 

electricity pollutes less than others  

                                                 

1
 E je pense qu'il faudrait être moins économe avec l'électricité qu'avec toutes les autres énergies qui qui polluent parce que l'électricité 

ça pollue mais moins que d'autres  

Strand 1 Learning science: Conceptual understanding

235



 

The following example illustrates that the students’ cultural level on energy challenge is 

rather low
2
 (Oscar, n°2): 

I if electricity corresponds to less than 20% of energy consumption, where are the 

others? 

S bah it is partly why I'm asking myself the question it is I do not see too much bah it 

would be more so if it would be more energy consumption, for example, it would be 

those who heat with oil or 

I mm 

S yes finally, the the coal, but there are not a lot of people anymore who heat their house 

with coal. 

This example illustrates students who take only into account their close environment, the 

house, and who do not have a global view. On the reverse, few students have this global 

view
3
 (Nolwenn, n°3): 

I in the world […] what are the most used sources of energy? 

[…] 

S  ah the most used sources 

I yes 

S it is especially the fossil energies such as the coal, particularly in China and in all the 

little less developed countries … 

 

CONCLUSION 

The results of data analysis will show that the main goals of the sequence, the capacity to 

interpret everyday situation in terms of academic knowledge (that is the interpretation of 

situations in terms of energy, in particular the storage, transformation, and transfer, and the 

idea of efficiency) are partially attained. The findings lead us to develop the teaching 

sequence on two main aspects. The first one is directly related to the design of the teaching 

sequence. The link between the fundamental properties of energy (storage, transformation, 

transfer and conservation) and the energy chain representation are partially acquired but 

should be better understood, and with some activities and discussions. This link should help 

students to better distinguish between storage and transfer, in particular between sources of 

energy and electricity. Moreover the role of environment should be clarified. Another aspect 

is fundamental but much more difficult to carry out in the framework of the official 

                                                 
2 A et et d'après toi euh si l'électricité représente moins de 10 pourcents de la consommation de l'énergie où ils sont les autres 

(0:17:02.9) 

E bah c'est un peu pour ça que je me pose la question c'est je vois pas trop enfin bah ça serait plus oui si ça serait plus consommation 
de l'énergie ça serait par exemple ceux qui se chauffent au fioul ou (0:17:19.7) 

A mhm 

E oui enfin après charbon il y a plus trop de personnes qui l'utilisent mais enfin les énergies fossiles non renouvelables par exemple 
(0:17:27.4) 

A d'accord  

E après les les renouvelables comme euh enfin ap oui ça revient un peu tout à l'électricité parce que c'est c'est jamais que des des 
sources d'énergie c'est pas des énergies euh enfin par exemple le fioul c'est pas une énergie en elle-même il faut la transformer pour donner 

de l'électricité par exemple  
3 A alors dans dans le monde là si on se situe dans le monde c'est et quels sont les sources d'énergie les plus importantes (0:11:06.8)  
E ah les les sources les plus utilisées (0:11:10.9)  

A oui (0:11:11.8)  

E bah c'est surtout les énergies fossiles comme le charbon euh notamment en Chine dans tous les pays un peu moins développés euh le 
pétrole donc ça c'est tout ce qui est euh hydrocarbures  
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curriculum. The cultural knowledge about the global situations of energy resources and their 

use for a large part of the students is low or very low. Consequently even if they learn physics 

knowledge, its use to understand energy challenge has no meaning, since this challenge is not 

known. Here it appears that our awareness of students’ cultural knowledge about the global 

environment is supposed to be more important than it is the case by the people in charge of 

the official curriculum and the teachers.  
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Abstract: We present data from the experimental application of the new learning 
theory of Biopedagogism in the teaching of biology in adolescent students. According 
to Biopedagogism, a didactic environment that takes into consideration the 
phylogenesis and ontogenesis of the student brain and uses as a methodological tool 
the proper pedagogical/educational environment is expected to lead to maximization 
in the learning ability. In this framework, four competences are considered crucial to 
learning: the Technological competence, the Socialization competence, the Language 
competence and the Numeracy/Theorizing competence. The biopedagogic 
modification of the didactical activities should comply with the hierarchical 
dialectical correlation of the four competences, according to the phylogenetic and 
ontogenetic stage of the student. The annual experimental application of 
Biopedagogism was carried out in five Greek public secondary schools. Purpose of 
the study was to discover statistically significant diversification between the control 
group [first-grade secondary school students (N=50) with teaching methods in 
agreement with the current conventional didactic methodology according to the Greek 
Curriculum in Lower Compulsory Secondary Education] and the experimental group 
[first-grade secondary school students (N=54) with teaching methodology strictly by 
the principles of Biopedagogism], regarding the cultivation of the four biopedagogic 
competences and school performance in biology. The evaluation took place five 
times, using quantitative and qualitative parameters. Our first results show an 
affirmative strong correlation between biopedagogic teaching and a satisfactory 
increase in both learning and the acquisition of the four basic competences in 
adolescent students. 

Keywords: cognitive development, learning and neuroscience, teaching methods in 
Science, learning acquisition, biology   

 

THEORETICAL FRAMEWORK 

The new learning theory of Biopedagogism offers an interdisciplinary and cross 
curricular pedagogical approach to education, which aims to a more efficient learning 
acquisition during schooling and lifelong (Alahiotis & Karatzia-Stavlioti, 2008; 
Alahiotis & Karatzia-Stavlioti, 2009).  

The importance for learning of the developmental stage of the student combined with 
the proper environmental didactical stimuli has been recognized early on1. The new 
learning theory of Biopedagogism interdisciplinary integrates such previous 
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knowledge and new scientific data to structure a solid epistemological approach to 
didactics. According to Biopedagogism, the didactical methodology used in any 
teaching environment should take into consideration: a. the genotype of the student, 
which is the biological background of learning (genetic pre-programming, creation, 
configuration and interaction of neural networks, neural mechanisms of memory, 
intelligence and sentimentality) and b. its interaction with the surrounding 
environment (pedagogical/educational). Therefore, Biopedagogism is based on three 
general principles:  

1. on the axis of phylogeny, which concerns the evolution of the human brain, 
2. on the axis of ontogeny, referring to the development of the human brain and 
3. on the role of the accordingly proper pedagogical/educational environment in 
learning. 

The genesis and migration of neural cells and the formation of neural synapses and 
networks are based on the evolutionary determined and developmentally constrained 
hierarchical function of genes (Deacon, 2000; Barnard, 2004; Blakemore & Frith, 
2006).Cognitive skills, behavioral characteristics and learning capacities derive from 
the formation and collaboration of such neural networks2. However, the development 
and modification of the human brain and the interaction and effectiveness of the 
genetically controlled capacities also depend on the surrounding environment, as 
neural networks can be fully functional only in the presence of stimuli and 
experiences (Edelman, 1996; Andersen, 2003; Nelson & Bloom, 1997). As opposed 
to traditional teaching approaches, the alteration of any pedagogical/educational 
environment through a biopedagogic modification of the didactical methodology can 
maximize the learning outcomes by increasing these genetically controlled learning 
capacities and making their alteration to student competences more efficient. This is 
succeeded through the strengthening and enlargement of the corresponding neural 
networks (Alahiotis & Karatzia-Stavlioti, 2009).  

In the long course of Homo’s evolution and his demanding and complicated struggle 
for survival different neural synapses and networks were progressively formed in the 
brain, leading to a gradual growth of the brain size and the hierarchical appearance of 
four different genetically controlled capacities (Stringer & Andrews, 2005; 
Gärdenfors, 2006). The first competence that emerged was the Technological 
capacity/competence (Τ), which is the use of attention and design in the creation and 
use of tools. It was followed by the configuration of human self-consciousness that 
led to the appearance of the Social/ Socialization capacity/competence (S), then by the 
need for efficient communication that led to the emergence of the Language/Literacy 
capacity/competence (L) and finally by the ability of abstract and critical thinking, 
which is the Numeracy/Theorizing capacity/competence (N/Τ) (Alahiotis & Karatzia-
Stavlioti, 2008; Alahiotis & Karatzia-Stavlioti, 2009). The interaction among all four 
competences and thus their neural substrates led to their interactive reinforcement, 
which gave birth to higher cognitive skills and more complex neural networks in a 
period of structural and functional brain reorganization, called the “Sensitive 
Interactive Period (SIP)”, 40.000-50.000 years ago. 

The four fundamental competences continue to emerge and interact hierarchically in 
the same order in the ontogeny of humans (T, S, L, N/T), with SIP corresponding to 
what is called the Inversion Step (IS) (Alahiotis & Karatzia-Stavlioti, 2008), around 
10 years of age (Posner & Rothbar, 2007). From then and lifelong all four 
competences co-exist, with the order of their interaction being reversed (N/T, L, S, T) 
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and the emphasis of their cultivation given on the specific competence that is 
especially required, depending on the content of a particular activity. 

All four biopedagogic competences are considered vital to cognitive construction and 
thus crucial to learning. Therefore, a didactic environment that takes into 
consideration the phylogenic and ontogenetic stage of the student and uses as a 
methodological tool the right in emphasis and content learning activities, according to 
the hierarchical dialectical correlation of the four competences, is expected to 
strengthen the corresponding neural networks and maximize the learning ability. 
Within this context, in the first classes of the elementary school, before IS, teaching 
should use methodological tools that emphasize in the cultivation and interaction of 
the four competences based on the relationship T>>S>L>N/T. The didactic 
procedures in the middle and upper elementary school classes should then gradually 
progress through the Inversion Step (IS) to the cultivation and interaction of the four 
competences following the relationship T<S<L<<N/T. 

Purpose 

Our study focuses on the experimental application of the theory of Biopedagogism 
into the everyday school practice in adolescent students, in order to discover 
statistically significant diversification related to biopedagogical teaching regarding the 
cultivation of the four biopedagogic competences and school performance. Emphasis 
is given on the modification of the didactic environment according to SIP and IS and 
the hierarchical order of appearance and interaction of the four biopedagogic 
competences of the students. The developmental stage of the adolescent students puts 
them chronically after the IS, with all four biopedagogic competences present (N/T, 
L, S, T) and interacting hierarchically with each other following the relationship 
T<S<L<<N/T. Moreover, recent research has shown that in the adolescent an 
antagonistic self-limitation of the synapses and a minimization of the grey matter with 
a simultaneous maximization of the white matter of the brain occur (Gogtay et al., 
2004) and that brain subcortical and prefrontal top-down control regions must be 
considered together as a circuit (Galvan et al., 2006; Hare et al., 2008). The 
adolescent brain reboots through a renovation of brain areas such as the frontal lobe 
and the interbrain, which are implicated in cognitive and motivational behavior, 
abstract and critical thinking, theorizing (Bransford et al., 2000; Blakemore & Frith, 
2006) and detecting and learning about novel and rewarding cues in the environment 
(Casey et al., 2000; Delgado et al., 2007; Van Leijenhorst et al., 2010), all affecting 
the adolescent’s learning ability. 

 

METHODOLOGY 

The experimental application of Biopedagogism took place in the teaching of biology 
to a population of adolescent students (N=104) in the first grade of Greek public 
secondary schools in Thessaloniki, in order to discover statistically significant 
diversification regarding the cultivation of the four biopedagogic competences and 
school performance in biology between the control group [(C), 2 classes, N=50] and 
the experimental group [(E), 3 classes, N=54]. Classes were chosen from different 
schools and areas of the city, with students with similar socio-economical background 
and teachers with similar age, scientific background and teaching experience. The 
teaching of biology took place twice a week, for a total of 2 hours weekly, for the 
duration of the academic year 2011-2012.  
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All teachers from both the control (C) and the experimental (E) group were 
analytically informed and trained to recognize and evaluate in the same manner the 
four competences (T, S, L, N/T) in their students.   

In the control (C) group the methodology used by the teachers in the teaching of 
biology was in agreement with the current conventional didactic methodology 
according to the Greek Curriculum in Lower Compulsory Secondary Education. 

In the experimental (E) group teachers attended a brief training regarding the basic 
principles of the theory of Biopedagogism, so that during the academic year they 
chose and applied didactic methods and activities that aimed to the cultivation and 
hierarchical interaction of the four competences according to the relationship 
T<S<L<<N/T, always in agreement with the Greek Curriculum in Lower Compulsory 
Secondary Education. This relationship was approached periodically, in a period of 
one school hour (40 minutes), two months and annually. In the first three weeks the 
didactic methodology emphasized on the cultivation of the four competences 
according to the relationship T>S>L>N/T. In the next five weeks a gradual reversal 
on the emphasis of the cultivation of the four competences followed, so that the 
corresponding neural networks of the students were better prepared for the upcoming 
exercise according to the relationship T<S<L<<N/T. Another important element is the 
constant dialectic interaction between the four biopedagogic competences: following 
the original relationship T>S>L>N/T, the teaching of biology is initially based on 
activities that emphasize on the cultivation of the T competence, then the emphasis is 
moved on the cultivation of the S competence, a little later the didactic methodology 
focuses on the cultivation of the L competence and finally on the N/T competence 
(Table 1). During this shift in the emphasis of the cultivated competence, all other 
competences remain a didactic goal, with their cultivation following a number of 
different relationships [such as T, T+S, (T+S)+L and finally (T+S+L)+N/T]. 

 

Table 1 

Table showing the periodically approached emphasis on the cultivation of the four 
competences according to the relationship T<S<L<<N/T on the experimental (E) 
group. The arrows show the gradual reversal on the emphasis of and the dialectic 
interaction between the four biopedagogic competences. The arithmetic examples are 
minutes on one 40-minute school hour. 

Two-month Period  Arithmetic example 

1st  

 

T > S > L > N/T 

 T <  S > L > N/T 

T > S < L >  N/T 

 T < S < L <  N/T 

T  S  L N/T 

1st – 3rd week  

4th week  

5th week  

6th -8th week 

           20   8  7   5 

8 20  7  5 

7  5 20  8 

5  7  8 20 

2nd 

3rd 

             4th 

 

T < S < L <  N/T    

 

6 8 10 16 
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Assessment included the evaluation of the overall school performance in biology, the 
evaluation of the cultivation of the four biopedagogic competences (T, S, L, N/T) as 
well as of six individual characteristics that underlie and constitute each competence. 
These characteristics were: 1. alertness-willingness, 2. systematic strategy, 3. 
collaboration-participation, 4. analytical-critical thinking, 5. creativity-imagination 
and 6. effectiveness. The assessment of the students from the control (C) and the 
experimental (E) group was carried out by the teachers as well as by an independent 
outdoor researcher retaining the anonymity of the schools, students and teachers and 
using the same criteria, with quantitative and qualitative parameters. It took place five 
times, in the beginning and at the end of the school year and in every school trimester, 
resulting in the creation of a portfolio for each student. For the quantitative evaluation 
two different scales were used: a (1-20) and a (1-4) scale. 

The statistical analysis of the collected data was carried out using SPSS and Excel. 

 

RESULTS  

Regarding the quantitative assessment of the overall school performance in biology, 
statistically significant diversification is denoted between the classes of the control 
(C) and the experimental (E) group, with the students of the experimental (E) group 
doing much better from the first trimester (2nd measurement) and on (Figure 1). On 
the contrary, the school performance of the students of the classes of the control (C) 
group decreases from the second trimester (3rd measurement) and on (Figure 2).  

 
Figure 1. Mean of school performance in biology in all 5 measurements in the classes 
of the experimental (E) group. Data from teachers and independent researcher. Grades 
in the 0-20 scale.  

 

 
Figure 2. Mean of school performance in biology in all 5 measurements in the classes 
of the control (C) group. Data from teachers and independent researcher. Grades in 
the 0-20 scale.  
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On the evaluation of the cultivation of the four biopedagogic competences (T, S, L, 
N/T), statistically significant diversification is denoted in the 5th measurement 
between the mean of each one of the four competences in the control (C) and the 
experimental (E) group in favor of the experimental (E) group, as graded on the 0-20 
scale by the teachers (Figure 3). Moreover, the total mean of all four competences is 
higher in the experimental (E) group in the 5th measurement than in the 1st 
measurement, in contrast to the total mean of the four competences in the control (C) 
group, which decreases (Figures 4 and 5).  

Figure 3. Means of the four biopedagogical competences (Technological-T, 
Socialization-S, Language-L, Numeracy/Theorizing-N/T) in the control (C) and 
experimental (E) group in the 5th measurement. Data from teachers in the 0-20 scale. 

 

 

Figure 4. Mean of all four biopedagogical competences (T, S, L, N/T) in the control 
(C) and experimental (E) group in the 1st and 5th measurement. Data from independent 
researcher n the 0-20 scale. 

 

 

Figure 5. Mean of all four biopedagogical competences (T, S, L, N/T) in the control 
(C) and experimental (E) group in the 1st and 5th measurement. Data from teachers in 
the 0-20 scale. 
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As far as the diversification of the 6 individual characteristics of the four 
biopedagogic competences is concerned, a statistically significant difference in favor 
of the experimental (E) group is observed in the 3rd measurement on all different 
scales and evaluators (Table 2). 

Moreover, the correlation coefficients of the data from all evaluators (researcher and 
teachers) are very high on both grade scales (Table 3).  

 

Table 2 

Number out of 6 of the individual characteristics of the four competences with a 
statistically significant difference on all grade scales in favor of the experimental (E) 
group. Data from the 3rd measurement of teachers and independent researcher. 
 

 

 

 

 

  
Table 3 

 Correlation coefficient (r) of the evaluation of the mean of the four competences in 
the first four measurements. Data from teachers and independent researcher on both 
scales (0-20 and 1-4 grade scale).  

 
 

 

 

 

 

DISCUSSION AND IMPLICATIONS 

Our first results show an affirmative strong correlation between biopedagogic 
teaching and an increase in both the cultivation of the four competences and the 
overall learning. The modification of the educational environment with the use of 
didactic activities according to the biopedagogic principles leads to statistically 
significant higher levels of basic competence acquisition as well as school 
performance. The application of the theory of Biopedagogism in a classroom seems to 
lead to an increase in the intrinsic learning capacity of the brain and a maximization 
of the learning outcomes even in short-term applications, through the enhancement of 
the function of the neural synapses and the strengthening of the neural networks that 
are responsible for the four genetically controlled learning capacities.  

These conclusions as well as the credibility of the data are reinforced by the high 
correlation coefficients and the similarity in the dynamics of the results regardless of 

 Τ S L N/T 

Number of individual characteristics-
Teachers’ data 

4 5 5 6 

Number of individual characteristics-
Researcher’s data 

4 6 6 6 

MEASUREMENT Scale 1-20 Scale 1-4 

1 0,95 0,74 

2 0,89 0,75 

3 0,87 0,89 

4 0,86 0,85 
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the different parameters [the evaluator (teacher/researcher), the rating scale (1-20/1-4) 
and the evaluated object (6 individual competence attributes / 4 competences / general 
school performance in a course)]. 

As far as the time of the appearance of the first positive learning outcomes is 
concerned, our study denotes that a period of approximately 6 weeks is necessary for 
the effects of the biopedagogic teaching to be evident. This time is comparable to a 
period of 5 weeks resulting from a research based on the use of ERP (Event Related 
Potential) on evoked brain changes (McCandliss et.al., 1997), after learning exercise. 

Moreover, biopedagogic teaching is likely to lead to improved learning outcomes 
even with a limited time application. In this research the experimental differentiated 
teaching was applied only on one course (biology) and in adolescents who had no 
previous biopedagogic training. We assume that if the teaching methodology had 
followed the principles of biopedagogism on a previous primary level and in all 
courses of the first grade, the effects on learning acquisition and school performance 
might have been more spectacular. 

The diversification in favor of the experimental (E) group in school performance, the 
cultivation of the four biopedagogic competences and each one of their six 
components proves the correctness of the emphatic hierarchy in the cultivation of the 
four biopedagogic skills. Any change in the sequence of the four competences as an 
alternative mode of controlling the theory would need another theoretical background. 
Also, any arbitrary hierarchy emphasis in the cultivation of the four competences 
would be done in randomness. Furthermore, a different hierarchy of the four 
competences has already been studied in kindergarten and elementary school, 
indicating that the distortion of hierarchy of skills leads to much lower school 
performance. This is true in the present study as well, as the hierarchy of the four 
competences in the control (C) group is different from the hierarchy in the 
experimental (E) group.  

It is worth noting that the application of our knowledge of evolution and 
developmental biology in the educational methodology does not derive from any form 
of obscene biological determinism, as the variable under control (the didactic 
methodology) is an environmental one. This variable differentiates the performance of 
the experimental (E) group versus the control (C) group, which had equivalent initial 
performance, not dependent on the parameter “different biological backgrounds”. 

Therefore, a teaching approach based on the principles of the theory of 
Biopedagogism enables the maximization of the learning outcomes. Such an effort 
should be based on the proper selection and reformation of the didactic activities 
according to the existent curriculum and the integration of the activities in 
Worksheets, so as to activate all four biopedagogic competences, with the proper 
daily and annual hierarchical emphasis on their cultivation, according to the 
developmental stage of the student. However, despite careful planning, a teaching 
approach based on Biopedagogism requires a teacher willing to experiment creatively, 
in order to understand the needs of his/her students and to seamlessly integrate them 
into his/her biopedagogic teaching. 

 

NOTES 
1 Such is the content of the work of philosophers, psychologists and pedagogists like:  
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 Montessori: Montessori, M. (1910). Antropologia pedagogica. Milano: 
Vallardi, republished in (1997) Vita dell’Infanzia XLVI, 8, 8-15,  

 Piaget: Piaget, J. (1924). The language and thought of the child. London: 
Kegan Paul, Trench and Trubner, Piaget, J. (1970). Genetic epistemology. NY: 
W.W. Norton and Company, 

 Dewey: Dewey, J. (1938). Experience and education. NY: Collier and 
McMillan and  

 Vygotsky: Vygotsky, L. (1962). Thought and language. Cambridge MA: MIT 
Press, Vygotsky, L. (1978). Mind in society. The development of the higher 
psychological process. Cambridge MA: MIT Press. 

2 For more analysis on the correlation and interaction between the appearance, type 
and function of cognitive skills, behavioral characteristics and learning capacities and 
the brain one can refer to Cohen, 2002; Barnard, 2004; Vosniadou, 2004; Alachiotis, 
2005a; Blakemore & Frith, 2006; Posner & Rothbar, 2006; Jones & Mormede, 2007. 
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INTRODUCTION 

 

Strand 2 focuses on the cognitive, affective and social dimensions in science learning, 

on the design of in-school and extra-school learning environments, and on the study 

of teaching/learning processes. This chapter of the e-proceedings brings together 24 

papers presented in Strand 2. Thirteen papers address the cognitive dimension of the 

learning process, six papers touch on the affective dimension of the learning process 

and five attend to the social dimension of the learning process. Several papers 

consider science learning as it relates to technology. 

 

The cognitive dimension of science learning  

Altogether, in five papers, recall, transfer and cognitive strategies related to science 

learning were explored. Iván Carvajal and Neus Puig investigated the transfer of 

scientific knowledge to new situations among 15-year-old students and found that 

most of the students transferred reasonably well and, as expected, performance was 

better in near transfer than in far transfer. Norma Che Lah and Rohaida Mohd Saat 

explored cognitive strategies of upper secondary chemistry students and discussed in 

detail six frequently repeated cognitive strategies. These are coding, rehearsal, 

elaboration, organisation, chunking and the use of mental images at short term 

memory level. In a similar way, Lars Björklund and Karin Stolpe turn their attention 

to recall and situations where topics were learned. Ton van der Valk examined the 

successful training of teachers to promote talent development among science students. 

Uri Zoller, Ron Blonder, Odilla Finlayson, Franz Bogner, Anne Lieflaender and 

Florian Kaiser introduced a conceptual model for science teaching in order to support 

the development of students’ question asking, problem solving, and decision-making 

behaviour acts.  

Seven papers analysed the role of teaching and learning context in science learning. 

Desiree Heine and Alexander Kauertz researched the self-regulated scientific 

problem-solving process in the context of flying objects and recognised that the 

structure of problem solving depends on the attributes of the learning tasks. Kok-Sing 

Tang studied the influence of choices of learning context on science learning. They 

recognised that the free choice of the context enabled students to engage in learning. 

Another context-related learning study is found in the work of Heike Itzek-Greulich, 

Barbara Flunger, Christian Vollmer, Benjamin Nagengast, Markus Rehm and Ulrich 

Trautwein. They compared students’ engagement in an ordinary classroom and in a 

Science Centre Outreach Lab (SCOL). They observed that students in the classroom 

learning setting as well as in the combined setting had higher achievement than the 

students in the SCOL. Jenna Saenger, Markus Emden and Elke Sumfleth developed a 

learning material package for fostering scientific inquiry through individual learning. 

The material was evaluated in a pre-post-follow-up design over a period of eight 

weeks with 11 to 12 year olds in secondary schools. The results showed that the 

developed material is suitable for fostering scientific inquiry among students with low 

prior knowledge. Another learning material project, description was presented by 

Mareike Burmeister and Ingo Eilks; they used Participatory Action Research to 

innovative secondary chemistry teacher education in Germany. Andreas Redfors, 

Lena Hansson, Örjan Hansson and Kristina Juter discussed the role of mathematics 

and contexts in physics teaching and learning. In a similar area, Olaf Krey focused on 
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the role of mathematics in physics education. Dimitrios Stamovlasis and Georgios 

Tsaparlis presented a review of the psychometric relevant research, including linear 

and nonlinear approaches to psychometric research in science problem solving. The 

research demonstrates the crucial role of cognitive variables in a variety of mental 

tasks. 

 

The affective dimension of science learning  

The papers focusing on the affective dimension of the science learning process 

explored the influence of the context, new innovative teaching and learning modules, 

or teaching material on students’ interest and motivation. Iztok Devetak, Saša Glažar, 

Mojca Juriševič, Mira Metljak and Janez Vogrinc examined the development of 

eighth and ninth grade students’ motivation and their learning of science concepts in 

the context of designed PROFILES learning modules. They recognised progress only 

in students’ perceived relevance of topics handled. Anthoula Maidou and Hariton 

Polatoglou studied how science projects can motivate weak vocational school 

students to study and learn science. Vasiliki Spiliotopoulou and Chrissavgi 

Triantafillou employed qualitative inductive content analysis in order to analyse and 

compare visual elements of the text in mathematics and physics textbooks used in 

Greek lower and upper secondary schools. Several differences were observed among 

the textbooks. Another paper on motivation and interest assessed the engagement of 

different types of students. Albert Zeyer used the empathising/systemising theory of 

cognition in order analyse how different students are motivated to learn science.  

Among the papers, two studies focused on science studies and related careers or 

career choices. Carolin Hülsmann and Maik Walpuski studied factors influencing 

course choice and recognised that students’ interest, subject-specific knowledge, 

grades, their perception of their abilities, their career aspirations, and the perceived 

relevance of the subject are important factors for career choice. Irina Kudenko and 

Àgueda Gras-Velázquez argued that the state of STEM jobs and real life applications 

should be blended in STEM education in a meaningful way in order to affect young 

people’s choices.  

 

The social dimension of science learning  

Five papers focused on teaching methods that emphasise the social dimension of 

science teaching and learning. Marianne Korner and Martin Hopf studied cross-age 

peer tutoring where older students instruct younger ones and thereby through teaching 

increase and consolidate their own knowledge. They find that the active role of a 

learner is crucial for learning about electricity. Based on a national survey in Finland, 

Anna Uitto and Pirkko Kärnä conclude that there are relationships between teaching 

methods and lower secondary school students’ performance in biology and attitudes 

to learning biology. Jesper Bruun and Robert H. Evans argue in their paper that 

network methodology in research, like workshops, can act as a road towards 

meaningful engagement with networks. They highlight that network methodology 

promises new ways of interpreting data. Andreas Müller and Patrik Vogt researched 

time-on-task in the context of Context-Based Science Education. Their analysis 

showed that the educational dose-effect-relationship could be fitted with high 
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accuracy by a sigmoid function, one of the standard functional forms of the general 

theory of dose-effect-relationship. 

A symposium organized by Georgios Tsaparlis and David Treagust had two aims. 

First, to provide an account of the history of the journal Chemistry Education 

Research and Practice and its editorial policy. Second, to present representative 

research published in this journal. Ingo Eilks explored findings on knowledge about 

sustainability held by student teachers, trainee teachers and experienced teachers, and 

on chemistry’s efforts to be ‘greener’. Jennifer E. Lewis considered variables of the 

affective domain (attitude, motivation, perceptions of classroom climate) that seem to 

be relevant for students’ success in college chemistry courses and their continued 

progress toward careers in science. Dimitrios Stamovlasis and Georgios Tsaparlis 

examined the effect of psychometric/cognitive variables on students’ ability and 

achievement in science problem solving and other higher-order science tasks.  

 

Jari Lavonen and Albert Zeyer 
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Abstract: It is well known that many students have difficulties for transferring scientific 

knowledge to new situations. For this reason we have investigated what can be done from 

science education to help students to develop this capacity. Learning psychology defines 

transfer as the ability to use what has been learnt in one situation (or context) to other 

situations that have not been studied. We designed a context-based teaching-learning 

sequence (TLS) following guidelines based on our teaching and research experience and 

other aspects found in the literature. The first author applied six TLS in a group of 15-year-

old students who had no experience in this type of approach. Interviews at the end of the 

school year were carried out and questionnaires with several degrees of transfer activities 

were used after each TLS. This research has identified features and activities of TLS that 

foster the ability to transfer scientific knowledge, such as the use of contexts, learning 

theoretical models through experiments and developing metacognition strategies. We 

found that most of the students transferred reasonably well and, as expected, performance 

was better in near transfer than in far transfer. The common mistakes in transfer 

assessments were identified as well as those students who memorised without 

understanding and also those students that showed a meaningful learning. Context-based 

education and transfer activities make us aware of which students learn more meaningfully 

and how they do it and this methodology also helped us to improve student's attitude 

towards science. 

 

Keywords: context-based education, transfer, secondary education, science 

education 

 

INTRODUCTION 

The concept of transfer has been extensively studied in the field of psychology but there 

are only a few works that treat it directly from the perspective of science education, despite 

being closely related with key ideas such as competency or scientific literacy. It is well 

known that many students have difficulties for transferring (King 2012), for this reason we 

have investigated what can be done from science education to help students to develop this 

capacity. The aim of the work presented here is: 

“Analyse factors that foster or hinder the ability to transfer scientific knowledge through 

the design and implementation of contextualized teaching-learning sequences (TLS)." 

Our hypothesis is that the use of real-world contexts in classroom activities can promote a 
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meaningful learning of science ideas and, thus, it can foster the transfer of these ideas to 

new contexts. However, some principles have to be considered for an authentic 

construction of knowledge because some uses of contexts might not lead to a coherent 

learning of core ideas of science and about science. 

 

THEORETICAL FRAMEWORK 

Learning psychology defines transfer as the ability to use what has been learnt in one 

situation (or context) to other situations that have not been studied. Depending on the 

degree of similarity between the initial and the new situation, there are different degrees of 

transfer (Gilbert et al. 2011), we considered the near and far transfer as described in this 

paper that discusses the use of context-based education for fostering transfer. Some authors 

(King, 2012) warn that the use of contexts in science education might be hindering the 

ability to transfer of students but this point needs more research for clarification. 

One learning theory related to context-based education and transfer is situated learning 

(Greeno, 1998). This approach assumes that it is the nature of the physical, social, and 

psychological environment (i.e. the context) of the students that governs the quality of the 

learning that takes place. That environment is at its most effective when the teacher and 

students feel themselves mutually engaged within a ‘community of practice’, such that all 

the parties can develop their understanding through critically supportive interactions of the 

discourse built around tasks that are perceived by all to have merit in themselves. Some 

bridges between the theoretical frameworks of learning sciences and science education are 

necessary. 

We have focused on the assessment of the scientific subcompetence “explaining 

phenomena scientifically” defined by PISA framework (Fensham, 2009) for the design of 

questionnaires that assess the transfer of science ideas to new contexts. In the literature, 

many approaches for the use of context in science education can be found. Gilbert et al. 

(2011) discuss some characteristics of contexts (setting, behavioural environment, specific 

language and extra-situational background knowledge) and how they are used in science 

education. The take advantage of the idea of context introduced by Duranti and Goodwin 

(1992) and they develop it to make it useful for science education. 

Based on our teaching and research experience and in the literature we have identified 

important issues to be considered. Therefore, in this study we have evaluated the use of 

contextualized teaching-learning sequence (TLS) that follow four principles: 

P1. DIVERSITY, REALISM and RELEVANCE of CONTEXTS: The personal and social 

relevance of a wide range of valuable and real (or plausible) situations has to be 

considered. The context can be introduced as an out-of-school activity, a newspaper article, 

a debate, a video, etc.  

P2. IDEAS OF SCIENCE: Different contexts are chosen to learn one theoretical model 

(e.g. particles model) that represents a core idea of science because it can be used to 

explain and predict many natural phenomena. This core idea is learnt by doing 

contextualized experiments while new abstract (i.e. decontextualized) ideas are introduced. 

P3. IDEAS ABOUT SCIENCE: The nature of science has to be present in the context 

raised. The keys aspects of science inquiry such as how is scientific knowledge generated, 

organized and modified have to be included in the laboratory work carried out by students. 

Experiments must be designed as an authentic practice for students (Jimenez-Aleixandre 

and Reigosa, 2006). Opportunities for communicating the new knowledge between peers 
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are very useful.  

P4. NEED-TO-KNOW PRINCIPLE:  According to Pilot and Bulte (2006), the context has 

to generate in the students the need to learn science ideas. It is important to connect 

contexts and science ideas through metacognition and this means sharing learning goals 

and monitoring them along the TLS. Explicit connections between concept and contexts 

can be done through the use of motivating questions that guide the lessons so that the 

answer is found at the end. 

 

METHODS 

As an exploratory research for validating the four principles of our theoretical framework 

we designed several context-based teaching-learning sequence (TLS) following these 

principles. An essential feature of the TLS used is the diversity of contexts or problematic 

situations studied around the same theoretical model. Table 1 is a summary of the contexts 

and science ideas of one example of sequence for learning a theoretical model for atoms.  

Table 1 

Summary of the TLS used 

Contexts/problems Guiding question Science ideas 

Cancer What is it? How can be treated? Cells, genes, tumours 

Radiotherapy How is produced the radiation 

for treating cancer? 

Types of radioactivity: alpha, 

beta, gamma 

Radioactive atoms Why some atoms are 

radioactive? 

Nuclei structure, Mass 

number and atomic number 

Atoms everywhere: 

Universe, the Earth and 

our body 

How many “types” of atoms are 

known? Where can they be 

found? 

Periodic table 

Carbon-14 dating 

method 

How can we know the date of 

arqueology samples?  

Isotopes 

Nuclear plants near us How is nuclear energy 

produced? 

Nuclear reactions: fusion and 

fission 

Fireworks How are these amazing colours 

generated?  

Scientific method 

Electronic structure of atoms 

Alchemy Can we transform iron to gold? Nuclear structure that is 

characteristic of an element 

Gammagraphy for 

locating tumours 

How can doctors see inside our 

body? 

Radioactivity and isotopes 

Investigating outer space How can we learn about planets 

and stars that are so far away? 

Electronic structure of atoms 
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The first author (as a researcher and teacher) applied six TLS with 28 students aged 15 in a 

public high school near Barcelona along the school year September 2012 - june2013. The 

titles of the six TLS used along the year are: 

1. Radiotherapy and atoms 

2. Atmosphere, ions and molecules 

3. Lithosphere and materials 

4. Drinking water and solutions 

5. Gas heaters and chemical changes 

6. Storms and electricity 

The socio-cultural environment of the neighbourhood is medium-low with a high number 

of immigrant students. It is the first contextualised TLS that these students enrol in the 

science subject. While the sequences were being implemented, field notes were taken. 

Once each sequence was finished, students had to answer a written test with several 

contextualized questions that assessed their ability to transfer the science ideas learnt to 

situations that had not been discussed in class. The new contexts of the questions had the 

same features as those used in the classroom. Some of the questions assessed near transfer 

and other far transfer according to the framework and definitions from Gilbert et al (2011). 

Data collection and analysis was done with three methods:  

1- Written tests with transfer exercises at the end of each TLS. Some of them included 

PISA released items and their results were compared to the Spanish and OECD average 

scores. Students’ answers to the items were categorized according to the following system 

of categories: 

Acceptable answer: He identifies all scientific ideas of the model and he uses them fully 

and rigorously. 

Partial answer: He identifies some of the scientific ideas of the theoretical model and/or 

they are used without rigour and completeness. 

Unacceptable answer: He does not use any scientific idea to interpret the context. 

2- Students had to complete a portfolio along the school year that included metacognition 

activities. These portfolios were collected at the end of the course and we explored them 

qualitatively to have some insights into the degree of regulation of learning for each 

student. 

3- Semi-structured interviews to a representative selection of eight students were carried 

out. The eight students were selected covering a wide diversity of elements:  

- Their cognitive style: following the study of Martin-Diaz and Kempa (1991) it can be: 

curious, conscientious, sociable and demotivated according to a test that they carried out at 

the beginning of the year. 

- Gender (boy or girl). 

- High, medium or low achievement in transfer questionnaires. 

- Science or non-science majors chosen for the next year. 

- Level of involvement in the metacognition activities in the portfolio. 
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RESULTS 

The main results found in the written tests for the transfer assessment were: 

- Those answers considered acceptable or partially acceptable transfers include the use of 

scientific models studied in the TLS to explain a phenomena in a new context by means of 

visual and/or written language and references to experiments. (Figure 1) 

 

Figure 1. Example of the picture from an acceptable answer. 

- Those answers considered unacceptable transfers include tautologies, alternative 

misconceptions or literal pieces of text that describe the model without applying it. 

- The average performance of the students in a PISA released item (the one about the 

ozone layer from PISA 2000) was above the OECD and Spanish averages despite their 

social status. For example, in question 1 the group of students had an average performance 

of 30,4%, compared to the Spanish (11,3%) and OECD (11,4%). 

Other relevant results found that it is worth to mention are: 

- Some students with low marks in Science in previous years, this year have shown a high 

degree of transfer capability while some other with high marks now exhibit a low 

achievement in transfer. Therefore, their past qualifications in science do not correlate with 

their transfer capability. 

- For the next course 82% of the students have chosen the optional subject of physics and 

chemistry (science majors), these results are completely different to previous years, in 

which the amount of students that chose this subject was between 20-40%. 

The issues raised in the interviews were organized in three groups with a total of ten 

categories that were related to the four design principles of our theoretical framework. 

Some examples of students’ opinions for each category are shown. 

Group 1: About contextualising (related to principle 1) 

1.1 ATTITUDE: “it is the first year that I like science”, “I want to hear the next lesson” 

1.2 DIVERSITY of CONTEXTS/PROBLEMS: We found that different students value and 

use different contexts for transferring, for example on student emphasized “I enjoyed 

learning about fireworks” and another one “I was surprised about the dangers of a having a 

gas heater at home”. 

1.3 REAL LIFE: “we learn about things that we have, in our body, that happen to us” 

Group 2: About science ideas, i.e. inquiry and modelling (principles 2 and 3) 

2.1 LEARNING PERCEPTION: “it will stay in my mind” “I have learnt a lot this year” 

2.2 ASSESSMENT: “in these questions you have to think”, “it’s more difficult because it 

requires understanding not memorizing, but you can do it” 

Strand 2 Learning science: Cognitive, affective and social aspects

256



2.3 LEARNING PLEASURE: “I enjoy being able to explain it”  

2.4 TEACHING METHODS: they value the diversity of activities and specially 

experiments, videos and flash simulations (a digital board was used in all lessons). 

Group 3: About metacognition (principle 4) 

3.1CO/AUTO- REGULATION: “I want to know why it’s wrong”  “I like to share my 

opinion with the class and learn from what others tell me” 

3.2 SHARING LEARNING GOALS: “I pay more attention because I want the answer”  

3.3 NEED of KNOWLEDGE: “now I see why I need to learn about atoms”   

 

DISCUSSION 

Having learnt theoretical models through contextualized experiments has permitted many 

students to transfer science ideas (P2 and P3) to new situations. Therefore abstraction is an 

important step in the TLS to promote transfer. Some students are used to memorize theory 

without applying it or are unable to see the model that can be used in that context (i.e. far 

transfer) and consequently are unable to transfer. 

Students have perceived the relevance of science (P1) in society and find it useful for their 

future. In previous years assessment had been “learning by rote” and so capable but 

demotivated students did not achieve high marks while hard-working ones did. 

Students value having learnt theoretical models from real-life contexts through a variety of 

teaching strategies. They perceive as useful and exciting what has been learnt and value 

being able to explain phenomena from their life. Assessing transfer capability forces them 

to think, not just to recall information and it also allows the teacher to have evidence of 

meaningful learning. Many students explain that contexts have helped them to “fix” 

science ideas in their mind. 

In conclusion, although there are many other aspects that have not been considered, such 

as the teaching style or the emotional aspects of students during the lessons, we can say 

that having used contexts has fostered the transfer capability of many students when our 

proposal of principles for the design of TLS was followed. Therefore, the four principles 

are a valid framework for helping students in learning science ideas that can be used in 

many contexts. On the other hand, rote-learning of decontextualized science ideas or using 

phenomena which are very far from students’ daily life may hinder transfer. More research 

is needed to find out more about how to make all students able to transfer and to shed more 

light on the specific cognitive processes that are necessary to activate this important 

ability. 
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Figure 2. Group of students that was the focus of this research. 
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Abstract: Students should develop adequate science competences during their primary 

science education. Research evidence show that students’ motivation to learn science 

has a significant influence on student’ science competences development. The 

purpose of this study is therefore to explore the development of students’ 

understanding of some specific biological, chemical and physical concepts and to 

assess their motivation to learn science while implementing PROFILES learning 

modules into the primary science classrooms (8
th

 and 9
th

 grade) in the first year of 

implementing the project. Altogether 989 elementary school students participated in 

the study. The data were collected using Motivational Learning Environment 

questionnaire (MoLE) and subject specific knowledge achievement tests. In each 

school participating students were assigned into experimental and control group. 

Students in the experimental group fulfilled the MoLE questionnaire prior and after 

the learning module implementation and knowledge achievement tests. Students 

assigned into the control group were exposed to traditional teaching, and they also 

fulfilled the MoLE questionnaire and knowledge achievement tests after the module 

implementation. Students were taught the same concepts in the experimental and 

control group. Minimum of two PROFILES modules were applied. Results show that 

different components of learning environment perceived by students’ before and after 

the implementation of PROFILES modules have not changed significantly except 

Relevance of the topics. Comparing students’ knowledge at all school subjects show 

that there are some differences between control and experimental group, but 

additional analysis are needed. It can be concluded that teachers should implement a 

three-level PROFILES model into their teaching to achieve better learning outcomes 

at all science subjects, but the implementation of modules should be changed. 

Keywords: PROFILES learning modules, motivation for learning science, students’ 

science achievements, lower-secondary school students 

 

BACKGROUND AND FRAMEWORK 

The PROFILES project is a four-year Framework Program 7 (FP7) project funded by 

the European Commission of the EU. The PROFILES project promotes the three-

level model: (1) socio-scientific scenario, (2) IBSE (Inquiry-Based Science 

Education) and (3) decision making. Through raising science teachers’ self-efficacy 

and promoting a better understanding of changes in teaching science in schools and 

the value of stakeholder networking (Hofstein & Mamlok-Naaman, 2012) PROFILES 

philosophy is implemented into the science teaching in secondary school. The 

PROFILES project focus on students’ motivation for science learning, both in terms 
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of intrinsic motivation (relevance, meaningfulness, as assessed by the students) and 

extrinsic motivation (teacher encouragement and reinforcement) and attempts to make 

school science content more meaningful (Devetak et al., 2011; Bolte et al., 2011, 

Bolte  Holbrook, 2012). The PROFILES approach focus on students’ motivation to 

learn science as there is a strong research evidence that influences cognitive and 

metacognitive processes amongst students and thus stimulates higher forms of 

thinking and determines the individual’s attitude and approach to learning and to 

activities that lead to (creative) learning achievements (Deci & Ryan, 2009; 

Rheinberg et al., 2000; Jarvela & Niemivirta, 2001; Juriševič et al., 2012; Schunk & 

Zimmerman, 2008). Moreover, from this point of view in the PROFILES approach 

both extrinsic motivational orientation (e.g., extrinsic rewards mostly by means of 

teacher’ motivational feedback) as well as intrinsic motivational orientation (e.g., 

interest in science, meaningfulness of learning , academic self-concept) are important, 

but the later is highlighted (Devetak et al., 2011; Bolte et al., 2011; Bolte  Holbrook, 

2012). Motivation to learn develops in the process of differentiation during the 

student’s learning development, from the very beginning of the educational process 

and it’s a part of the wider student’s life and is contextually dependent (Schunk & 

Zimmerman, 2008; Juriševič et al., 2012). This leads us to the conclusion that in a 

concrete learning community, as a PROFILES learning context actually is, students 

will gradually develop their own social-participatory learning role, depending on their 

own perception of individual features of the existing learning context. 

In addition raising students’ interest in science learning, the development of their 

science competences is also important. Science competences comprising the in-depth 

understanding of science concepts, being able to conduct research, understanding the 

nature of science and being able to analyse and evaluate information from everyday 

live science etc. (Glažar  Devetak, accepted for publication).  

PROFILES modules for biology, chemistry and physics developed and applied in 

lower secondary school incorporate the three-level PROFILES model. The main 

purpose of this study is to evaluate the students’ level of motivation and knowledge 

obtained in PROFILES classes. 

Rationale and Purpose 

It is important to evaluate the students’ gains in the first period of modules comprising 

three–level models into the Slovenian science teaching in secondary school: 

(1) Do the PROFILES students’ different components of learning environment in 

biology, chemistry and physics significantly change during the PROFILES modules 

application in the school year? 

(2) Do PROFILES students perceive learning environment for learning biology, 

chemistry and physics significantly different than their NON-PROFILES 

counterparts? 

(3) Do PROFILES students show significantly higher achievements for learning 

biology, chemistry and physics than their NON-PROFILES counterparts? 

 

METHOD 

Altogether 989 elementary school (grades 8 and 9) students participated in the study 

(see Table 1 for a detailed sample structure by the subject). Students were assigned 
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into experimental (PROFILES modules) (N=570; 57.6%) and control group (exposed 

to traditional teaching) (N=419; 42.4%).  

 

Table 1 

Sample of students participating by the subject. 

 Frequency % 

 

Chemistry 552 55.8 

Biology   246 24.9 

Physics 191 19.3 

Total 989 100.0 

 

The data in experimental and control group were collected using Motivational 

Learning Environment (MoLE) questionnaire (Bolte & Streller, 2011) and subject 

specific knowledge achievement tests. 

Subject specific (biology, chemistry, physics) knowledge pre- and post-tests were 

developed by teachers who developed/adapted modules and comprised concepts 

presented in modules in accordance with the national subject curriculums.  

MoLE questionnaire measured 7 scales (2 items for each 7 point scale): Satisfaction, 

Comprehensibility / Requirements, Subject orientation, Relevance of the topics, 

Students' opportunities to participate, Class cooperation and Individual students' 

willingness to participate.  

In the first year 2011/2012 39 teachers cooperated in the PROFILES project. They 

were divided into smaller groups by the subject they teach (biology, chemistry, and 

physics) and consulted by the PROFILES team at the faculty. Individual groups 

developed at least two, some three PROFILES modules that were implemented to 

students in the experimental group. In the experimental and control groups the same 

concepts were taught. MoLE questionnaire and knowledge achievement tests were 

administrated prior and after the learning module implementation. Figure 1 shows a 

more detailed research design implemented in Slovene PROFILES project. 
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Figure 1. Research design implemented in Slovene PROFILES project. 

 

RESULTS 

Since not all students participated in the third module the results show findings after 

two implemented modules. 

Results show that different components of learning environment perceived by 

students’ before and after the implementation of PROFILES modules have not 

changed significantly except Relevance of the topics - Importance of science topics 

perceived by students for their everyday live and for the society in general (t=-2.550; 

df=208; p=0.11) (see Table 2). 

 

Table 2  

The change of the specific components of learning environment (MoLE) during the 

PROFILES modules application. 

  
M SD t p 

 

Satisfaction 
Before 3.2 1.65 

-1.286 .200 
After 3.4 1.32 

Comprehensibility/ 

Requirements 

Before 2.9  1.57  
-1.855  .065  

After 3.2  1.30  

Subject orientation 
Before 3.2  1.54  

-1.204  .230  
After 3.3  1.34  

Relevance of the topics  
Before 3.2  1.61  

-2.550  .011  
After 3.5  1.32  

 Students’ opportunities to 

participate  

Before 3.5  1.65  
 .773  .440  

 After 3.4  1.39  

 
Class cooperation 

Before 3.2  1.42  
-1.389  .166  

 After 3.4  1.16  

 Individual students’ 

willingness to participate 

Before 3.2  1.45  
-1.266  .207  

 After 3.4  1.10  
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Results also show that PROFILES students perceive learning environment for 

learning biology, chemistry and physics significantly different than their NON-

PROFILES counterparts; Satisfaction - Student’ interest for the science lessons and 

how happy they feel in science class (t=2.782; df=340; p=0.006) and Subject 

orientation - How science teaching is organized; teacher using mostly symbolic 

representations, graphs for teaching mostly facts ex-cathedra (t=3.241; p=0.001) (see 

Table 3). 

 

Table 3 

Comparison of the PROFILES and non-PROFILES students’ science learning 

environment views after teaching the selected topic. 

  
M SD t p 

 

Satisfaction 
Control 3.1 1.25 

2.782  .006 
Experimental 3.5 1.39  

Comprehensibility/ 

Requirements 

Control 3.1 1.18 
1.216  .225  

Experimental 3.2 1.32 

Subject orientation 
Control 3.0 1.20 

3.241  .001  
Experimental 3.4 1.35 

Relevance of the topics  
Control 3.3 1.29 

1.785  .075  
Experimental 3.5 1.36 

 Students’ opportunities to 

participate  

Control 3.4 1.50 
-.353  .724  

 Experimental 3.4 1.38 

 
Class cooperation 

Control 3.3 1.19 
1.655  .099  

 Experimental 3.5 1.16 

 Individual students’ 

willingness to participate 

Control 3.2 1.16 
1.795  .073  

 Experimental 3.4 1.11 

 

Comparing students’ knowledge of overall sample (data presented in percentages of 

achieved pointes on two test – after implementation of module one and after 

implementation of module two – see Table 4) show no significant differences between 

the experimental and control group. But considering subsample groups of different 

subject some significant differences were shown in favour of the experimental group 

(see Table 4). We have to note, that in subsample Chemistry group 2 the average 

results of the control group were higher than of experimental group. Further analyses 

would be needed to find reasons for these results or to suggest that modules were not 

implemented in the right manner. 
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Table 4 

PROFILES students’ achievements in comparison with their non-PROFILES 

counterparts where statistically significant differences were show. 

   M SD t p 

Overall 

sample 

results 

Knowledge 

test 1 

Control 48.5 26.46 
.886 .376 

Experimental 50.3 24.16 

Knowledge 

test 2 

Control 53.2 25.85 
1.429 .153 

Experimental 55.8 23.33 

Chemistry 

group 1 

Knowledge 

test 2 

Control 11.03 3.81 
3.285 .001 

Experimental 13.02 4.49 

Chemistry 

group 2 

Knowledge 

test 1 

Control 9.32 4.12 
-3.567 .001 

Experimental 6.91 3.74 

Chemistry 

group 4 

Knowledge 

test 1 

Control 9.88 6.27 
3.121 .003 

Experimental 14.15 4.40 

Chemistry 

group 4 

Knowledge 

test 2 

Control 11.77 7.79 
2.006 .048 

Experimental 14.91 6.53 

Biology 

group 5 

Knowledge 

test 1 

Control 10.12 6.73 
5.114 .000 

Experimental 16.26 6.67 

 

DISCUSSION AND IMPLICATIONS 

Almost all components of the Motivational Learning Environment showed higher 

scores after two PROFILES module implementation but only one changed 

significantly – Subject relevance. That suggests that socio-scientific scenario is 

important to students learning science. Satisfaction with the subject and subject 

orientation perceive PROFILES and non-PROFILES student significantly different -

student’ interest in science lessons increased and students feel happier in science 

class; science teaching is organized differently – less facts, symbols…  

PROFILES students do not show significantly higher achievements in science than 

their non-PROFILES counterparts.  

Preliminary analysis of the teachers’ reflection records about the innovations 

implementations show that teachers use IBSE, and context learning usually also in 

traditional teaching – this may be the reason for not significantly different changes in 

motivation and achievements. 

So further analysis and activities are required, such as: Knowledge test analysis – 

content, cognitive level, type of knowledge (declarative and procedural knowledge); 

Data analysis from other questionnaires (About the lesson, Learning motivation, 

Attitude towards science and Cooperative learning); Continuous collaboration with 

leading teachers in developing ownership - gathering data about students’ gains and 

achievements in the 2
nd

 and 3
rd

 year; Optimizing the modules content and 

implementation strategies. 

Strand 2 Learning science: Cognitive, affective and social aspects

264



But considering the overall results and teacher feedback it can be concluded that 

teachers should implement a three-level PROFILES model into their teaching to 

achieve better learning outcomes at all science subjects, but the implementation of 

modules should be changed. It is important to emphasise, that teachers should develop 

and use teaching approaches that are similar to the PROFILES modules (e.g. socio-

scientific problem presented to stimulate interest, IBSE learning, and decision making 

in problem solving procedure). 
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CHEMISTRY LEARNING 
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Abstract: This study explores the cognitive strategies utilized, at Short Term Memory 

(STM), by upper secondary Chemistry students. The aim is to observe variation in 

cognitive strategies utilised by six participants of different abilities. The findings denote 

that cognitive strategies in students of different learning abilities are varied. Six 

frequently repeated cognitive strategies such as coding, rehearsal, elaboration, 

organization, chunking and mental image were detected at STM level and are discussed 

in detail. Secondary School teachers will be beneficially assisted from the stand point that 

this research will assist them to select more appropriate teaching strategies and guiding 

for their students to gain maximum quality knowledge. 

Keywords: Cognitive strategies, chemistry, short term memory 

 

BACKGROUND AND FRAMEWORK 

Classroom learning requires understanding and higher order thinking skills. These skills 

are hard to achieve if students are still weak in acquiring basic scientific concepts. 

Previous researchers have proposed, as a solution to this problem, the utilization of 

cognitive strategies during learning process. To further investigate such propositions, a 

research based on Information Processing Theory was conducted with the purpose of 

exploring cognitive strategies as used by upper secondary students in learning Chemistry, 

particularly in learning ‘Periodic Table’. 

  

METHOD 

Participant selection involved the selection of school students which had known different 

learning ability. During preliminary testing, one hundred and fifteen Grade 10 students 

were selected and grouped into three categories designated as high, average and low 

achievers, based on their score on Cognitive performances task which consisted of thirty 

multiple choices and three structured questions related to the Structure of the Atom and 

Chemical Formulae and Equations. Out of one hundred and fifteen students, only forty 

students showed interest to participate in this study, ten students in the higher achieving 

group with scores in the 70 – 100 per centile range, fourteen students from average 

achieving group with scores in the 50-69 per centile range, and sixteen from the low 

achieving group with scores in the 0-49 per centile range. All of the students were taught 

by the same chemistry teacher. Based on criteria such as talkativeness and preparedness 

to cooperate and stay on for the whole six month period, in accordance to Creswell 

(2005) recommendations to use few individuals in qualitative research as this will 

provide definitive conclusions about cognitive strategies used by participant rather to 

highlight some of the prominent observation gain from the study, two participants from 
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each category were selected. They were labeled as High achiever 1, High achiever 2, 

Average achiever 1, Average achiever 2, Low achiever 1 and Low achiever 1. Each 

participant then underwent six memory related tasks which was labeled as Cognitive 

strategies task (Cost). 

Cost 1 - The task to study first twenty elements in Periodic Table 

Cost 2 - The task to study forty elements in the Periodic Table 

Cost 3 - The task to study forty monatomic ions 

Cost 4 - The task to study thirteen cations and nine anions with different charges 

Cost 5 - The task to study fourteen common polyatomic ions 

Cost 6 - The task to study Metal Reactivity Series and Electrochemical Series 

In-depth interview and observation of participant’s behavior formed two main methods to 

seize the relevant data. The data obtained were then triangulated with document analysis 

to enhanced research’s validity. In this research, participants’ journals had been used as 

documents.  

 

Data analysis 

Based on thirty six sets of interview transcriptions, the coding process, shown below, was 

done until the resilient theme emerged. The result showed that rehearsal and chunking 

strategies were used simultaneously and both strategies were categorized as internal 

cognitive strategies based on their statement: 'I recite it in my mind 3 by 3'. This 

statement was supported by video footage showing no lips movement during the learning 

process.  

 

 High Achiever1:  OK, after that I recite it in my mind 3 by 3.  

 Researcher:  ‘3 by 3’. What do you mean by ‘3 by 3’? 

 High Achiever1:  Like Beryllium, Cesium, Zinc, than BAR Barium,  

    Aluminium and Rubidium, PCC –Potassium, Calcium  

    and Cadmium. LSMHS, in here I memorize by using the  

    first alphabet word like… Look So Many Hot Silver.  

 Researcher:   Don’t you think it is difficult? For example PCC, may be  

    you can remember PCC but you don’t know what it stands   

    for... 

 High Achiever1:  It’s OK, because I recite it a few times. 

 Researcher:   How about the charges? Or valences? 

 High Achiever1:  Quite simple just like I recite it one, two times than I  

    remember already. 
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Chunking strategies were clearly observed during the interview. Fourteen names were 

chunked into a small unit of information consisting of four clustered of three, three, three 

and five information units. The unit three, three, three and five representing Beryllium, 

Cesium, Zinc, BAR, PCC and LSMHS. Another cognitive strategies used was BAR, 

acronym representing Barium, Aluminum and Rubidium. Then PCC representing 

Potassium, Calcium and Cadmium and for a group of five letters, This participant also 

used acrostic strategy "Look So Many Hot Silver" which aimed to assist him to remember 

the name of the Lithium, Sodium, Magnesium, Hydrogen and Silver. However, the 

participant seemed to ignore the word ‘ion’ every time the names of the substances were 

mentioned. 

 

RESULT AND DISCUSSION 

Findings denote that high, average and low achievers applied varied cognitive strategies. 

This paper deals in detail with the most significant strategies used, and these are mental 

image, elaboration, coding, rehearsal, chunking and organization. 

Mental image strategy 

Mental image strategy was utilized by all participants, with the exception of one student 

from the low achieving group. The ability to visualize concepts in the form of mental 

image can assist students to retrieve information faster. Both high and average achievers 

demonstrated the ability to translate real information into an abstract image form, during 

the learning process. This is in line with Clark and Paivio (1991) emphasis in dual-code 

theory of memory which, states that images are installed in memory in the form of a 

visual image or in the verbal unit form. The theory then evinces that information kept in 

the visual and or verbal forms is retrieved easier. Likewise, multimedia principles of 

Mayer (1997) advances that information stored in the form of pictures or images utilises 

less Short Term Memory (STM) space, contributing to economical space utilisation 

consequently, reducing students’ cognitive overload. The present research findings 

revealed that both students in the high achieving group were able to change real object to 

the visual image. 

  

Elaboration strategy 

One high achiever showed different type of elaboration strategies which, was labeled as 

complex elaboration strategy, while the other student used a simple cognitive strategy. 

Similar observations were also observed in the average and low achievers’group. Even 

though variation occurred, students were still able to construct meaningful context where 

the idea and skill can be assimilated as stated in the elaboration theory (Reigeluth, 1992, 

1999). In spite of the categorization given to participants, high and average achievers, 

results indicate that these students had not reached the stage whereby they have enough 

skills and knowledge to build complex elaboration strategy. 
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Coding strategy 

Acronym and acrostic are two types of coding used by these students while learning 

Chemistry. However, these strategies were utilized only by average and low achievers 

and were not detected among the high achievers group. Low achievers applied strategies 

with weak or meaningless underlying concept. Such strategy will present the students 

with obstacles or restrictions to produce better quality learning. Since initial coding 

process cannot be properly created, information retrieval is disturbed. The results also 

indicated that high achievers were able to accelerate the transformation of information by 

utilizing more effective strategies such as elaboration, organization and mental image. It 

then follows that if coding processes are done effectively then the recall process becomes 

more meaningful. 

 

Rehearsal strategy 

The three types of rehearsal strategy observed were reading, writing and mental rehearsal. 

All participants used rehearsal strategy with different repetition frequencies. High 

achievers in this research used shorter time in applying cognitive strategies compared to 

average and low achievers. Both average achievers were using writing and reading 

rehearsal with two, six, and seven times frequency of repetition. The reason stated by 

participants was that they can remember better with each repetition. Low achievers used 

rehearsal strategies up to twenty times or until the time given was up. One low achiever 

used writing rehearsal with frequency of eight and twenty times and another participant 

used reading and mental rehearsal two, five and ten times. There was a case whereby a 

student kept rehearsing until the time allocated to do so was up. One of the average 

achievers used writing and reading rehearsal with no sign of using mental rehearsal. 

 

Chunking strategy 

Adults for easier retrieval from STM, retain chunks of information in groups of five to 

nine units, this information without further application of cognitive strategies however, 

will gradually fade away (Gagne, Yekovich & Yekovich, 1993). This research concurs 

with previous researchers’ information chunking strategies findings. However, it further 

identified three main categories of chunking strategies labeled mixed chunking, similar 

chunking and characteristic chunking strategy. High Achievers appeared to group 18 bits 

of information into five smaller chunks. It is achieved by the use of the mixed chunking 

strategy with each of the smaller chunks having components of (4)(4)(4)(4)(2). In this 

example, the first smaller chunk consisted of lithium, beryllium, boron and carbon, the 

second consisted of nitrogen, oxygen, chlorine and neon, the third of sodium, magnesium, 

aluminum and silicon, the fourth phosphorus, sulphur, chlorine and argon and the fifth 

chunk consisted of two elements of potassium and calcium. Another participant from 

high achieving group was found to chunk 12 units of information into three sets of 

smaller chunks of (5)(2)(5). It was interesting to observe that even at the level of low 

achiever, mixed chunking strategy was still being applied although the ‘large’ unit of 

information to remember consisted of only six units, which were then reduced into three 

sets of (3)(1)(2) smaller chunks. Research findings demonstrated that learners utilise 
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mixed chunking strategy in order to enable themselves to remember the ‘larger’ unit of 

information required to be learned.  

 The similar chunking strategy is not too different from the mixed chunking 

strategy except that learners chunk the large units of information into smaller equal 

number groups of learning units. In our study, High Achiever was found to group 20 

information units into ten smaller groups consisting of (2)(2)(2)(2)(2)(2)(2)(2)(2)(2). 

Postulating that by remembering the name of the first element, the participant then easily 

remembers the name of the second element in the same small chunk, this is to say that in 

the small chunks of hidrogen-helium, when the participant remembers hidrogen, he 

automatically remembers helium. The third chunking strategy identified in the study is 

known as characteristic chunking strategy. In the case of argentum and copper, both the 

high achievers grouped the two metals together relative to similarity of charge, cation +1. 

The oxide and peroxide ions are placed in the same group on the basis of similar or near 

similar name and formula. Hidrogen, helium, lithium and beryllium are placed in the 

same group because they share the same ‘ium’ ending; chlorine, bromine and iodine are 

grouped together on the basis of their ‘ine’ name ending. Lithium, sodium and potassium 

are placed together based on the fact that all three metals dissolve in water, and platinum, 

aurum and mercury were put together as all three are metals.The study also found that 

some learners combined two chunking strategies, for example, the characteristic and 

similar chunking strategies in order to more easily retrieve the information at LTM level.  

 

Organizational strategy 

Concurrent with chunking strategies, organization strategy was detected in the study. 

Organisation Strategy involves the restructuring or rearranging of mental activities in 

which participants change the position of the new received information to make its 

transfer and maintenance in the STM and LTM easier. Based on the participants’ 

restructuring or rearranging mental activity patterns, the organization strategy was 

classified into two categories; organization based on convenience and hierarchical 

organization. Organization based on convenience involves the arrangement of the 

information in ways that constructs relationships between the study material, by making 

it more meaningful in terms of continuity and flow for easier information retrieval from 

STM and LTM. For example, one of the average achievers appeared to organise the 

cation first by gathering all positively charged ions with 1+ valence, then she added silver 

ion  although it is not an ion of the same group but the similarity of the charge probing 

the participant to locate the silver ion in that position. Following this, she placed all 2 + 

charged ions together so as to assist the compilation of new information into a form 

which could facilitate the effectiveness of the information retrieval at a later date. Whilst 

operating on the same task, a participant from the high achieving group, restructured or 

rearranged ions based on the first name found easier to recall. Followed by the process of 

creating a hierarchical organization strategy in which ions that start with the first alphabet 

letter 'a' are written first, followed by ions that comply with the sequential letter b, c, l, m, 

p, r, n, and s. This hierarchical organization involves the arrangement of information in 

such a way as to follow an alphabetical order. The second participant from high 

achieving group appeared to have found difficulty in recalling the names of the ions in 

the middle of the list, a phenomenon often encountered by many students. To overcome 
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this, a hierarchical organization strategy was implemented to those ions which were 

found difficult to recall, leaving the ions at the beginning and end of the list unchanged.  

           In conclusion, the study indicates that high achievers apply hierarchical 

organizational strategies, whereas average achievers utilize regular organizational 

strategies involving a new rearrangement of information which accords with their 

feelings of convenience when learning new information. The application of organization 

strategies among low achievers was not detected. These findings accord with Kuhara-

Kojima and Hatano (1991), which states that a person who knows more about something 

is capable to organize and absorb new information better. The findings revealed 

situations in which participants applied two or three cognitive strategies at once and that 

the organization strategy invariable took place first, this was followed by either rehearsal 

or mental image. 

  

CONCLUSIONS AND IMPLICATION 

Several cognitive strategies were detected among Grade 10 students. Findings in this 

study will assist teachers in selecting appropriate teaching strategies that will enable 

students of various cognitive levels, to learn and practice effective cognitive strategy by 

themselves. This study reveals that low achievers were unable to visualize abstract 

chemistry concepts, or to utilize mental image strategy. Consequently, teachers ought to 

adopt a training which prepares students to utilise cognitive strategies to assist them in 

upgrading their ability into the higher achievers category. Low achievers used coding 

strategy more regularly and need to be guided to associate the learning chemistry concept 

with a meaningful underlying concept. Activities which assist students in mastering basic 

chemistry concepts are essential in order to teach students to incorporate complex 

elaboration strategy in their study. The ability to use efficient cognitive strategies is 

crucial due to the limited learning time available during school and the overloaded 

chemistry curriculum. An understanding of cognitive strategy will assist teachers in 

guiding their students to gain maximum quality knowledge in the limited time available. 

From a theoretical perspective, this research is expected to enhance the understanding of 

other researchers in the fields of psychology and educational science on the human 

cognitive system. Thus, the real situation evolving in the human mind during the learning 

process can be better understood 
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Abstract: In science education a typical learning goal is to solve problems by using 

methods of scientific inquiry (Lederman, Antink & Bartos, 2012; Klahr, 2000). In this 

research project an experimental environment is developed to facilitate science 

learning, which consists of 16 learning tasks to the physical content “flying” (flying of 

airplanes, balloons and rockets). The aim of the environment is to initiate a self-

regulated scientific problem-solving process. The problem-solving process regarding 

students planning, controlling and regulating their work (Lederman et al., 2012) is 

influenced by habitual learning attributes containing motivational and cognitive 

components (Schiefele & Pekrun, 1996). Since a structured process is necessary for 

learning (Oser & Baeriswyl, 2001), this study investigates the structure of problem-

solving process of third and fourth grade students using video-categories, a test and 

questionnaires. Data is used to evaluate the relations between the structure of the 

problem-solving process and attributes of the learning tasks and also person 

parameters. It can be shown that the structure depends on the attributes of the learning 

task. Person parameters like students’ knowledge and abilities in physics and 

scientific interest don‘t seem to have a high influence on the structure of the scientific 

problem-solving process. 

Keywords: scientific problem-solving, experimental learning environment, video-

analyses  

 

SUBJECT 

This study focuses on the influences on and characteristics of problem-solving 

processes of third and fourth grade primary school students in an experimental 

learning environment. The experimental environment facilitates science learning by 

16 learning tasks concerning physical aspects of flying of airplanes, balloons and 

rockets addressing the four topic areas: stream dynamics, angle of attack, 

Archimedes’ principle and thrust. The learning environment requires a self-regulated 

scientific problem-solving process since the tasks are slightly pre-structured. Each 

task defines a research problem appropriate for primary school students and provides 

some basic information and materials to conduct small and partially hands-on 

experiments. Within the experimental learning environment the students work in 

pairs. Consequently, the students need to structure their work whilst doing 

experimental work and communicating with each other to find an appropriate solution 

for the problem.  

Solving problems by using methods of scientific inquiry is a core part of science 

education (Lederman et al., 2012; AAAS, 2009; Klahr, 2000). Scientific problem-

solving embraces the elements hypothesizing, planning and conducting a scientific 

experiment and using results for testing the hypothesis (Hammann, Phan & 

Bayrhuber, 2007; Klahr, 2000). Since the experimental learning environment is 

slightly pre-structured, the students have to decide which element of the problem-

solving process they attempt to apply (or none of them) and in which order they apply 
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these elements. The sequence of these elements we call the structure of their problem-

solving. In literature there are suggestions for appropriate structures (e.g. Oser & 

Baeriswyl, 2001). They demonstrate that an appropriate structure is necessary for 

successful learning (Oser & Baeriswyl, 2001). That leads to the questions of how far 

students are able to find their own successful structure and which preconditions must 

be given.  

The problem-solving process regarding students planning, controlling and regulating 

their work is influenced by habitual learning attributes (Schiefele & Pekrun, 1996). 

These attributes contain motivational and cognitive components. The motivational 

components consist of interest and motivational beliefs. The cognitive components 

consist of learning strategies, meta-cognitive knowledge and domain specific previous 

knowledge and abilities (Schiefele & Pekrun, 1996; Boekaerts, 1997). In addition the 

current motivation and flow-feeling during the learning process are also predictors for 

successful learning (Engeser, Rheinberg, Vollmeyer, & Bischoff, 2005). The current 

motivation is situation-specific and consists of the factors anxiety, probability of 

success and situational interest (Rheinberg, Vollmeyer & Burns, 2001).  

In this study we assume that students’ interest, motivation, and knowledge determine 

their problem-solving processes within the experimental learning environment. 

Successful problem-solving means to apply and arrange elements of scientific 

problem-solving comparable to sequences described in the literature and is associated 

to the growth of knowledge.  

This leads to the following research questions:  

1. How do primary school students structure the scientific problem-solving 

process in experimental learning situations?  

2. What effect do 

- the learning task 

- and person parameters (student’s knowledge and abilities in physics, the 

interest in science and current motivation) 

have on the structure of the scientific problem-solving process in 

experimental learning situations? 

 

DESIGN AND METHODS 

A test, questionnaires, and video-categories are developed, evaluated, and jointly used 

on a sample of 8 to 10 year old students from 49 courses in primary schools to collect 

data. These students work in pairs in the experimental environment for six lessons 

(t = 270 minutes in total). If it is necessary, the teacher is asked to support the 

students. In each course, videos are taken from four randomly chosen pairs 

(Nvideos = 149, Nstudents = 307) in the fourth and fifth lesson (tvideos = 90 minutes). The 

development and evaluation of the instruments are described in the following section. 

Instruments 

Questionnaire for current motivation 

This questionnaire measures the current motivation in the fourth and fifth lesson. It is 

a combination of two existing but more extensive questionnaires (Questionnaire on 
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Current Motivation (QCM) by Rheinberg et al., 2001 and Flow-Short-Scale (FSS) by 

Rheinberg, Vollmeyer & Engeser, 2003) which are quite popular in German 

psychology. Eight Items are selected from both and adapted to students’ linguistic 

ability. The answering format is changed to a three-step-rating-scale to allow for 

quick answering during the problem-solving process without too much interruption or 

distraction. 

In a pre-study the short questionnaire is given twice to a sample of 8 to 10 year old 

students from five courses in primary school (N = 100) while working in the 

experimental environment. The test-retest-reliability is r = .72 (p < .01) and the test is 

short enough to prevent a significant interruption or distraction. 

Since fulfilled basic needs are known as prerequisites for current motivation (Deci & 

Ryan, 1985) this questionnaire was validated by an accessorial inquiry relating to the 

basic needs (Deci & Ryan, 1985), which are measured by an additional questionnaire 

after the working on the experimental environment at a sample of students of the third 

and fourth grade (N = 65). The reliability of the ‘current motivation questionnaire’ for 

that sample is α = .86 (M = 2.76, SD = .26). The correlation between ‘basic needs 

questionnaire’ and ‘current motivation questionnaire’ is r = .56 (p < .01). This could 

be seen as a supporting finding for the validity of this questionnaire (Heine & 

Kauertz, 2013). 

Test for students’ knowledge and abilities 

A test for students’ knowledge regarding the physics topic of flying and their ability 

to apply the scientific inquiry process to this topic is developed to measure the 

previous knowledge and the development of knowledge and abilities. The items for 

the tests are equivalent to comparable tests for German schools (Hammann et al., 

2007; Hardy, Kleickmann, Koerber et al., 2010). The test assesses students’ abilities 

regarding scientific inquiry processes under the perspective of problem-solving in 

science. This test is used before and after the unit of six lessons. 

The test for students’ knowledge and abilities (Trautmann & Kauertz, 2013) contains 

22 multiple choice (single select) items. Data is gathered in a pre-study from N = 213 

students from grade three and four in primary schools (age: 8-10). The data is 

analyzed by means of the dichotomies Rasch model. All items show a sufficient item 

fit (.9 < MNSQ < 1.1, T < 2). The reliability is acceptable ( = .78) and the test has an 

adequate difficulty (mean item difficulty fits the mean of the persons’ likelihood 

estimates assuming a 50% threshold for linking item difficulty and the persons’ 

estimates). The validity of the test is investigated by using partial correlations 

including a mathematics test (Roick, Gölitz & Hasselhorn, 2004; r = .35, p < .01), a 

literacy test (Küspert & Schneider, 1998; r = .25, p < .01), and another physics test 

(Fischer, Möller, Ewerhardy et al., 2009; r = .12, p < .05).  

Questionnaire for student’s interest and motivation 

In addition to this, the paper-pencil-questionnaire by Blumberg (2008) is adapted for 

this study. It is also used before and after the six lessons. This questionnaire contains 

seven scales: Subject-related interest, topic-related interest, topic-related interest 

outside of school, topic-related interest ‚flying‘, intrinsic motivation, extrinsic 

motivation and self-concept (five items each; four-step rating-scale). In the study of 

Blumberg (2008), which is taken as a basis, and in our own pilot-study the scales of 

the questionnaires have an acceptable reliability (5 items each; .64 ≤  ≤ .85; 
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N = 161). Thus, our pilot study replicates Blumberg‘s findings (Heine & Kauertz, 

2013). 

Video-categories for analyzing structure of the learning process 

Videos are taken from up to four pairs during two lessons (fourth and fifth lesson) of 

each course (192 pairs in total). The videos are analyzed by a set of five facets with 24 

categories (cf. table 2 acc. to Heine, Trautmann & Kauertz, in preparation) to gather 

how the students structure their scientific problem-solving process. Each category 

consists of descriptions of activities or students’ utterance that are interpreted under 

the focus of describing thinking and learning processes. The main facets consist of 

‘scientific problem-solving elements’ based on the structure of scientific problem-

solving (Oser & Baeriswyl, 2001; Klahr & Dunbar, 1988). In addition to this main 

facets, five attendant facets ‘transfer’, ‘asking for help’, ‘organization’, ‘off-task’ and 

‘miscellaneous’ are used to cover all students’ activities. The videos are encoded with 

the categories by a time-sampling with 5-sec-intervals by two coders.  

 

Table 1 

Category-system to gather the scientific problem-solving process (cf. Heine et al., in 

preparation) 

Facet  Category/Process-element  

Problem perception 1 Perceiving problem 

Main facets: 

Scientific 

problem-solving 

elements 

 

Search hypothesis 

space 

 

2 Activating previous knowledge 

3 Making explanation based on elements of real context 

4 Finding analogies 

5 Evolving introduction 

6 Making explanation based on elements of laboratory context 

7 Generating hypothesis 

Test hypothesis 8 Varying independent variable 

9 Controlling a variable 

10 Collecting Data 

 

Evaluate evidence 

11 Analyzing data 

12 Concluding in laboratory context 

13 Concluding in real context 

Transfer 14 Transfer task 

Attendant facets 

Asking for help 15 Student gets a teacherintervention 

16 Asking for help 

17 Describing problem  

Organisation 18 Questionnaire „Current Motivation“ 

19 Video-organisation 

20 Research diary 

21 Handling with experimental material 

22 Organisation misc. 

Off-task 23 Off-task 

Misc. 24 Misc. 

 

The results of the pilot-study (NVideos = 15) show acceptable intercoder-agreements 

(.75 ≤ к ≤ .81) gathering the scientific problem-solving process (Heine et al., in print). 
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Problem-solving process diagrams are plotted by highlighting the main facets of the 

video-categories along a time-line (cf. figure 1, 2). These diagrams provide 

information about choice and sequence of the elements of scientific problem-solving. 

Thus, the structure of the problem-solving process of each pair of students becomes 

visible.  

Based on these diagrams, a rating of the structure with a four-step rating scale 

(1 = poorly structured - 4 = highly structured) is performed. Because there is no 

consensus about the sequence of steps regarding problem-solving, ideas from different 

authors are combined to four indicators. In their basis-model ‘problem-solving’, Oser 

and Baeriswyl (2001) for example claim a specific sequence of learning steps which is 

necessary for successful problem-solving processes. In contrast, Lederman et al. 

(2012) argue that there is no explicit set of steps that researchers regularly follow; 

however there are certain elements of inquiry. Lunetta (2003) advocates the 

investigator has to move among the phases in a non-linear fashion trying and 

searching to understand relationships.  

There seems to be a consensus that there has to be a progression in the process. But it 

is not necessary for students to run through the process in a linear order, rather they 

can return within the process (e.g. Klahr & Dunbar, 1988; Lunetta, 2003). 

Nevertheless, the steps should fit together and the relevant elements of problem-

solving have to occur (e.g. Oser & Baeriswyl, 2001). These ideas result in the 

following four indicators for rating the structure of the scientific problem-solving 

process: 

 Indicator 1: Is there an overall progression in the process, which means: Do 

the students start with perceiving the problem and do they evaluate the 

evidence? 

 Indicator 2: Do three or four main facets occur? 

 Indicator 3: Are all process elements suitable to the previous element? 

 Indicator 4: Is there a progression in the process, which means that there are at 

least three suitable transitions from one main facet to the next? 

If all indicators are fulfilled, it’s a “highly structured” process (cf. figure 1). If three 

indicators are applied, it’s a “mostly structured” process. If two indicators can be 

found, it’s a “marginal structured” process (cf. figure 2) and if there is only one or no 

indicator, it’s a “poorly structured” process. 

The evaluation of this rating-system shows very good interrater-agreements by two 

independent raters (Ind.1: к = .84; Ind.2: к = 1; Ind.3: к = 1; Ind.4: к = .96). (Heine et 

al., in print) 

evaluate evidence 

test hypothesis 

search hypothesis space 

problem perception 

 
time (min:sec) 

Figure 1. Problem-solving process diagram - example “highly structured“ 
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evaluate evidence 

test hypothesis 

search hypothesis space 

problem perception 

 
time (min:sec) 

Figure 2: Problem-solving process diagram - example “marginal structured“ 

 

ANALYSIS AND FINDINGS 

To answer the research questions, frequencies of the rating are calculated to examine 

how structured the students work at the task. An analysis of variance is done to 

provide information about the influence of the learning task on the structure. 

Additionally correlations between the person-parameters and the structure are 

calculated to get a first impression about the interrelationships between the structure 

and the student’s knowledge and abilities in physics, the interest in science and also 

the current motivation. 

Research Question 1: 

highly structured 

mostly structured 

marginal structured 

poorly structured 

 

frequency in %  

Figure 3. Results analyses of frequencies - structure 

The results of the rating show that most students work in a mostly (44.3 %) or 

marginal (22.8 %) structured way. A few students work highly structured, which 

means that they perceive the problem and make a conclusion, all of the problem-

solving facets occur, the elements are suitable to the previous element and there is a 

progression in the process (15.6 %). There are also a few students who work poorly 

structured, because they don’t fulfill the expectations of the indicators (17.3 %) 

(Heine et al., in print). 

Research Question 2: 

Videos are taken from four different learning tasks (one of each topic area). Analyses 

from the interrelationship of the structure and the learning task show that there is a 
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significant difference between the learning tasks (cf. figure 4). So the structure 

depends on the attributes of the learning task.  

 

highly structured 4 

mostly structured 3 

marginal structured 2 

poorly structured 1 
 

 Stream dynamics 
n=54 (M=2.89) 

Angel of attack 
n=90 (M=2.21) 

Archimedes’ principle 
n=79 (M=2.91) 

Thrust 
n=84 (M=2.54) 

Figure 4. Results different topic areas (ANOVA: F(3, 303) = 12.35; p = .000) 

Using the results from the paper-pencil-test and the questionnaires there is only little 

evidence for significant correlations between the structure and person-parameters: 

There is a low significant correlation (** p ≤ .01; * p ≤ .05) between the structure of 

the scientific problem-solving process and the subject-related interest (r = .16**; n = 

266), the topic-related interest (r = .20**; n = 266) and the intrinsic motivation (r = 

.14*; n = 265). No significant correlation (p > .05) can be found between the structure 

of the scientific problem-solving process and the previous knowledge (r = .01 ; p = 

.86; n =  265), the development of knowledge and abilities (r = .05; n = 257), the 

topic-related interest outside of school (r = .04; n = 265), the topic-related interest 

‚flying‘ (r = .04; n = 266), the extrinsic motivation (r = .03; n = 265), the self-concept 

(r = .09; n = 265) and the current motivation (r = .00; n = 270). This suggests that the 

assumption that the students’ interest, motivation, and knowledge determine their 

structure of the scientific problem-solving process cannot be confirmed. 

 

SUMMARY AND OUTLOOK 

The results show that students in the third and fourth grade are able to structure their 

problem-solving process in a self-regulated learning environment. Most students work 

in a mostly structured way. This structure of the scientific problem-solving process 

depends on the learning task, because there is a significant difference between the 

learning tasks. Thus, further analyses will include the investigation of the difficulty 

and complexity of the learning tasks. The difficulty and complexity is constituted of 

different attributes of the tasks. A first analysis indicates that these attributes could be 

the count of variables, which can be varied in the task, the fact whether technical hints 

are given or not, the count of process elements, which are given in task and also the 

time, the students need while they are working at the task.  

The results show that person parameters don‘t have a high influence on the structure 

of the scientific problem-solving process. More possible interactions in regard to the 

influence on the structure will be tested in a structural equation model. 

In some videos the teacher intervenes. This also might influence the structure of the 

scientific problem-solving process. Thus it will be tested if there is a difference 
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between the two groups (videos with and videos without teacher intervention). If there 

is a significant difference, the analyses will be done for both groups separately. 
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Abstract: Embedding real-world contexts in the teaching of science is a much-needed 

pedagogy in addressing the increasing alienation towards science among adolescents. 

Instead of teaching a list of decontextualized concepts, science concepts are 

introduced in the context of understanding common real-world situations (e.g. 

pollution, nuclear accidents). However, the choice of contexts in context-based 

learning is usually prescribed in the curriculum without the involvement of the 

students. As a result, this limitation tends to mitigate its pedagogical potential. This 

paper introduces a different approach where the learning contexts were chosen based 

on individual students’ interests and what they read or watch in everyday media. From 

a study carried out with a cohort of eleventh grade physics students in Singapore, this 

paper examines the potential of this pedagogical approach in fostering a stronger 

connection between academic science and their life experiences. It was found that the 

pedagogical approach enabled students to engage in two important aspects of 

learning: one, generating new knowledge through the mixing of different language 

and ways of knowing, and two, evaluating the source of knowledge from a critique of 

the language and representational practices involved in the knowledge production.   

Keywords: context-based teaching, media, multiliteracies, informal learning  

  

INTRODUCTION  

Context-based science teaching – a curricular approach that advocates the use of 

real-world contexts in the teaching of science – has seen a renewed interest in many 

developed countries (Aikenhead, 2005; Fensham, 2009). One of the reasons for the 

popularity of context-based teaching is to make science learning more relevant and 

meaningful to students, who are becoming more disengaged towards a science 

curriculum that teaches a list of isolated concepts (Osborne, Simon, & Collins, 2003). 

While context-based teaching holds much promise for science education, it is not 

without its limitations. One of the problems is that the choice of real-world contexts is 

usually prescribed in the curriculum without the involvement of the students. This 

underlies the prevalent assumption that educators know the kind of contexts that are 

authentically interesting to students, while the students themselves are given very 

little voice to talk about their own interests (Jenkins, 2006). The second limitation is 

that context-based teaching seldom incorporates contexts that students regularly pay 

attention to in popular media such as movies, newspapers, video games and Internet 

sites (Fensham, 2009), which “are the most pervasive disseminators of informal 

science education", according to the U.S. National Academy of Science (Rockman et 

al., 2007).   

To address these problems, a different approach to context-based teaching was 

implemented in this study. The real-world contexts in this approach were chosen 

based on individual student’s interests and what they read or watched in everyday 

media, instead of the teacher or the curriculum. Each student brought a self-selected 
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out-of-school media into the classroom, explained an interesting phenomenon 

embedded in the media in a scientific manner, and evaluated the media in comparison 

with traditional school-based texts. Through this pedagogical approach, it was found 

that some students went through two important aspects of learning. One, they 

generated new knowledge through the mixing of different language and ways of 

knowing. Two, they evaluated the source of knowledge from a critique of the 

language and representational practices involved in the knowledge production.   

In this paper, I begin by outlining the theoretical and pedagogical perspectives that 

inform this study. This is followed by a description of the curricular approach and the 

methodological procedures in the collection and analysis of data. The learning 

outcomes and processes from two students are then presented. For the purpose of this 

study, I use discourse analysis to show the quality of the connections between their 

life experiences and academic science that were generated by these students.  

  

THEORETICAL PERSPECTIVES  

The theoretical basis of this study is informed by research in New Literacies, which is 

characterised by a broadened view of literacy and media and their roles in the 

contemporary classroom (Leu, O'Byrne, Zawilinski, McVerry, & Everett-Cacopardo, 

2009). A central view in New Literacies is the framing of literacy as forms of social 

practices unique to the “Discourse” (with a capital D) of a particular sociocultural 

community (Gee, 1996). Discourses are manifested in characteristic patterns in the 

way we speak, write, think, act, and use various media in our everyday practices. 

These ways of interactions are deeply embedded in our membership and participation 

in various communities, and learned through our habitual ways of interacting with 

people, tools, and media in those communities (Lave & Wenger, 1991). Thus, New 

Literacies research provides the theoretical insight that sees learning through media 

not as a matter of decoding/encoding information, but as a form of enculturation into 

the discourse communities that produce and use various media as part of their social 

meaning-making practices (Street, 2003). As such, the incorporation of popular media 

in a science classroom should not be seen as an individualised learning of a 

decontextualised form of knowledge, but as a larger interaction between two or more 

Discourses. From these perspectives, I conceptualise a classroom as a physical, 

cultural, and semiotic space where the Discourses of multiple social communities 

converge through the interaction of the various participants (e.g., students, teacher, 

researcher) and the respective media they bring.  

Furthermore, the focus of incorporating out-of-school media is not about the 

information embedded in the media, but rather on the opportunity that can be 

generated by creating a contrasting juxtaposition with school-sanctioned Discourse in 

a classroom setting. The ensuing conversation between contrasting Discourses is what 

researchers call a “third space” (e.g., Gutierrez, Baquedano, & Tejeda, 1999; Moje et 

al., 2004). Deriving from Bhabha’s (1994) cultural theory, the notion of a third space 

has recently been used in education in constructing an “in-between” cultural space 

jointly negotiated among multiple (sometimes competing) Discourses brought into the 

classroom. Barton and Tan (2009, p. 52) define a third space as one where different 

Discourses “coalesce to destabilise and expand the boundaries of official school 

Discourse.” This occurs when multiple cultural practices in different discourses are 

deliberately juxtaposed to be mutually challenged, integrated, and transformed so as 

to generate new forms of understanding and literacy practices (Moje et al., 2004). It is 
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argued that a third space would provide a rich setting for learning as the students 

navigate the various Discourses that are brought into the classroom.  

In order to create the conditions for a third space to evolve, I further draw on the 

pedagogy of multiliteracies to inform the design of a curricular intervention for this 

study. Multiliteracies was developed by the New London Group (1996) with the goal 

of responding to the shifting nature of literacies in a rapidly changing political, 

economic, and technological world. The pedagogical framework of multiliteracies is 

based on an integration of four factors: situated practice, overt instruction, critical 

framing, and transformed practice. Situated practice begins with a meaningful 

immersion in the learners’ knowledge and experiences. This is relevant to the 

incorporation of the students’ out-of-media in the curricular intervention. Situated 

practice is then followed by an overt instruction to help students connect their 

out-of-school media and the knowledge associated with it to academic science 

learning. The purpose of overt instruction is not only to meet curricular standards and 

benchmarks, but also to facilitate the development of critical framing, which involves 

understanding that all forms of disciplinary knowledge are points of view shaped by 

particular combinations of language and representations under certain social, 

historical, and political influences. In this way, critical framing helps students 

interpret the social and cultural context of different texts and constructively critique 

them. Eventually, critical framing allow students to creatively extend the texts to 

produce new ones of their own in new contexts, and this is the end goal of 

transformed practice.  

  

METHODOLOGY  

Informed by the theoretical notions of third space and multiliteracies as described 

earlier, a curricular intervention was designed and implemented in a high school 

physics programme in the following manner:   

1. Situated practice – Each student selected an everyday media related to his/her 

personal interest and a physics topic (e.g. mechanics, electricity). The type of 

media selected by the students includes a range of videos, websites, articles on 

news, and magazines. The phenomenon embedded in the media became a 

personal context for the student to explore and learn about the physics 

concepts or principles behind the phenomenon.  

2. Overt instruction – From the personal context, the student then identified a 

question about an interesting phenomenon from his/her chosen media and then 

wrote a scientific explanation for this question using physics knowledge and 

language learned in school  

3. Critical framing – The student also had to write a critical evaluation of his/her 

chosen media in terms of the accuracy, reliability, bias and/or simplicity of the 

information that was presented in the media.  

4. Transformed practice – The student then presented his/her explanation and 

critical evaluation through a glog, which is a form of digital poster (see 

http://www.glogster.com ). By creating a space for students to juxtapose their 

out-of-school media with an academic form of scientific explanation and 

evaluation, the completed glog signifies a hybrid product created through the 

convergence of in- and out-of-school Discourses.     
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The above curricular intervention was implemented as a year-end physics project for a 

cohort of 231 physics students studying in a junior college (JC) in Singapore. These 

students have all completed the first year of a two-year GCE A-level physics 

programme. The implementation of the project was carried out in collaboration with 

six physics teachers from the JC. Out of the cohort of students, 53 students (33 boys 

and 20 girls) were invited to participate in the research study aimed to examine the 

process of their learning as they went through the designed curricular intervention. 

These students were purposefully selected by their teachers according to a maximum 

variation sampling strategy (Patton, 2002) in the following categories: (1) gender, (2) 

physics test scores, and (3) students’ interests and hobbies.  

The research question in this study was: How do the students connect the in- and 

out-of-school Discourses that were juxtaposed in the curricular intervention? In 

particular, the four factors of multiliteracies – situated practice, overt instruction, 

critical framing and transformed practice – were used as an analytical framework to 

divide the research question into the four respective components. Data collection 

consists of student interviews, students’ artifacts (e.g., media selections, glogs) and 

videos of lectures and tutorials during the implementation of the curricular approach. 

For the findings reported in this study, the data comes primarily from the interviews 

with the students and their completed artifacts (i.e., glogs). There were two 

semi-structured interviews with the selected students at the beginning and end of the 

physics project. The first interview was conducted to find out more about the 

students’ interests and how they made connection between their interests and the 

physics concepts they have learned in school. The second interview was conducted 

after the students had completed the project which required them to present their 

explanation and critical evaluation on their chosen media. This interview aimed to 

unpack the learning process and the steps taken by the students in completing their 

projects.   

  

FINDINGS  

For the purpose of this paper to illustrate the quality of the connections that can be 

generated through this pedagogical approach, I present two instrumental case studies 

(Stake, 2000) to provide insights on how students connect the in- and out-of-school 

Discourses that were brought into the classroom. Due to the contextual nature of the 

analysis, my purpose is not to make generalisable claims about all the students’ 

learning nor evaluative assertions on the enacted curriculum. Rather, it is to gain a 

deeper insight into a potential pedagogical approach that warrants further research 

study and educational investment.   

The first case study comes from a male student called Shen, who is an avid fan of 

Fringe – an American television (TV) series about a group of government agents who 

investigate unexplained events related to a mysterious parallel universe. He has been 

watching every episode from the series since he was twelfth years old. In a particular 

episode selected by Shen, the event revolves around how an electromagnetic pulse 

(EMP) bomb triggered the death of a human being. From this episode, Shen identified 

the following question for him to investigate in the curricular project: Can the victim 

be killed by an EMP bomb? The following is an excerpt from Shen’s explanation in 

his glog:  

In the “Fringe” video, a victim had been exposed to an electromagnetic 
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bomb. It is suggested in the video that this bomb reseted her electromagnetic 

charge in her body. This causes all the charge in her body to move faster 

hence killing her. This leads us back to our physics related phenomenon 

about force on a moving charge. However, in this case, it is the bomb 

creating a strong magnetic field that causes the moving charges in a human 

body to move abnormally.   

In accordance with the first stage of the enacted curricular intervention (situated 

practice of multiliteracies), Shen situated his learning in his interest of science fiction. 

In particular, an episode from one of his favorite science fiction TV series heightened 

his curiosity on EMP and thus led him to find out more about it. Because the 

curricular intervention requires students to make a direct connection to a physics 

concept they had learned (a form of overt instruction of multiliteracies), Shen related 

what he heard from the TV episode about “electromagnetic charge” to what he was 

currently learning in physics about “force on a moving charge”. As he referred to his 

lecture notes, he revealed in the interview how he came to deduce that in order for the 

EMP bomb to “create a strong magnetic field”, it should comprise a solenoid (a coil 

of wire):  

Yah, cause what I know right is the bomb is mainly just strong 

electromagnetic field so the only way, one of the ways we learnt in JC is the 

solenoid. So maybe it could be a solenoid in the EMP.  

In his glog, he reproduced a schematic diagram of the solenoid based on what he saw 

in his lecture notes (see Figure 1).   

 
  

Figure 1. A schematic diagram of a solenoid in an EMP bomb drawn by Shen 

  

From this deduction, Shen then went on to postulate how the solenoid in the EMP 

could upset the human body. This is where he related to his biology knowledge where 

he had learned that the nerve system in the human body contains charged particles in 

motion (see Figure 2 for a biology textbook’s diagram reproduced in Shen’s glog). By 

making these connections, he concluded in his glog that:  

This leads us to the conclusion that due to the upward force, it causes 

acceleration in the charged particles. This causes the charge to move faster in 

the human body hence solving the solution of how it killed our victim in 

“Fringe”.  

By synthesizing these connections, Shen was actively generating new knowledge that 

was beyond what he had learned through his GCE A-level physics and biology 

Strand 2 Learning science: Cognitive, affective and social aspects

287



courses. In fact, while Shen was searching on the Internet about the EMP bomb, he 

suspected that the information is classified because he could not find much 

information about it. As a result, he revealed that he had to develop “some theory of 

[his] own” about how the EMP works. This was where he came out with his “own 

theory” that the EMP bomb must contain a solenoid and a large amount of electrical 

charge in order for it to work. As we will see subsequently, he later went on to test his 

theory by making some calculations based on the formulae he was taught.   

  

 
Figure 2. A diagram of charged particles in a human body shown in Shen’s glog 

  

Having explained how the EMP could theoretically kill a person, Shen did not stop at 

this conclusion in his glog. As required in the critical evaluation of the curricular 

intervention (informed by critical framing of multiliteracies), he went on to check the 

feasibility of the EMP bomb in killing a human being. To do so, he realized that he 

had to make some estimation based on several physics formulae he had learned. In his 

glog, he calculated what would be the electromagnetic force acting on a charge 

particle in the human body and noticed that it is numerically insignificant. Thus, he 

inferred that the EMP bomb as portrayed in the Fringe episode “may not be workable 

because of the high amount of energy needed”.  

According to Shen, checking the feasibility of an idea is a prerequisite part of 

checking its reliability. He made the distinction between feasibility and reliability as 

follows: “Feasibility is theoretical whether it can work. Reliability is for the [Fringe] 

video to see whether they are lying or whether they are stating some correct facts or 

not.” Thus, based on his calculation, he concluded that the Fringe video is not reliable 

because the idea is not feasible. This led him to write in his glog:  

This source may be deemed unreliable as the science may stretch beyond 

facts so as to attract the audience attention towards the TV series. Hence, the 

electromagnetism discussed in the video may be a little far from its actual 

scientific theory.  

Shen’s example illustrates a characteristic of critical framing where he evaluates the 

reliability of a source in his out-of-school media exposure. Furthermore, it also 

demonstrates his awareness that in order to check the feasibility and thus reliability of 

a scientific argument in a source, he needs to carry out a certain disciplinary practice 

employed by scientists, which is to make estimations based on known formulae. This 

illustrates what the New London Group (1996) calls the meta-language awareness of 

using certain linguistic or representational practices in the critical framing of scientific 

knowledge and disciplinary norms.   
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In sum, Shen’s juxtaposition of the various texts (e.g., Fringe video, physics lecture 

notes, biology textbook) as he completed his blog illustrates a possible outcome that 

resulted from an in-between space (i.e., third space) of multiple Discourses 

converging in the classroom. Through this convergence, Shen was able to make good 

connections between his out-of-school media and what he learned in school physics. 

Furthermore, the juxtaposition also allowed him to critique knowledge from one 

Discourse using the knowledge and disciplinary practices of another Discourse. In 

other words, a transformed practice (last stage of multiliteracies) has taken place 

whereby he looked at a science fiction genre through the lens of a scientific genre.   

The second case study comes from a female student called Salima, who is interested 

in martial arts. During the curricular intervention, she chose a particular documentary 

series from the History Channel called The Human Weapon. In this documentary, she 

became interested in a Ninjutsu move called a Hamukai. As she wanted to find out 

more about the physics behind a Hamukai, she framed the following question for her 

project: What are the factors that contribute to executing a good Hamukai? The 

following is an excerpt from Salima’s explanation to this question in her glog:  

In executing a successful Hamukai, several factors were taken into 

consideration. The factors are moment, force and energy. Moment is the 

product of the force and perpendicular distance about a pivot. In this 

movement, the elbow can be seen used as a fulcrum. Therefore it will also act 

as a pivot.   

Similar to Shen, as a form of situated practice, Salima situated her learning for this 

project in her interest on martial arts. From the overt instruction in the curricular 

intervention, she then drew a connection between Hamukai and the physics concepts 

of “moment, force and energy”. As shown in the above excerpt, she began by 

identifying the relevant “factors” from physics that account for the Hamukai move 

and giving a definition of the physics concept of “moment”. She then correctly made 

the bridge between the position of the opponent’s elbow (personal context) and the 

location of the pivot (a physics term), in doing so, she was able to come up with a 

physics explanation of the Hamaukai technique. She further explained it during an 

interview as follows:  

So using moment itself, it’s force times the perpendicular distance. So the 

further away you are from target, since force and perpendicular distance is 

involved in the duration of moment, so if let’s say the distance is constant, so 

if you put in more force to actually execute this move, it will result in more 

moment and thus more pain at the affected area.  

Salima referred to her physics notes in mechanics in order to explain the Hamaikai 

technique, as seen from this excerpt from the interview:  

For me, I took time in actually trying to find out or see the concepts that can 

actually relate it to the moves that’s executed in this video. So I actually will 

flip through my notes, my physics notes, to actually see what concepts are 

actually related to this video.  

In Salima’s physics notes, there were several examples of how moment is applied in 

everyday contexts such as a see-saw, a diving board, and a supporting horizontal 

beam. However, there is no example on martial arts. Thus, Salima had to create a new 

explanation on a novel situation, even though she had to refer to her notes for the 

conceptual relevance of moments.  
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When it comes to the critical evaluation, Salima differed in her approach as compared 

to Shen. Whereas Shen examined the reliability of the Fringe video by checking the 

feasibility of its scientific idea, Salima evaluated the reliability by checking the 

background of the author and the purpose of the video. Thus, she wrote the following 

in her glog:  

The History Channel is a US-based international satellite and cable TV 

channel owned by A&E Television Networks. It originally broadcast 

documentary programs and historical fiction series since 1995. It has 

broadcast many television shows that are beneficial to users. Therefore, it a 

reliable source for information which makes this video from Human Weapon a 

reliable one.  

Compared to Shen, Salima’s evaluation may not seem to demonstrate a 

meta-language awareness of checking a scientific claim by using some forms of 

science disciplinary practice such as numerical estimation. This could be attributed to 

a major difference in the genre between science fiction and science documentary, 

whereby the ideas found in science documentary tend to be less far-fetched compared 

to science fiction. Thus, this makes it more difficult for students to critique the 

feasibility of those ideas. Nevertheless, Salima’s evaluation in checking the author’s 

background and the intended purpose of the media source is still an important form of 

critical framing.   

In sum, Salima’s juxtaposition of the science documentary and her physics textbook 

illustrates another example resulting from a third space of multiple Discourses 

converging in the classroom. Like Shen, Salima was able to make some connections, 

both conceptually and critically, between her out-of-school media and what she had 

learned in school physics. While she was not able to critique the knowledge presented 

in the out-of-school Discourse to the extent demonstrated by Shen, the juxtaposition 

of The Human Weapon video presented her with the opportunity to develop the habit 

of critically examining out-of-school media that are related to science.  

  

CONCLUSION AND DISCUSSION  

From the analysis, there are two broad characteristics of productive learning that 

emerged through the juxtaposition of out-of-school media and school-based physics 

texts in this context-based curricular approach:  

1. Generating new knowledge from multiple sources. The pedagogical approach 

created opportunity for the students to apply what they had learned in physics 

to new contexts that are also relevant to the students’ personal interests. 

Through this application, the students generated new explanations through the 

mixing of different language and ways of knowing. In Shen’s case, he 

generated new knowledge that went beyond what he had learned in school as 

he conjectured the making of a killer EMP bomb and further tested its 

feasibility through the use of physics principles and calculation. For Salima, 

she was able to apply what she had learned about moments to a novel situation 

related to her personal interest in martial arts.  

2. Evaluating source of knowledge from multiple practices. The pedagogical 

approach also created opportunity for students to critique different social ways 

of constructing knowledge. In Salima’s case, this critique manifested in the 
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form of a reliability check on the source’s authors and intended audience. In 

Shen’s case, the critique went further in the form of a meta-language 

awareness (New London group, 1996) of the language and representational 

practices involved in knowledge production. For instance, Shen checked the 

validity of a scientific claim in the out-of-school media by using a disciplinary 

form of practice employed by scientists – the estimation of numerical value 

based on known formulae. In this manner, he was also critiquing the 

knowledge from one Discourse using the knowledge and disciplinary practices 

of another Discourse.  

In this exploratory study, I presented only two students who were found to be 

successful in meeting the requirements of the curricular project. This is because at this 

point, I am only interested in exploring the potential of this unprecedented 

pedagogical approach, particularly in how it can enable a stronger connection between 

academic science and students’ everyday experiences. As such, I focused on the 

process of how the students connect the in- and out-of-school Discourses that were 

juxtaposed in the curricular intervention, and used two instrumental case studies to 

illuminate this process.   

The next stage of the study will investigate the extent of how much the cohort of 

students were able to connect the in- and out-of-school Discourses during the 

curricular approach. This will involve a more systematic coding that will be 

developed from this qualitative case study. This will aid the evaluation of the 

effectiveness of this curricular approach as well as evaluating the proportion of 

students who had achieved the kind of learning as demonstrated by Shen’s and 

Salima’s examples.   

The design of real-world contexts in science teaching is an important task that 

requires more research. This study highlights two issues that are often neglected in the 

design of real-world contexts: (a) the incorporation of students’ personal interests and 

(b) the use of everyday media. To overcome these issues, this study introduces an 

approach to tweak the design of mainstream context-based teaching. In an exploratory 

study which saw the implementation of a new approach to context-based learning, it 

was found that the pedagogical approach created opportunities for productive learning 

that are seldom seen in most science classrooms. The first was the generation of new 

knowledge through the mixing of different language and ways of knowing and the 

second was the evaluation of knowledge production in a particular Discourse through 

its language and representational practices. Such opportunities for learning warrant 

further research exploration and pedagogical development.  
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Abstract: The aim of this study was to investigate and analyze what biology students 

remembered a long time after being out on an ecology excursion. The students’ memories 

were tested during a stimulated recall interview and analyzed using the dual memory 

system model of learning. Already after 6 months we found that the students had forgotten 

a lot of the scientific content.  Very often they showed a familiarity (recognition) with the 

situations and objects showed to them but they were unable to identify (recall) and label 

them. However they did remember some spectacular moment, the sudden appearance of a 

fox and a moose. They did also remember things and situations when they were active 

themselves, digging, smelling, using their hands or their feet’s in the difficult balancing 

and walking on a pet bog. From literature we identified two different types of memories, 

depending of the question asked: recall and recognition. We connected memories used in 

recall to the explicit memory system (declarative knowledge), and memories used in 

recognition to the implicit memory system (tacit knowledge). The Explicit memory has a 

short retention but the implicit system is very stable and this will explain the difference in 

recall and recognition abilities. Since the implicit memory incorporates emotional, somatic, 

markers we were able to explain the specific flashbulb memories. The implicit system is 

active when we are doing things, using our senses and this may explain why those 

memories still were strong even after a full year. The strong memories of patterns stored in 

the implicit system seemed to act as indices to the declarable labels and facts in the explicit 

system. Implications for research, education and type of assessment are discussed. 

 

Keywords: teachers, memory, retention, dual-system, science education, biology 

 

 

INTRODUCTION 

Science education research very often focuses on teaching and examination is in most 

cases done close to the learning occasion and is rarely tested after a long time. There are 

not many studies on what students remember on long-term bases. Traditional memory 

models, like Tulving’s (1972) “Procedural, Semantic and Episodic memory model”, will 

not explain these result. Therefore researchers add models of motivation, emotions and 

affect to explain their results. 

 

THEORETICAL FRAMWORK 

Dual system-processing is a psychological model of two different cognitive systems for 

reasoning, making judgments and social cognition (Evans, 2008). There is a distinct 
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difference between rapid, automatic and non-conscious processes (implicit memory 

system) and a slow and deliberate explicit memory system. Additionally, neuro-

physiological research has identified two biologically separated memory systems in the 

human brain, namely the non-declarative and the declarative memory systems (Squire, 

2004). Merging psychology and neurophysiological research allows for the idea of two 

separate systems for memory and learning to be strengthened, namely the dual memory 

system model (Björklund, 2007, 2008). Björklund has proposed the use of “implicit” and 

“explicit” memory systems as synonyms for Squire’s non-declarative and declarative 

systems. This proposal is also supported by neurological research on social 

cognition(Satpute & Lieberman, 2006). The explicit memory system is characterized by 

dealing with what is traditionally referred to as facts, events, rules and labels in pedagogy 

and science education(Evans, 2008). The explicit knowledge is possible to verbalize and 

communicate. Associated to the explicit memory system is working memory, which is our 

conscious system(Sweller, van Merrienboer, & Paas, 1998). However, the explicit memory 

system is constrained by the limited capacity of working memory (Lieberman, Gaunt, 

Gilbert, & Trope, 2002; Marois & Ivanoff, 2005). Working memory may hold about five 

units at a time and the addition of any further units can lead to cognitive load(Ross, 1969; 

Sweller & Chandler, 1991).  

The implicit memory system deals with non-conscious knowledge (Berry & Dienes, 1993). 

Implicit memories are stored as multimodal sensory patterns of phenomena that we 

perceive, even non-consciously, in a specific situation – what we hear, feel, see and smell. 

Logan(1988) suggested that, “subjects store and retrieve representations of each individual 

encounter with a stimulus”. It is therefore feasible to suggest that each representation is 

stored in the implicit memory system as a unique holistic pattern (Björklund, 2008). The 

implicit memory system will constantly perform pattern matching processes. When we re-

experience a situation, the match will help us feel and act in the same way as we did the 

last time (Lieberman, 2000). Hence, we will experience a feeling of familiarity with the 

situation. Pattern matching is an automatic and rapid process which can impact behavior 

directly without being constrained by the processing limitations of working memory. Since 

the use of implicit memories should be considered as knowledge that is “hidden” from the 

practitioner it could be characterized as tacit knowledge (Polanyi, 1966). Even though the 

process of pattern matching is non-conscious, the implicit memory system may trigger a 

corresponding declarable label in the explicit memory system (Figure 1).  

The explicit and implicit memory systems have different retention properties. Explicit 

memories degrade fast (Fleischman, Wilson, Gabrieli, Bienias, & Bennett, 2004). This 

may serve as one possible explanation to why recall items, which request a declarable 

answer, have a shorter retention (Tunney, 2003). Implicit memories have shown to be 

long-lasting, and even lifelong (Dennis, Howard Jr, & Howard, 2006; Jenkins & Hoyer, 

2000). This would imply that the feeling of familiarity, or recognition, is more long-

lasting. Our starting point for this study is that recall tasks require explicit memories, while 

recognition tasks call for implicit memories..  
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RATIONALE 

We have formulated the following research questions to frame the study:  

 Investigate university students’ long-term retention from an ecology field 

excursion. 

  How do different ways of formulating the questions influence the type of 

memories evoked? 

 How may those results be explained using the dual memory system model?  

 

METHOD 

The original data collection took place during an ecological field excursion in southern 

Sweden. A biology teacher at university level brought his class out into the woods as a 

mandatory part of an ecology course. The excursion with a focus on the teacher was 

analyzed in a recently reported study by the present authors (Stolpe & Björklund, 2012a). 

The present study is focusing on the students and their memories 6 and 12 months later. 

The excursion was video recorded and from the video, we identified 16 important 

episodes. Each episode was then represented by a picture or a short film clip to be used as 

cues in a stimulated recall interview (Lyle, 2003). 6 months later four female students and 

one male student volunteered to participate in the interview. The interview lasted between 

45 and 60 minutes and was video recorded and fully transcribed. In every first encounter 

with a student we asked them “Could you please tell me what happened during this day?” 

They gave us a more or less comprehensive account of what took place. In the next step we 

gave them cues consisting of pictures or video clips and asked: “Could you please tell me 

something about this picture?”. We define this as a recall question. Later on, the questions 

were more focused (“Do you remember if anything special happened here?” or “Do you 

remember what the teacher talked about?”). At this stage the questions were still of recall 

character. Finally, if the student did not remember the situation or species at hand but 

showed a familiarity with the situation, a recognition question was posed. For example, “If 

I tell you that this is Ptilidium, is that familiar to you?” Twelve months following the 

excursion, all five students participated in a follow up interview. Three pictures related to 

the two categories of memories were selected as stimuli for this second interview, which 

was done by telephone. The interviews lasted for 10 to 15 minutes and were audio 

recorded and fully transcribed. 

 

RESULTS 

The six months interviews were analyzed by looking for examples of when and where the 

students did recall the names of species or when they were able to tell what was happening. 

We also searched for examples where the students recognized species or were familiar 

with a situation. Factors that may have influenced learning was noted, were the students 

active doing things, what was their mood, hunger, affect etc. Degradation of memories of a 

specific narrative told by the teacher during the day was also analyzed and have been 
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published elsewhere (Stolpe & Björklund, 2012b). Everybody remembered two sensational 

moments, an Elk and a Fox that surprised them all.  

J:I remember the big Elk at the lake and also the fox who came so close when we had a 

brake on the meadow. 

E:It was really exciting to meet wild animals. 

This could be described as “Flashbulb memories”, strong but not so relevant to the 

scientific content of the excursion. 

 The open question only gave incomplete and fragmented memories from the day but the 

cued, stimulated recall were effective.  

We found rather few recall of names and identification of species, and when so; they were 

connected to strong sensory or affective experiences. Some student identified the old 

man’s beard, Usnea filipendula: 

L:It’s bearded, long and with a beard. It was elastic so when you pulled, it snapped and 

sounded like this !  

T: It feels a bit spoungy, something between a horses  wet tail and a mushroom 

 

Detailed memories also surfaced from their own practical tasks, when they were digging, 

drilling or collecting samples. Even though we found few examples of recall there were a 

lot of strong recognitions, feelings of familiarity. The recognized the plant, and even the 

name, when told. 

 

T: I’m not totally sure. 

I: [. . .] There is a hillock, or large rock covered with vegetation. 

T: Mm, well on the hillock there were some orchids growing. [. . .] 

I: Do you remember its name? 

T: No, actually I don’t. 

I: Do you recognize. . . Creeping lady’s tresses [Goodyera repens]. 

T: Creeping lady’s tresses, yes I recognize it. 

 

CONCLUSIONS 

Recall questions and identification of species were hard to answer already after six months; 

this short-time retention could be understood if these kind of memories are stored in the 

explicit memory system. (Figure 1) 

Recognition questions use memories in the implicit memory system having a much longer 

retention. (Figure 2) Although the loss of names and declarable knowledge was evident the 

recognition of Signal Species is valuable even though the name of the plant is forgotten. 

Attentional and procedural skills that builds on implicit memories need to be learned in 

situ which shows the importance of field work and excursions in biology. 
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Abstract: This paper tests the Gender-Systemizing-Motivation model for physics, 

chemistry, and biology using structural equation modeling. This model, based on the 

Empathizing/Systemizing theory of cognition, has shown in various settings, including in 

cross-cultural contexts, that motivation to learn science is not directly gender-dependent. 

Students are motivated to learn science not because they are male or female, but because 

they are systemizers, and on average, more males tend to be systemizers than females, who 

on average tend to be empathizers. The present study confirms this model for physics and 

chemistry but not for biology. Moreover, the model suggests a second-order factor, 

identified as motivation to learn hard sciences, that reproduces the Gender-Systemizing-

Motivation model with even better fit and higher factor loadings than in the setting of 

motivation to learn general science. This provides empirical evidence for a structural 

difference between the teaching of hard sciences and the teaching of life sciences that may 

reflect an ontological difference. Further research on motivation should take these findings 

into account. 

 

Keywords: motivation, gender, cognition, hard sciences, life sciences 

 

 

INTRODUCTION 

This paper is conceived as a further step in a line of research that investigates cognition 

and motivation to learn science. It is committed to Empathizing/Systemizing (E/S) theory 

of Baron-Cohen and colleagues (Baron-Cohen, Knickmeyer, & Belmonte, 2005) and it is 

based on the Gender-Systemizing-Motivation model that has been confirmed in various 

settings (Zeyer, Bölsterli, Brovelli, & Odermatt, 2012; Zeyer & Wolf, 2010), most recently 

in a large cross-cultural study (Zeyer et al., 2013) involving more than 1200 students from 

four different cultures (Malaysia, Turkey, Slovenia, Switzerland). The structural model 

(Figure 1) used in these studies proved to be highly stable and cross-culturally invariant. 

At its core, this model argues that a systemizing cognition type (see below) is a much 

better predictor for motivation to learn science than gender. Indeed, the gender of a 

student, whether a boy or a girl, has no direct impact at all on their motivation to learn 

science. Systemizing, however, has a highly significant impact on motivation to learn 

science. It explains about 27% of its variance, which is a fairly high proportion.  

These findings entail consequences for science teaching. Instead of focusing on gender 

issues in motivation to learn science, research and teaching should also investigate the role 

of the two cognitive dimensions, systemizing and empathizing, in motivation to learn 

science. 

Systemizing is one of two basic cognitive dimensions in Baron-Cohen’s E/S theory. It is a 

person’s ability to perceive “physical things” and understand these objects and their 

function in the context of a system. A systemizer’s access to the world is organized in such 

a way as to identify details and their interconnections. The goal of this cognitive dimension 

is to identify rules that determine a system and understand how to predict the behavior of a 

Strand 2 Learning science: Cognitive, affective and social aspects

300



system. 

  

 

Figure 1. The Gender-Systemizing-Motivation model, from (Zeyer et al., 2013) 

 

The other cognitive dimension according to the E/S theory is empathizing. Empathizing is 

the ability to identify and perceive mental states. It is concerned with understanding people 

and their psychological makeup. In the Gender-Systemizing-Motivation model, the 

Empathizing Quotient (EQ) has no impact on motivation to learn science.  

The basic principle of the E/S theory is that people use both of these psychological 

dimensions. However, one of them generally dominates. A person who is more influenced 

by systemizing is described as having a systemizing cognitive style; those who are more 

influenced by empathizing have an empathizing cognitive style. Our line of research has 

provided large evidence that systemizers are potential scientists, i.e. they feel naturally 

motivated to learn science, while empathizers are not. Therefore, these two cognition types 

need different teaching approaches in science education (for a detailed discussion cf. Zeyer 

et al., 2013). 

 

RATIONALE 

Studies to date have used Science Motivation Questionnaire (SMQ) of Glynn and Koballa 

(Shawn M. Glynn & Koballa, 2006), which is a general motivational scale and does not 

differentiate between various science subjects. However, the SMQ scale exists and has 

been validated for the science subjects physics, chemistry, and biology as well. 

The rationale of this study was to use the three subject-specific SMQs in order to confirm 

the Gender-Systemizing-Motivation model for physics, chemistry, and biology likewise.  
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The rationale for this is twofold. First, most studies that have examined motivational 

gender differences in the different science subjects have reached the conclusion that girls 

favor life sciences, while boys are prefer hard sciences (Kjaernsli & Lie, 2011; Sikora & 

Pokropek, 2012). This is different to the situation for general motivation to learn science, 

where research has remained inconclusive about whether there is really a motivational 

gender difference in science (Glynn, Taasoobshirazi, & Brickman, 2007). Thus, applying 

the Gender-Systemizing-Motivation model to different subjects is a particularly rigorous 

test of this model.  

Second, since boys seem to favor hard sciences, it would be expected that the Gender-

Systemizing-Motivation model would have to be modified only slightly, if at all, for 

physics and chemistry. However, given that girls on average seem to like life sciences, one 

would expect problems with the model in biology. In particular, because life sciences 

involve “mental states”, it may be expected that the second cognitive dimension – 

empathizing – might come into play. 

All in all, testing the Gender-Systemizing-Motivation model on different science subjects 

provided two opportunities. It was a particularly rigorous test for the model itself, and it 

promised to provide more information about the relative importance of the two aspects of 

systemizing and empathizing in motivation to learn science.  

 

METHODS 

The sample comprised a total of 147 students aged 15 to 17 years (mean=16.2, 

SD=1.1).They all were from the same school, a Swiss Gymnasium, and they qualified for 

the study because they were enrolled in all three science subjects. The Gymnasium was a 

boarding school that hosted students from all parts of Switzerland. Therefore, the sample 

was considered to be representative of average Swiss Gymnasium students. It consisted of 

approximately 48.1% males and 51.9% females.   

The students were visited in their classes where they were required to fill in the 

questionnaires. They were informed that a study was being conducted to further understand 

students’ motivation to learn science. The general research conditions were presented, and 

the questionnaires were distributed. The students had a break between each questionnaire, 

and the completed questionnaires were then collected. The same process was used for each 

class.  

Part A of the questionnaire consisted of the short form of Baron-Cohen’s Systemizing 

Quotient (SQ) and Empathizing Quotient EQ questionnaires (Wakabayashi et al., 2006). It 

consists of 36 cognitive forced-choice items. The SQ includes questions such as “If I had a 

collection (e.g. coins, CDs, stamps), it would be highly organized,” and “When I learn a 

language, I become intrigued by grammatical rules.” The EQ includes items such as “I am 

good at predicting what someone will do” to measure cognitive empathy, and “I usually 

stay emotionally detached while watching a film” to measure the affective component of 

empathy.  

 

Part B of the questionnaire was the 30-item Science Motivation Questionnaire SMQ 

(Glynn & Koballa, 2006), adapted to each of the three science subjects. Typical items for 

this questionnaire were “I enjoy learning physics/chemistry/biology,” “Earning a good 

physics/chemistry/biology grade is important to me,” or “I am confident I will do well in 

the physics/chemistry/biology labs and projects.” Students responded to each of the 30 

randomly ordered items on a five-point Likert-type scale, ranging from 1 (never) to 5 
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(always). Items on anxiety about science assessment were reverse-scored such that a higher 

score on this component corresponds to less anxiety. 

Using structural equation modeling, a two-step process was established to confirm the 

model (Jöreskog, 1993). All the estimates were produced using AMOS 16.0 (Airbuckle, 

1997) and the maximum-likelihood estimation method. As a first step, the EQ, SQ and 

SMQ measurement models were tested through confirmatory factor analysis. The full 

structural model was tested directly in the second step. The structural model reflected the 

core hypothesis of this study that the impact of gender on motivation to learn science 

would be fully mediated by SQ. However, at the start of the testing process, the basic 

structure of the full model also included EQ scores. The role of EQ was assumed to be 

symmetrical to the role of SQ, even though the previous studies had showed that EQ had 

no impact on SMQ.  

 

To include SQ, EQ, and SMQ as single latent variables in the model, each underwent 

substantial item reduction. Given the sample size and the number of SMQ items, a final 

number of 12 to 15 items was deemed adequate for the structural model. This number was 

achieved through parceling, which is a widely used and theoretically and experimentally 

well-sustained approach for item reduction (Bandalos & Finney, 2001).  

 

RESULTS 

Figure 2 presents the basic full structural model that includes all involved factors for 

gender, EQ, SQ, and SMQ. 

 

 
Figure 2. The full structural (second-order) model 
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In this model, all factor loadings were highly significant (p<.001) except for the direct 

impact of gender on Motivation “Hard Sciences” and the direct impact of EQ on 

Motivation “Hard Sciences”, which were both very low and not significant.  

 

The factor loadings of the measurement instruments were statistically highly significant 

(p<.001), and the corresponding signs concurred with the hypotheses. The standardized 

estimates, from 0.61 to 0.92, confirmed the formal validity of the individual items (c.f. 

Bollen, 2002). Descriptively, the model worked very well, which was first indicated by a 

highly acceptable goodness-of-fit index (GFI) of 0.922. Second, the baseline comparison 

(CFI) was 0.995. From an inferential point of view, the model was compatible with the 

data (CMIN/DF=1.115). Finally, RMSEA=0.031 and PCLOSE=0.801 indicated a very 

good fit (for fit measures, see Airbuckle, 1997, 551ff).  

 

The standardized regression weight of the SQ on the SMQ (.705) was high. Thus the 

explanatory power of the model was high. The impact of the SQ explained 50% of the 

variation of the variable Motivation “Hard sciences”.  

 

There was also a highly significant factor loading of gender on the SQ. The standardized 

regression weight was negative (-0.455) because this variable represented “female” with 

the value 1 and “male” with the value 0. Therefore, in this model, males had a higher SQ, 

which aligns with the E/S theory. The impact of gender explained 21% of the variation of 

the SQ.  

  

DISCUSSION AND CONCLUSION 

Figure 2 shows two salient results. First, the model is a second-order model, i.e. a second-

order variable was introduced that integrates motivation to learn physics and motivation to 

learn chemistry to a higher level internal variable. Second, the variable motivation to learn 

biology does not appear in the definitive structural equation model, because this variable 

proved to be completely disconnected from the rest of the model, except for the gender 

variable. 

The first finding can be easily interpreted. The new second-order variable represents the 

motivation to learn hard sciences. This variable replaces the SMQ variable of the previous 

studies in the model, and its relation to the variables of gender and SQ accurately 

reproduces the findings of previous results. Motivation to learn hard science is highly 

influenced by systemizing cognition, while the EQ, representing the empathizing 

cognition, has no significant influence on this variable. Gender only indirectly affects the 

motivation to learn science, through its impact on SQ. Girls tend to be less motivated to 

learn hard sciences not because they are girls, but because they tend to be less systemizing 

than boys.  

In fact, systemizing explains 50 percent of the variance of motivation to learn hard 

sciences, and the indirect effect of gender on motivation to learn science is .34, which both 

are fairly high values. 

The second finding is harder to understand. Motivation to learn biology was completely 

disconnected from the rest of the model. Obviously, this means that there is no impact of 

gender on motivation to learn biology and no impact of systemizing on this variable. 

Contrary to our expectations, the EQ also has no effect on motivation to learn science. The 

Gender-Systemizing-Motivation model seems simply not to apply to biology.  
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One possible interpretation takes into account that the cognitive dimension of systemizing 

involves two aspects. One is ontological, namely that “physical things”, i.e. things with a 

third person ontology, are the cognitive target of systemizing. The other is epistemic, i.e. 

the representation of these targets in terms of systems. This constellation results in an 

interesting difference between hard sciences and life sciences. Hard sciences are 

systematic and concerned with “physical things”, i.e. third person ontological objects, 

while life sciences are systematic yet partially concerned with “mental states”, i.e. first 

person ontological objects. If the epistemic aspect is more important, then systemzing is a 

good predictor for both hard science and life sciences. If the ontological aspect is 

dominant, then the prediction of systemizing is worse for life sciences than for hard 

sciences. Thus, the here presented results suggest that the ontological aspect is more 

important, i.e. that it is the drive towards third person ontological phenomena that 

promotes the motivation to learn hard sciences. On the other hand, the presence of third 

and first person aspects in biology may neutralize each other and thus explain the lack of 

systemizing’s influence on motivation to learn biology.  

Independent of these questions of first philosophy, three conclusions can be drawn for 

science teaching. First, gender does not play a direct role in motivation to learn science for 

any of the three science subjects, physics, chemistry, and biology. This is different to other 

findings in research literature and confirms the results of our previous studies. 

Secondly, the Gender-Systemizing-Motivation model applies very well to the hard 

sciences. Its fit is even better, and its factor loadings are even higher than in studies on 

motivation to learn general science.  

Third, the model reveals a substantial structural difference between biology (life sciences), 

and hard sciences, which could be the effect of ontological differences between life 

sciences and hard sciences.  

Further research on these findings will necessitate new approaches for teaching and 

learning the hard sciences and for working with empathizing students in particular.  
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Abstract: The initial point for this study is the below-average performance of lower 
secondary Austrian students in science compared with other OECD countries. Seeking 
for strategies to improve the quality of science teaching, this study investigates the 
teaching method cross-age peer tutoring. The main focus lies on the aspect whether this 
method is an appropriate instructional strategy for science teaching. We understand 
cross-age peer tutoring as a process where older students, who are not professional 
teachers, instruct younger ones and thus increase their own knowledge by teaching. This 
definition includes a shift of research interests from tutees towards tutors. The study 
was conducted in four different schools, investigating n = 172 students from grades 5 to 
8 who acted in different roles: as tutees, as tutors, or as both. A pretest-posttest-design 
was chosen to investigate the achievement in electricity for several topics within the 
context of electricity. Besides the overall achievement in electricity due to this teaching 
method, the focus of this study lies on the possible differences in achievement that 
could be attributed to the different roles within the tutoring process (active tutors – 
passive tutees). Analyses were carried out by comparing means. Finally, a multiple 
linear regression model is presented to summarize the research results and to estimate 
the posttest scores based on relevant parameters which turned out to be: role, pretest 
score and first language. Results indicate that the active role is the crucial one for an 
increase in achievement in electricity. 
Keywords: cross-age peer tutoring, physics, tutors, tutees 
 

INTRODUCTION 
Since the Industrial Revolution peer tutoring has been applied in various contexts, 
perceiving tutors mainly as surrogate teachers. In modern school systems peer tutoring 
is a common means to improve the performance of low achieving students. This method 
is also applied at the interface of different school types. The actual study focuses on 
whether peer tutoring is a suitable method for this purpose. 

 
THEORETICAL BACKGROUND 

Cross-age peer tutoring (CAPT) 
In order to give a modern and concise definition of peer tutoring, it is defined as follows 
by Topping (1996, p. 322): “People from similar social groupings who are not 
professional teachers helping each other to learn and learning themselves by teaching”. 
“For cross-age peer tutoring we use the same definition, but the tutor is older than the 
tutee.” (Gaustad, 1993, p. 1). This definition includes tutors as well as tutees and thus 
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considers more likely the full range of processes taking place within the tutoring 
process. 

Topping’s definition is more concise than older definitions, which repeatedly perceive 
tutors as surrogate teachers and do not consider the full range of aspects taking place 
during the tutoring process. The modern definition also indicates a shift of the research 
focus from tutees towards tutors. A review of present literature (e.g. Cohen, Kulik, & 
Kulik, 1982; Robinson, Schofield, & Steers-Wentzell, 2005; Rohrbeck, Ginsburg-
Block, Fantuzzo, & Miller, 2003) reveals that there are hardly any studies concerning 
science teaching, especially in the contexts of physics. Moreover, few studies cover the 
age group of lower secondary students.  

Previous studies and metastudies reveal that peer tutoring as well as CAPT show bigger 
effects if the tutoring is well structured, cross-age and if the interventions are not too 
long (Cohen, et al., 1982; Robinson, et al., 2005). CAPT is also more effective if it is 
knowledge-orientated and restricted to basic concepts. Additionally, it is better if 
students act in both roles, as tutors and tutees (Topping, 1996). Finally, the age gap 
between tutors and tutees should not exceed four years because the success of CAPT is 
based on a give-and-take friendship between tutors and tutees (Fogarty & Wang, 1982). 

In older studies it has always been stated as clear that the benefit of CAPT is on the 
tutees’ side because they improve their achievement and their attitudes toward learning. 
Recent studies rather focus on the knowledge gains for tutors which are surprisingly 
high (Robinson, et al., 2005). Additionally, CAPT supports the three basic needs, which 
are autonomy, competence and relatedness according to the Self Determination Theory 
(Deci & Ryan, 1993; Niemiec & Ryan, 2009). According to Topping (1996), CAPT 
enhances an intense cognitive processing which should lead to a higher order of 
conceptual understanding.  

Students’ conceptions 
Students we teach in science classes already have pre-instructional conceptions in their 
minds. These conceptions are often labeled as students’ conceptions (Duit, 2009; 
Wandersee, Mintzes, & Novak, 1994). In many cases they are contradictory to scientific 
conceptions. Their origins often emerge from everyday life and common speech. During 
an effective learning process they have to be fundamentally restructured (conceptual 
change). This influences the way of how science should be taught. Research shows that 
conceptual change is not facilitated by just making students aware of their pre-
instructional conceptual structures. These conceptions are usually very stable (Duit, 
Treagust, & Widodo, 2008). The best known approach to conceptual change comes 
from  Strike and Posner (1992) who claim four conditions that need to be fulfilled in 
order to facilitate this change: students’ dissatisfaction with their prior concepts and a 
replacement conception which is intelligible, plausible and fruitful (Duit & Treagust, 
2003).  

 
RESEARCH QUESTIONES 
Previous studies cover a large scale of different settings, different age groups and 
different subject matters. Various academic, attitudinal and socio-emotional outcomes 
are reported. What is not sufficiently answered is the question whether CAPT as a 
teaching method is appropriate to teach physics for students aged from 10 to 14 years. 
This age group seems rather important because OECD studies have revealed that the 
difference between high and low achievers emerge there. Moreover, at the age of 14 
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ends compulsory education in Austria and Austrian students perform statistically 
significantly below the OECD mean in science (OECD, 2010). 

Thus, this study was guided by the following research questions: 

1 What is the achievement in electricity for students aged 10 to 14 years according 
to CAPT? 

2 Is there an achievement in electricity for tutors? 

3 Can the differences in achievement be attributed to the different roles that 
students had during the tutoring process? 

4 Which are relevant predictors to estimate the posttest scores? 

 
RESEARCH DESIGN 
The study was conducted in four different schools, investigating n = 172 students from 
grades 5 to 8 who acted in different roles: as tutees, as tutors, or as both. 

Mentoring and tutoring 
The tutor-classes were trained before the tutoring sessions in a so-called mentoring. 
According to Fogarty and Wang (1982), it is better to do so if the subject matter is 
completely new to both tutors and tutees. During the mentoring the tutors became 
familiar with the subject matter by working on a worksheet. In the following discussion 
they were encouraged to realize and reflect their own conceptions. Finally, suitable 
learning material for the tutoring was prepared and selected. The mentoring took place 
some weeks prior to the tutoring and lasted approximately 100 minutes. 

Before the actual tutoring took place the soon-to-be tutors prepared their materials for 
the tutoring. The students repeated the contents once more by a role-play using cue 
cards with questions on it and sometimes with answers on the back. This kind of 
scaffolding for the tutoring seemed to be necessary, because the classed we worked with 
included low achieving students. According to Helmke and Weinert (1997) low 
achieving students require highly structured interventions. Finally, the students got 
instructions on how to teach, based on the predict-observe-explain idea (POE) (White & 
Gunstone, 1992). This preparation and repetition lasted approximately another  20 to 30 
minutes. 

The tutoring itself was conducted within a one-to-one setting, based on specific contents 
in electricity. We used a cross-age and cross-ability design, where tutors were one to 
four years older than tutees. The tutoring lasted approximately 40 to 50 minutes. 

Test design and different roles 
For testing the achievement in electricity, a pretest-posttest design was chosen. The 
pretest was conducted before the mentoring, the posttest after the (last) tutoring. The 
test items were selected from a multiple choice conceptual knowledge test which is 
based on students’ conceptions, mainly using two-tiered items (Urban-Woldron & 
Hopf, 2012). A sum score of all items was calculated. 

Figure 1 gives an overview of the test design. It also displays the different possible roles 
during the tutoring: Students of class A acted in the role of tutors only. Students of class 
B received a tutoring. Some weeks later they got their own mentoring and then 
conducted another tutoring with class B. Therefore the students of class B acted as 
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tutees and tutors whereas students of class C acted as tutees only. Depending on the 
situation in the schools CAPT instruction of a simple type took place (class A  
class B) or of a more complex type (class A  class B  class C). 

 

 

 

 

 

 

 

 
 

 

 

 
Figure 1: Test design, pretest and posttest  

 
RESULTS 
Sample characteristics 
The total number of students investigated is n = 172, 62 % male and 38 % female 
students. The distribution of roles within the tutoring process is displayed in figure 2: 
55 % were tutors-only, 25 % acted as tutee-tutors and 20 % as tutees-only. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Distribution of roles within the tutoring process 
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First language and language of instruction (German) are identical for 68 % of the 
students, whereas 32 % had a different first language. 

Research questions 
Concerning research question 1, referring to the overall achievement in electricity, a t-
test (table 1) indicates a highly significant difference between the mean scores of pre- 
and posttests within the population (t163 = 5.826, p < .001). The effect size due to the 
treatment is .46 with a statistical power of .99. 

 

Table 1 

Comparison of pretest with posttest for all students 

Paired Samples Test  
   Paired Differences   

T 
 
df 

  
Sig. (2-tailed)Mean  SD 

Pretest– 
Posttest  -1.421 3.123 -5.826 163 .000 

 

Research question 2 asked whether there is an achievement in electricity for tutors. 
Again, a t-test for the tutor-group was conducted. As shown in table 2 there is a highly 
significant difference (t90 = 3.976; p < .001) for the tutors with an effect size of .41 and 
a statistical power of .95. 

 

Table 2 

Comparison of pretest with posttest for tutors-only 

Paired Samples Test  
   Paired Differences   

T 
 
df 

  
Sig. (2-tailed)Mean  SD 

Pretest– 
Posttest  -1.242 2.98 -3.976 90 .000 

 

According to research question 3, further analysis tested the differences in the posttest 
scores according to the roles. For a sample size of n = 164, ANOVA reveals highly 
significant differences in the posttest scores between the groups (F2,162 = 6.716; 
p = .002) with an effect size of .66 and a statistical power of approximately 1 as shown 
in figure 3. 
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Figure 3: Mean posttest scores and 95 % confidence interval (CI) according 
to the three roles. The circles indicate the mean, the bars the CI. 

Additional contrast tests reveal that the most significant contrast appears when the 
active role (tutors-only and tutees/tutors) was tested against the passive role: t = 3.84; 
p < .002.  

Answering research question 4, the predictors that turned out to be significant from 
correlation analyses were selected for a multiple linear regression (MLR) to estimate 

 

Table 3 

MLR model shows constant and standardized 
coefficients Beta with p<.1 *, p<.005 ***, p<.001 *** 

Model 1 2 3 

Constant 3.808*** 1.428* 2.234* 

Pretest 0.426*** 0.360*** 0.349*** 

Is_Tutor  0.263*** 0.281** 

First Language  0.195** 0.141* 

Grade  -0.103 

Gender  -0.048 

N 142 142 142 

adj. R2 0.175 0.254 0.253 

F empir 30.970*** 17.004*** 10.574*** 

Effect Size 0.21 0.34 0.34 
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the posttest scores. Three models are compared in table 3. Model 1 only uses the effects 
of the pretests as a predictor. Model 2 takes the active role and the first language into 
account, whereas model 3 additionally considers gender and the last grade in physics 
students were given by their class teachers. 

We prefer model 3, because it includes relevant parameters deduced from theory. 
Moreover, it is the simplest model, containing significant parameters only and shows 
the highest adjusted R2. 

 
CONCLUSION 
Our results support the outcomes reported in literature from previous studies and extend 
them to the age group of lower secondary level students. They clearly reveal that there 
is an enhanced achievement for secondary level students (aged 10 to 14) in electricity 
due to the CAPT intervention which can be interpreted as relevant for the population. 
Investigations on the relation between outcome and role indicate that the active role is 
the crucial one: tutors improve their own abilities by teaching and the most significant 
differences can be found between active and passive role.  

Concerning MLR models, deduced from theory, relevant predictors turned out to be the 
pretest score, the role within the tutoring process and the students’ first language. An 
interesting point is that, although the context is based on physics, gender does not seem 
to be a significant predictor for a high or low achievement in electricity. The last grade 
in physics given by the class teachers also turned out not to be significant.  

Concerning the limitations of the study, a conceptual change cannot clearly be detected 
by this kind of analyses, although data provides hints that this conceptual change is 
initiated by CAPT. This is correlated to the fact that quantitative research cannot 
describe the intrinsic mechanisms of the tutoring process accurately. Although attempts 
are made to relate effects on attitudinal outcomes to achievement in electricity we have 
not been successful until now.  

Our results implicate that CAPT is supposed to be an appropriate method to teach 
physics and thus CAPT can be recommended as a teaching method in regular classes. 
Being aware of a possible conceptual change the mentoring and the possibility given to 
the students to reflect about their own conceptions seems to be an important part of the 
whole process. 
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Abstract: The relationship between different teaching methods, lower secondary 

school students’ performance in biology and their attitudes to learning biology were 

studied. The survey data consisted of 2 989 ninth grade students responses to from 97 

comprehensive schools.  Teacher-led instruction, individual work, interactive work, 

inquiry-based approach, visits outside the school, use of information and 

communications technology (ICT) and methods that enhanced students’ autonomy 

were found when Likert-scaled items measuring the use of different teaching methods 

were analysed with explorative factor analysis (EFA). Multiple choice questions and 

production assignments were used to measure students’ knowledge and cognitive 

skills. Attitude dimensions like the utility of biology, liking of biology as school 

subject and self-concept in learning of biology were also found with EFA. The EFA 

scores were analysed on the school level as the averages of 97 schools. Students’ 

school-specific average performance in biology correlated strongly only with inquiry-

based teachingmethod. Different attitude dimensions correlated more strongly with 

interactive work than with teacher-led instruction. Use of ICT correlated only slightly 

with the attitude dimensions of utility of biology and liking of biology as school 

subject. Visits outside the school did not correlate with any of the studied dimensions. 

The results indicate the importance of inquiry-based teaching approach in the lower 

secondary school biology. It is important for the students to make experimental 

investigations and observations, take part in biology demonstrations, ponder causes 

and effects and apply knowledge to everyday live. Student-centred, activating and 

participatory methods are essential to enhance students’ attitudes to learning biology 

in the Finnish lower secondary school. 

Key words: biology education, performance, attitudes, teaching methods, inquiry-

based learning 

 

INTRODUCTION 

The main goals of science education are to develop understandings of biological 

systems, the methods of scientific inquiry, prepare students to make responsible 

decisions concerning science-related social issues and inform students about possible 

science careers (Bybee, Carlson-Powell & Trowbridge, 2007). To reach these goals, 

different learning environments, teaching approaches and methods are important 

aspects to consider also in school biology education.  For instance, Joyce and Weil 

(2011) define teaching as information processing models, personal models, social 

interaction models and behaviour modification models.  

To develop science education, it is also important to know factors that influence 

students’ performance and motivation to study. Many internal and external factors are 

known to influence students’ achievements and interests in learning of science. In 
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many studies, attitudes have been found to play an important role in learning. For 

instance enjoyment of science, the beliefs on the utility of science and self-esteem at 

science are factors that influence students’ attitudes (Osborne, Simon & Collins, 

2003). Attitudes towards science are important personal factors that influence 

students’ motivation to study different science subjects. For instance in Finland, 

students’ interest in biology and their out-of-school experiences are found to relate 

with each other (Uitto, Juuti, Lavonen & Meisalo, 2006). Strong correlations between 

ninth graders´ interest in biology, and their environmental values and attitudes have 

also been found, indicating the importance of affective factors in learning of biology 

and especially ecology and environmental issues (Uitto, Juuti, Lavonen, Byman, & 

Meisalo, 2011). As for the upper secondary school, students’ interest in biology and 

their intentions to orientate towards biology-related future occupations were mostly 

related with the interest in biology topics and self-efficacy beliefs in the success in 

school biology (Uitto, in press). The learning outcomes and subject choices are 

influenced by the relative stabile self-concept of the students, as well as their 

perception of their own skills to solve or run a specific, goal-oriented task (Bandura, 

1997). Meta-analyses have shown that secondary students’ self-efficacy contributes 

many ways to their academic performance (Multon, Brown, & Lent, 1991). 

The role of the educational evaluation is to provide information on how the goals for 

the education have been reached. To clarify the relation of biology classroom 

activities and students’ performance in biology and attitudes to learning biology, we 

used the large survey data provided by the Finnish National Board of Education 

(FNBE) (see Kärnä, Hakonen & Kuusela, 2012). For this study we asked the question: 

what is the relationship between teaching methods, grade nine students’ performance 

in biology and attitudes to learning biology? 

 

MATERIAL AND METHODS 

Large-scale surveys are able to provide overall information on factors influencing 

students’ performance, motivation to study science subjects and orientate towards 

science-related occupations. In this study students’ performance and attitudes to 

learning biology were investigated using the data provided by the FNBE (Follow-up 

assessment in natural sciences, Kärnä, Hakonen & Kuusela, 2012). The theoretical 

and methodological background for the attitudes can be related to the studies of 

Fennema and Sherman (1978) and Metsämuuronen (2012), for performance to 

Krathwohl (2002) and for teaching methods to Joyce and Weil (2011). 

A stratified sampling method was used when collecting the nationally representative 

data in 2011. Together 2 989 grade nine students from 133 schools participated the 

study involving 52% of boys and 48% of girls. The items measuring teaching methods 

and attitudes to learning biology were analysed with explorative factor analysis (EFA) 

using Principal axis factoring and Oblimin with Kaiser Normalization rotation 

method. Only the items with loadings higher than 0.3 and factors with Cronbach’s 

alfa higher that 0.6 were accepted to the final analyses. The factor score variables 

calculated by EFA were analysed on the school level, so that school-specific averages 

of each variable were calculated for 97 schools with at least 20 ninth graders. The 

results are presented as school level only. Relationship between different variables 

was studied by using Pearson’s two-way correlation coefficients.  To study how often 

each of the teaching methods were used, average for the items forming different 

variables were also calculated. 
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Teaching methods 

Teaching methods were studied with 29 items reflecting students’ conceptions on how 

often various activities and learning environments were used in biology lessons.  

Students’ responses were asked using a 5-point Likert-scale: 1= never, 2 = seldom, 3 

= sometimes, 4 = often, 5 = almost always. For instance teaching method emphasizing 

teacher-led instruction includes statements like: The teacher teaches a new topic by 

writing notes on the blackboard and Students make notes in their notebook and use 

them in their studies. The items measuring for instance inquiry-based approach 

concerned the following activities: pondering of causes and effects, making 

observations, stating different viewpoints to the studied phenomena, applying learned 

issues to everyday life, making experimental work and taking part to demonstrations. 

The items were reduced by using explorative factor analysis (EFA). 

 

Performance in biology 

The assignments to measure performance in biology were chosen to reflect the 

objectives and contents of biology mentioned in the core curriculum for basic 

education (NFBE, 2004). Together there were 36 multiple choice questions and six 

production assignments, which measured factual and conceptual knowledge, 

procedural knowledge and cognitive skills. The assignments consisted of 1) 

reproduction, heredity, evolution, 2) human structure and vital functions, 3) the 

structure and function of ecosystems, and 4) the structure and classification of 

organisms (Kärnä et al., 2012). 

 

Attitudes to learning biology 

According to Fennema & Sherman (1978) and Metsämuuronen (2012), affective 

factors concerning students’ beliefs on their learning can be divided into three 

different attitude dimensions; a) liking the subject (e.g. I like biology lessons), utility 

of the subject (e.g. Biological knowledge and skills are important in everyday-life 

situations) and self-concept in the subject (e.g. I think I’ am good in biology).  These 

factor dimensions were also used in this study to find out students’ attitudes to 

learning biology at school. Attitudes were measured with a 5-point Likert-scale: 1 = 

totally disagree, 2 = rather disagree, 3 = nor disagree or agree, 4 = rather agree, 5 = 

totally agree. 

 

RESULTS  

Teaching methods 

To reduce the data, two different EFA was carried out, because it was not possible to 

find reliable factor solution for all teaching method items together. For the first 

analysis items that reflected inquiry-based approach and different learning 

environments provided the best EFA solution. For the second EFA items that 

emphasised other personal, social and information processing methods were used.  In 

the first EFA three factors were found, in which the number of items varied from two 

to six and Cronbach’s alfa varied from 0.6 to 0.8. The factors were named as Inquiry-
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based approach, ICT learning environment and Visits outside the school.  In the 

second EFA there were four factors, named as different teaching methods: Group 

work/interactive work, Teacher-led instruction, Methods enhancing students’ 

autonomy and Individual work. The number of items in different factors varied from 

two to five. The last factor, Individual work, was left out from the further analysis, 

because its internal consistency was low (Cronbach’s alfa = 0.4). In other factors the 

alfa varied from 0.6 to 0.7. The averages of the first EFA factors items varied between 

1.4 (visits outside the school) to 2.6 (inquiry-based approach) (SD  =  0.65–0.83), 

indicating that in students’ opinion these teaching methods or learning environments 

were quite seldom used in biology education. As for the second EFA, the item 

averages varied from 2.6 (Group work/interactive work) to 4.2 (Teacher-led 

instruction) (SD = 0.67 – 0.90). 

 

Performance and attitudes 

In general, the success rates measured as the percentage of correct answers of the total 

score indicated that for the students it was most easy to remember factual and 

conceptual knowledge. The success rate was 59% in the assignments that measured 

remembering and understanding in knowledge concerning cell, plant, animal and 

human biology. Procedural knowledge concerning issues in evolution, human 

biology, ecology and microbiology was more demanding, because the success rate in 

these assignments was 39% (see Kärnä et al., 2012). Girls scores exceed significantly 

boys scores in both knowledge categories (t = 6.0–12.4, p < 0.001). The power of the 

difference varied from small to large (Cohen’s  d  = 0.21–0.45). 

In analysing the attitudes with EFA, five different attitude items were loaded for each 

of the three attitude dimensions. Cronbach’s alfa varied from 0.8 to 0.9 for the factors, 

indicating high internal consistency. The item averages of different attitude 

dimensions varied from 3.1 to 3.3 (SD = 0.8–0.9), revealing that the students had 

slightly positive attitudes to learning biology. Girls had higher factor scores in every 

attitude dimensions (t = 5.8–12.0, df = 2 979, p < 0.001, d = 0.2–0.4). 

 

The relationship between teaching methods, performance and 

attitudes 

The main results on the relationship between teaching methods, performance and 

different attitude dimensions are shown in the Table 1. Inquiry-based teaching 

approach was the only dimension that correlated strongly both with performance (r = 

0.42) and different attitude dimensions (r = 0.35–0.53). Group work/interactive work 

as well as teaching methods that enhanced students’ feeling of autonomy correlated 

significantly with all attitude dimensions (r = 0.37–0.51). Teacher-led instruction 

correlated most strongly with the liking of biology as school subject (r = 0.36). The 

use of ITC as learning environment correlated slightly with the attitude dimensions of 

the utility of biology and the liking of biology (r = 0.25–0.31). 
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Table 1 

Pearson’s correlation coefficients (r) between teaching methods, performance in 

biology and three attitude dimensions. The correlations are calculated using the 

means of 97 schools 

Teaching method or  

learning environment 

Performanc

e in 

biology 

Attitude  

dimensions 

Self-concept 

in biology 

Utility of 

biology 

Liking 

biology as 

school subject 

Inquiry-based approach .42** .35** .51** .53** 

Visits outside the school -.056 -.11 -.05 -.04 

ICT learning 

environment  

.16 .09 .31** .25* 

Group work/Interactive 

work 

.26* .38** .44** .43** 

Teacher-led instruction .12 .29** .29** .36** 

Methods enhancing 

students’ autonomy 

.18 .37** .42** .51** 

Note. *p < 0.01, **p < 0.001 

 

DISCUSSION 

In this study the relative importance of different teaching methods on ninth grade 

students’ performance in biology and attitudes to biology were investigated. The 

results emphasize learner-centred, inquiry-based and collaborative approaches for the 

performance in biology and positive attitudes to biology as a school subject.  

However, inquiry-based approach have not used routinely in the biology classroom. 

To develop biology education, it is important to take into account that pondering of 

causes and effects, making observations, stating different viewpoints to the studied 

phenomena, applying learned issues to everyday life, making experimental work and 

taking part into biology demonstrations are important to enhance both learning 

outcomes and evoke students’ interest and motivation to study biology in the lower 

secondary school. Interactive teaching and methods that enhance students’ autonomy 

were connected to all attitude dimensions, which emphasize the importance of 

affective and social factors in science education (Deci & Ryan, 2004; Krapp & Prezel, 

2011; Osborne et al., 2003). 

It is also important to know, that as such, the most frequently used teacher-led 

instruction was not related to students’ performance in biology. However, teacher-led 

instruction correlated somewhat with the attitude dimensions, mostly with the liking 

of biology as school subject. This may indicate that the students liked that the biology 

teacher explains and discusses with them for instance on complex biological 

phenomena. It is plausible, that if teacher-led instruction and guidance is combined 

for instance with inquiry-based approach, learning would be effective both 

cognitively and affectively.   
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ICT is considered to be an important learning environment in teacher education and in 

everyday school-life in Finland (Lavonen, Krzywacki, Koistinen, Welzel-Breuer & 

Erb, 2012; Niemi, Kynäslahti, & Vahtivuori-Hänninen, 2012). However, this study 

reveals that as such, ICT did not enhance students’ performance in biology but it 

correlated slightly with two attitude dimensions; the utility of biology and the liking 

of biology as school subject. More research would be needed to find out the benefits 

of ICT in biology education. ICT can be used various ways in learning biology, for 

instance the documentation of field trips and species identification by using mobile 

devices has been suggested (Uitto et al. 2006). Using ICT may also diminish gender 

differences in attitudes to learning biology at school (Uitto et al. 2006). 

According to students’ responses, visits outside the school were infrequently carried 

out and the visits did not have influence on students’ learning outcomes. The visits 

did not enhance students’ attitudes to learning biology, which is surprisingly because 

for instance a national history museum,  botanical garden or zoo are considered as 

motivating learning environments (Dohn, 2013;  Patrick & Tunnicliffe, 2013). 

Besides learning biology, visits outside the school could be used many ways to 

connect the surrounding society to school education. Visits could help students to 

understand socio-scientific issues and orientate towards future studies and 

occupations. However, learning in out-of-school environments are generally not well 

prepared and evaluated by the teachers (Kisiel, 2003), which is a challenge for teacher 

education. Schools’ resources to organize visits are often limited, thus the few visits 

should be carefully planned and related to biology curriculum. 

In conclusion, to develop secondary school biology education, it is important to notice 

that inquiry-based approach was the only method that clearly related to students’ 

learning outcomes in biology. According to our study this means that students were 

actively using their cognitive skills to solve problems and applying their knowledge 

and skills in different situations. This probably means that the students were allowed 

to work with problems and questions that fit their interests and skills. Student-centred 

and collaborative teaching methods should be used to enhance students’ attitudes to 

learning biology. More studies should be carried out to find out what kind of methods 

are cognitively and affectively valuable in ICT and out-of-school learning 

environments.  
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Abstract: The scope of this paper is to explore ways of motivating weak secondary 
vocational school students to participate in the educational process of technical 
subjects. Secondary vocational school students are in average much weaker students 
than the students of general schools, exhibiting great difficulties in subjects like 
mathematics and physics, and also in the use of language. As a consequence, they 
have a much lower self-esteem than general secondary school students. On the 
contrary, these students are well skilled in the use of laboratory equipment, taking 
measurements and constructing components for devices. A way to motivate students 
to participate in the educational process is to introduce a scientific project, on which 
the students can work parallel to the formal educational subject. Such a scientific 
project is free from the constrains of the curriculum, students can show their abilities, 
and learn how to apply the scientific method. The results from the introduction of two 
such projects in two classes showed that such an approximation can enhance their 
self-esteem and lead to a positive attitude of the students towards technical subjects, 
which they initially considered as being too difficult for them.   
 
Keywords: secondary vocational students, motivation, scientific project, 
scientific method, students’ conference 
 
 
BACKGROUND AND FRAMEWORK 
Vocational school students are in average much weaker students then general 
secondary school students (Piirto & Fraas, 2012). Many of them come to the 
vocational schools having a low self-esteem (Van Houtte, Demanet, & Stevens, 2012) 
mainly in Sciences and Mathematics. In order for them to obtain specialization in a 
technical subject (either in a constructional, mechanical or machinery specialization) 
they need to take courses in Physics, and many technical subjects like Applied 
Mechanics - Strength of Materials. Most of these subjects have difficult text books, 
with many mathematical equations and little reference to everyday life experiences. 
Since most of the students have gaps in Mathematics and some in Language (many of 
them are immigrants), it is very difficult for them to keep up with the subjects and as 
a consequence they stop showing interest and abstain from the learning activities.    

In subjects which consist of theoretical and laboratory parts, these students show a 
much better performance in the laboratory part. Many students are skilled in taking 
measurements, using the laboratory equipment and in constructing components for 
devices. Some have also working experience, since they take evening jobs to earn 
their pocket money, or in some cases, add to the family income.  
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Subjects like Applied Mechanics - Strength of Materials are considered amongst the 
most difficult subjects, since it is taught only theoretically. Lessons are normally 
delivered only in the classroom and in the chalk and blackboard fashion. The inquiry-
based method (Kirschner, Sweller & Clark, 2006; Hmelo-Silver, Duncan & Chinn, 
2007; and references therein) which is much more appropriate cannot be utilized. One 
way to avoid all these difficulties is to include in the teaching process another process, 
in the form of a relevant project, which works in a way to motivate students to be 
interested and take part in the course. Unlike formal education, such a project is free 
from the constraints of the curriculum; one can set the method, the content, the 
competences (Bowers, 2006) and the skills to be developed through it. It could be 
used as a vehicle to introduce the scientific method, to study complex problems 
related to the everyday life of the student and help with the relations among students, 
if a group cooperative approach is applied. 

 
RATIONALE 
School/university collaborations have shown positive results through the application 
of alternative teaching strategies to motivate especially weak students to exhibit 
higher levels of engagement, interest, and confidence (Teel, Debruin-Parecki, & 
Covington, 1998). Such collaborations result in significant increases of the students' 
interest in science and significant improvements in their problem-solving skills (Paris, 
Yambor, & Packard, 1998), and substantial progress in student achievement scores in 
mathematics and science (Calabrese, 2006). 

Furthermore the application of an inquiry based teaching method would be 
appropriate to help the students develop competencies and skill, and also a positive 
attitude towards technology and sciences.  

Motivating weak students to participate is a problem regarding all educational levels. 
Student motivation and engagement in courses is a well-known problem and 
challenge in higher education (Ganah, 2012), particularly in technical subjects (Gold, 
2010: p 10). It is also problem in middle-schools (Teel et al., 1998; Guthrie & Davis, 
2003). 

A students’ conference is an excellent means to address research issues, technical 
writing and presentation skills (Börstler & Johansson, 1998). 

As a teacher of the course Applied Mechanics – Strength of Materials, and in 
collaboration with a member of the Physics Department of the Aristotle University of 
Thessaloniki, we tried to encourage and motivate the students of two classes from the 
second class of a vocational lyceum to participate in a students’ conference during the 
school year 2011-2012. The work was on a scientific project in order to show them 
that they can accomplish high quality work, when they apply the scientific method in 
combination with their skills in the use of workshop equipment and measuring 
instruments. The main goal was that through this process they would develop 
experimental skills and competencies in communication, both oral and written, the 
ability to find information online and to use this information for the project. Also, it 
would help them design and perform experiments, compare their results with findings 
from scientists and draw results from these findings. 
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METHOD 
On an initial discussion about the subject Applied Mechanics – Strength of Materials, 
students of both classes characterized the subject as very difficult. Their attitude 
towards the course was mainly negative, because they believed that this knowledge is 
useless for their professional or personal lives. They expressed the belief that they 
will never be requested to calculate stress actors, moments, reactions developed at the 
mounting etc. The only students who tried to join the course actively were those few 
who were interested in studying in higher education, because the course "Machine 
Elements", taught in third grade is based on this course. So this is a course that is 
considered difficult, with no interest for the most students and for this reason, they 
were bored, dealt with other things, or made a fuss. Their attitude to the course was 
generally negative.   

Trying to change this situation, we collaborated with a member of the Physics 
Department of the Aristotle University of Thessaloniki. We decided to work with 2 
second classes of a vocational lyceum in Thessaloniki on a parallel project, a different 
one for each class. The aim of these projects was to introduce the students to the 
scientific method (figure 1). The procedure to be followed should be the formulation 
of questions on the specific topic, to do some background research in order for the 
students to find out about the current state of the topic, and then to construct a 
hypothesis and test it with an experiment. The next steps were the analysis of the 
results and drawing conclusions in order to check the hypothesis. If the hypothesis 
was true they should report the results and finish the research process. Otherwise, if 
the hypothesis was not true, or partially true, also report the results, but restart the 
process at the formulation of the hypothesis and continue through all the steps to 
check again, if the new hypothesis is true.    

 
Figure 1. The scientific method 

Furthermore, in order to enhance their self-esteem, we encouraged the students to use 
an experimental procedure which included non-trivial measurements and the 
application of metrological principles in order to lower the uncertainty. In addition we 
persuaded them to present the collected data, to make graphs, and to draw conclusions 
from the graphs.  
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We encouraged the students to take part in a students’ conference, and therefore 
prepare posters of their work and present it as equals among students from other 
Greek High Schools as well as from abroad. Below we will present the projects 
shortly, the procedures followed to complete the work and the outcomes. 

 

RESULTS 
The project on hardness 
Hardness is a characteristic property of materials. It has large variations, ranging from 
very soft materials, such as talc, to very hard materials such as diamond. Hardness is a 
very important property for both the construction and the manufacturing sector, 
because it determines the wear resistance of the surfaces and determines the potential 
use of a material as a tool, for example to cut various kinds of materials, such as 
textiles or hard stones. Another process associated with hardness is the polishing of 
precious or semi-precious stones, mirrors, lenses, etc.  

The measurement of the hardness of materials gives reliable data on incoming raw 
materials, intermediates and finished products and contributes to the quality control 
and quality assurance. Hardness of a material is defined as the resistance which a 
material exhibits to the penetration of a foreign object, that is pressed on the 
material’s surface with a certain force and for a certain time (Gilman, 2009). The 
body which is attempting to penetrate the material under test is called indenter. The 
operating principle of most of the hardness measurements is based on the 
measurement of the dimensions of the footprint created by the indenter. If this 
footprint is small, the material resists penetration, and thus is hard, while a larger 
fingerprint means less resistance and hence lower hardness. It is a curious property 
because it is the outcome of a specified measurement procedure and not an intrinsic 
property that can be defined by the basic units of the system SI. It should be added 
that the indenters can have a conical shape, triangular or square pyramidal (Sakharova 
et al, 2004; Gilman, 2009), or spherical form (Lykidis , 2011; NPL, Brinell, 2007). 

During the course of Applied Mechanics – Strength of Materials we analyzed and 
classified various types of wood and wood products in terms of hardness and 
investigated the effect of moisture on the hardness of wood. Wood is a very important 
material, which is widely used. The material is eco -friendly to users and the 
environment, but it has the disadvantage of changing its properties with moisture. 

 
Figure 2. Various types of wood used for the measurement of hardness. 
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The procedure followed was: to measure the hardness of various woods and wood 
products we used small pieces of wood, such as Swedish pine, pine, beech and boiled 
beech, oak and lacquered oak, wild hazel, and wood products such as particleboard, 
melamine, plywood and hardboard, which are shown in Figure 2. 

For an indenter we used a tool, Figure 3, which has a conical tip and exerts constant 
force due to an embedded spring, and which releases the tip, when pressed with a 
certain force.  

 
Figure 3. The tool we used for the indenter 

 
The first series of measurements were taken with the wood pieces at room conditions, 
while the second after putting them in a bowl with water, where we left them to 
absorb water for 1 hour. For each wood we made 4 incisions and measured the depth 
and the diameter of the indenter imprinted into the wood (figure 3). Then we took the 
statistical averages for the diameter and depth. The values are presented in Table 1. 
We measured the diameter of the footprint and the depth of the different types of 
wood and wood products using calipers, see Figure 4. To measure the depth we used 
wooden toothpicks, which immersed into the footprint. With the help of a cutter we 
marked the depth on the toothpick and then measured the depth on the toothpick, 
Figure 5, since the tip of the caliper is cylindrical and could not be used to directly 
measure the depth. We repeated the whole process with the moistened woods. 
 

 
Figure 4: The indentation process.  
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Figure 5. Measuring the diameter of the footprint the indenter left on the wood 
surface. 

 

 
Figure 6. Measuring the depth of the indenter’s footprint. 
 

Table 1  
 
Woods and wood products in normal conditions and with moistened woods 

 dry moistened 
 depth(mm) diameter (mm) depth (mm) diameter (mm) 

chipboard 1 1.08 1 0.7 
Swedish pine 2.8 2.58 1.33 1.5 

pine 3.63 2.3 4.63 2.5 
pitch pine 2.93 2.63 2.1 1.93 
hardboard 10.3 3.3 6.2 5.65 

beech 2.15 2.35 1.83 1.83 
oak lacquered 1.4 2.1 1.7 2.23 

plywood 2.53 2.58 0.75 1 
wild hazel 3 2.4 2.25 1.85 

boiled beech 2.3 1.28 0.98 1.35 
melamine 1.95 1.15 0.5 1.08 

oak 2.25 2.25 1 1.65 
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Table 2  
 
Hardness of wood and wood products.  

wood hardness dry wood 
(MPa) 

values from 
literature 

(MPa) 

hardness 
moistened wood 

(MPa) 
chipboard 148.77   354.14 
plywood 26.07   173.53 
melamine 131.21   148.77 
hardboard 15.93   5.44 

Swedish pine 26.07   77.12 
pine 32.80   27.76 

pitch pine 25.09 28 46.59 
beech 31.42 32 51.82 

beech boiled 105.91   95.21 
wild hazel 30.13   50.70 

oak 34.28 36 63.74 
oak lacquered 39.35   34.89 

Note: The data in the third column are from Koroneos & Poulakos, 2006, p. 63. 

 

We will not present all the measurements, calculation of pressure, analysis and 
conclusions here, because of lack of space – just some interesting results. From the 
measurements of hardness of table 2, we can observe that the greatest hardness occurs 
for particleboard and melamine, followed by the boiled beech. Impressive is that 
comparing our results with results from the literature (Koronaios & Poulakos, 2006) 
we found a very good agreement with their results for oak, beech and pine. This was 
very impressive, since we had no specific equipment to measure hardness.  

 

The paper airplanes 
Models of airplanes and flying machines, which are either operated remotely using 
remote control, or by using built-in automatic navigation systems, have broad 
scientific applications. Some applications include monitoring of environmental 
pollution, supervision an area for monitoring wildlife, for fire control, for mapping, 
for security testing pipes and fittings, for monitoring the safety of residential areas, for 
patrolling the roads, etc. Another application is for dangerous missions, without 
risking human lives, such as the study of a tornado, or to study areas with extreme 
weather conditions, such as the exploration of the Antarctica (“Unmanned aerial 
vehicle”, 2012) or to observe the behavior of animals (Kight, 2011), but also for space 
applications (ABC News, 2012). 

Paper model airplanes can be used to study the principles of aeronautics. In 2006 
aeronautical students of the University of Michigan and members of the AIAA 
(American Institute of Astronautics and Aeronautics) participated in a competition to 
construct paper airplanes made from one sheet of paper, without allowing cutting or 
addition of paper - only folding (Fiala, 2006). Even at MIT (Massachusetts Institute of 
Technology) constructing paper airplanes is considered important, since they have 
published a brochure with building instructions for paper airplanes (“Paper 
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Airplanes”, 2010). Also Dr. Yasuaki Ninomiya, Ph.D. engineer attaches great 
importance to engaging with paper airplanes and despite his scientific work in NNT 
laboratories, he publishes for over 31 years paper model airplanes in teen magazines 
(Sony, Paper Airplanes). A few years ago the journal Scientific American organized a 
paper airplane contest for which they received 12,000 entries, with many participants 
from academics, engineers and scientists from 29 countries (Locke, 2008). 

The aim of this work is the study of the parameters which influence the flying ability 
of paper airplanes. For that reason we constructed several paper airplanes from A4 
pages. We measured and recorded their characteristics, as length, wing span, if it is 
tailless or has a tail wing, etc, in order to find out which models have the ability to fly 
a longer distance and which models can stay in air for a longer time. We recorded 
each flight on video. 

 
Table 3  
 
Pictures of the paper airplanes, and presentation of their characteristics (length, wing 
span, average flight distance, and qualitative flight description. 
 

 Pictures length 
(cm) 

width 
(cm) 

length/
width 

average 
flight 

distance 
(m) 

qualitative 
flight 

description 

1 16.1 17.3 0.93 3.27 

gained 
height 

quickly,  
remained 

long in the 
air, loops 

2 14.8 17.3 0.86 1.23 

very short 
flight,  

remained 
shortly in 

the air 

3 

 

17.6 15.6 1.13 6.87 

upwards 
route, 
linear 
flight, 

stayed for 
a long time 
in the air, 

made loops 
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4 20.9 11.5 1.82 0.89 

did not 
gain 

height, 
could not 
keep long 
in the air 

5 18.5 16.3 1.13 6.83 linear 
flight 

6 30.2 11.3 2.67 11.79 

linear 
flight, very 
good flying 

ability, 
long 

distance 

7 

 

19.1 15.6 1.22 3.57 

turning 
right or left 
during the 

flight 

8 30.9 8.0 3.86 11.57 

linear and 
quick 

flight, long 
distance 

 

We observed that model 3 and model 6 had the best performances. Model 3 
maintained longer in the air and made a loop, while model 6 flew the longest distance, 
although the flight was short in duration. Characteristics similar to model 3 exhibited 
model 1, and models 6 to 8. Model 1 and 3 have an approximately equal wingspan 
and length. Model 6 and 8 have the largest ratio length / width, i.e. long length and 
narrow wingspan. The worst flying behavior was observed for models 4 and 2, which 
covered a short distance and stayed very little in the air. 

Results of the inclusion of the projects in the teaching process 
When trying to introduce the project into the lessons most students were against it. 
Only very few wanted to take part with enthusiasm from the beginning. They said that 
it is unnecessary, useless and a loss of time, but when they saw the equipment and 
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they were introduced to the process, they started to show an interest in taking part. 
The cooperation with a university faculty member, the application of the scientific 
method, taking measurements, analysis of the data, and the presentation of the work 
they had done in a students’ conference got the most students interested in the project.  

They were introduced to the research process by searching for the bibliography, and 
tried to describe their work using scientific tools. The outcomes were the two posters 
presented in figure 7.  

A  B  

Figure 7. The poster presentation A) on the hardness of wood and B) on paper 
airplanes.  

During the conference they compared their work with the other students’ work. They 
concluded that their work was very good, and they also got very positive comments 
from other teachers, reviewers of the works and visitors, and also from the other 
participating peers. They presented their work, and were very proud to be part of this 
event (figure 8). 

A   B  

C   D  
Figure 8. At the students’ conference. A) and B) the oral presentation C) and D) students at 
the conference 
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DISCUSSION AND CONCLUSION 
In order to motivate students of a vocational upper secondary school to participate in 
the course “Applied Mechanics – Strength of Materials” we introduced a scientific 
project parallel to the formal course. Although most of the students had a negative 
attitude at the beginning of the work and called it unnecessary, since it was not part of 
the curriculum – only very few took part with enthusiasm from the start – they 
became interested during the process. Finally, they were really proud of their work 
and of themselves at the end of the work.  

During a second discussion with the students after the completion of the projects and 
the presentation at the students’ conference, they showed a completely different 
attitude towards technical subjects and towards the course Applied Mechanics – 
Strength of Materials. Their self-esteem was much higher and they felt they could do 
better than in the beginning. 

Many of the students even asked to take part again with a new project during the next 
school year, volunteering to stay longer after school in order to complete it. All this, 
plus their better grades in the course due to their positive attitude, proved that this 
school/university collaboration on a parallel project, with the help of which we 
introduced the scientific method, inquiry based teaching and group collaborative work 
in the classroom, motivated the students to take part in the teaching process. 
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Abstract: This paper studies the ways visual tools function in science and 

mathematics textbooks in order to attain students’ enculturation in the conceptual 

field of periodical phenomena. Qualitative inductive content analysis is employed for 

the analysis of visual elements of the text. 150 visual representations (VReps) of 8 

Mathematics and Physics textbooks used in Greek Lower and Upper Secondary 

schools on specific topics related to periodicity are analyzed. Two dimensions are 

identified and further analyzed in this study: the context where the VRep is placed and 

its genre. Our analysis indicates that the emphasis is posed on abstract aspects of 

periodicity in Mathematics’ textbooks, while Physics textbooks starting with the 

presentation of everyday phenomena and follow a path up to semi-abstract forms of 

knowledge. This is also supported by the findings of the second dimension, the genre 

of VReps. Photographs are only included in Science textbooks, while all VReps in 

Mathematics’ textbooks are graphs and schematic representations. Finally, the 

educational implications of the findings are discussed. 

Key words: science and mathematics textbooks; periodicity; context and genre of 

visual representations 

 

INTRODUCTION 

Visual means of communication (graphs, tables, photos etc.) are particularly helpful 

in introducing abstract concepts in science and mathematics. Fond, Godino and D’ 

Amore (2007) argue that to speak about visual representations is equivalent to 

speaking about knowledge, meaning, comprehension and modelling since these 

notions make up one of the central nuclei in the disciplines of mathematics and 

science. 

The focus of this paper is on the ways visual tools function in textbooks in order not 

only to enable, mediate and shape thinking, but also to attain students’ enculturation 

in the conceptual field of periodical phenomena in school science and mathematics. 

The present analysis is part of a larger project aiming to study how periodicity is 

visually represented in Greek Science and Mathematics textbooks. Although 

periodicity is an essential concept which plays a central role in the school curriculum, 

an extensive search of the literature yielded that a limited number of studies focus on 

its understanding (Buendia & Cordero, 2005; Shama, 1998). The visual features in 

understanding aspects of periodicity are crucial and worth studying since the concept 

has multiple expressions in practical and theoretical situations, not always related to 

students’ experiences. 

Strand 2 Learning science: Cognitive, affective and social aspects

334



RATIONALE 

Periodicity is a concept related not only to periodical phenomena of everyday life and 

natural world, but to abstract mathematical notions which model them, as well. 

Periodical phenomena are translated through series of visual images in school 

textbooks that are at once more inclusive but also more distant from the direct 

experience with the phenomena. Researchers argue that students facing difficulties in 

handling and integrating the conceptual (e.g., periodic graphs) and the perceptual 

(e.g., the periodic motion of a pendulum) aspects of periodicity (Buendia & Cordero, 

2005). The question of how textbooks support this difficult integration is an important 

and open issue (Dreyfous & Eiseberg, 1980).  

Visual tools are used by scientists in various practices. Scientists construct 

inscriptions in order to express ideas for a given task or explain phenomena or make 

predictions or as means of communication (Kozma, Chin, Russell, & Marx, 2000). 

Some of these inscriptions are also included in school textbooks and the way they 

function inside the text could reveal the pedagogical practices adopted in the school 

communities (Pozzer & Roth, 2003). Close analysis of inscriptions in high school 

textbooks showed that interpreting inscriptions such as graphs (Roth, Bowen, & 

McGinn, 1999) or photographs (Pozzer-Adernghi & Roth, 2005) and integrating them 

with textual information requires a tremendous amount of work. 

Adopting an activity theory perspective, visual representations are considered as 

‘elements’ (i.e. the basic building blocks) of activity (Roth & Lee, 2007). The way 

these elements are used in the fields of science and mathematics and contribute to 

collective knowledge on periodicity is important for students’ learning. Physics and 

Mathematics under such a perspective are recognized as human, cultural and 

historically determined activities. This means that the presence of the concept of 

periodicity in the school curriculum cannot be understood or analyzed, without 

reviewing the practices adopted in the textbooks of these two communities.  

Viewing learning as participation in a well-defined practice, tools and artifacts and 

their use in this practice are considered as primary object of study (Sfard & McClain, 

2002). In this direction, different studies have focused on the analysis of visual 

representations. Levin (1981) has identified five functions concerning how pictures 

serve in text processing - four conventional functions (decorational, representational, 

organizational, interpretational) and one more unconventional one (transformational). 

According to Pozzer and Roth (2003) all representations lie along a continuum from 

least to more abstract depending on the amount of contextual detail that they carry in 

the background of the central object. This continuum starts with photographs (as 

images full of gratuitous detail) and naturalistic drawings, continuous with maps, 

diagrams, graphs and tables, and ends with mathematical equations (as the most 

abstract images). The elimination of gratuitous detail is part of the move from the 

particularity of one observation to the generality of a scientific claim (Myers, 1990). 

One way to develop an understanding of the manner in which a topic is treated in 

different school practices is to generate content-based categories of the 

representations used in school textbooks. In this direction, the present study focuses 

on Visual Representations (VReps) used in Physics and Mathematics textbooks 

aiming to explore the function of these tools in developing students’ understanding of 

periodicity. Our broader goal is to study the way these elements are used in the fields 

of school science and mathematics and contribute to collective knowledge on 
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periodicity. Our specific goal is the study the characteristics of VReps as used in 

school physics and mathematics textbooks.  

Our research questions are:  

 What are the characteristics of visual representations in the thematic area of 

periodicity involved in Greek Mathematics and Physics textbooks? 

 What aspects of periodicity are visually represented in textbooks? 

 How are the practices in using visual representations differentiated in school 

Mathematics and Science communities? 

METHODOLOGY 

This study is part of a broader project having as aim the study of textbooks’ practices 

when present the concept of periodicity. Qualitative inductive content analysis has 

been employed for the analysis of visual elements of the text (Mayring, 2000). 

Inductive approaches intend to establish organization and meaning in complex data 

through the development of summary themes or categories from the raw data. 

The context of the study 

Mathematics and Physics are compulsory disciplines at all educational levels in the 

Greek educational system and cover a considerable part of the weekly teaching 

schedule. There is a national curriculum accompanied by a single textbook under the 

authorisation of the Ministry of Education for each school subject and grade. Aspects 

of periodicity are taught in Mathematics and Science in different grades as presented 

in Table I.  

Table I 

The sample analysed across subjects and in different grades 

Subjects 
Grade Level 

(Direction) 
Topics 

Thematic 

units 

VReps 

 

MATHEMATICS 

Grade 9 
Trigonometry (Trigonometric 

numbers from 0 to 360
o
) 

2 7 

Grade 11 

(Common 

Core) 

Trigonometry (Trigonometric 

numbers and  trigonometric 

functions) 

20 36 

Grade 11 

(Scientific) 
Selected units on conic sections  2 2 

Grade 12 

(Scientific) 

Selected units on complex 

numbers  
5 4 

TOTAL MATHEMATICS 29 49 

PHYSICS 

Grade 9 Oscillations 8 11 

Grade 11 

(Common 

Core) 

Simple Circular motion; 

Mechanical oscillations 
15 33 

Grade 11 

(Scientific) 

Selected units on 

Electromagnetism 
5 17 

Grade 12 

(Scientific) 

Electrical and mechanical 

oscillations 
14 40 

TOTAL PHYSICS 42 101 

TOTAL: 71 thematic units  and 150 Visual representations 
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The domain of analysis 

The texts analyzed are taken from 8 Greek textbooks (four in the subject of 

Mathematics and four from the subject of Physics) used in Greek Lower Secondary 

and Upper Secondary schools.  

In each textbook we restrict our analysis to topics that are related to periodicity. 

Specifically, in Mathematics the topics are trigonometric numbers; trigonometric 

functions; and selected units on complex numbers and conic sections. In Physics the 

topics are related to mechanical and electrical oscillations, circular motions and 

electromagnetism. In order to implement our analytic plan, we divided the text into 

thematic units of analysis by restricting analysis to all the parts which aim at 

delivering mathematical and scientific knowledge (we did not include worked 

examples, historic notes and exercises).  

The thematic units analyzed are 29 in the subject of Mathematics and 42 in the subject 

of Physics, giving totally 71 textual units of analysis. Basic elements of the thematic 

units are the visual images (e.g., graphs, tables, photographs), so the focus of analysis 

of the present study is on the visual representations and their characteristics.  

The unit of analysis is each visual representation and its caption involved in the 

thematic units on periodicity. The exact sample of textual units and the included 

VReps analyzed is presented in Table I. 

The produced scheme of categories was tested by the two researchers (one specialized 

in Mathematics education and the other in Science education) through the whole set 

of data. It is considered to be general enough to describe the diversity of VReps and 

their meaning as used in the activity of the two communities. 

FINDINGS 

The category scheme 

The final scheme of categories of VReps characteristics appears in the form of a 

systemic network (Bliss, Monk & Ogborn, 1983) in Figure 1.  

The BAR ([) notation signifies that the categories following are mutually exclusive, 

while the Bracket ({) notation signifies that a unit can be analyzed across all 

categories following. 

Two main dimensions are identified and further analyzed in this study by 

concentrating our interest on the features of periodicity presented: the context and its 

genre.  

We adopt Freudenthal’s notion of ‘context’ as “the domain of reality, which in some 

particular learning process is disclosed to the learner in order to be mathematised” 

(Freudenthal, 1973, p. 73). So, in this study context means the domain or the level of 

reality in which the characteristics of the visual images in the textbooks are placed. 

In terms of context, two further categories are defined: VRep with physical meaning, 

where the periodic phenomenon is placed in a context of everyday life, or natural life, 

or is related to a scientific device; VRep with mathematical meaning, where the 

periodic phenomenon is presented in an abstract form (e.g., a sinx graph), or in a 

semi-abstract (e.g., graphs represented time-dependent processes), or in an applied 

context (e.g., numerical value charts of a specific physical phenomenon). In this study 
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we consider that a VRep is having an applied mathematical meaning only if it 

possesses a physical meaning also.  

 

In terms of the genre of the VRep, three main categories are defined: the photographs, 

the graphs and the schematic representations. Although these categories are content 

free, the sub-categories are related to the features of the content concerning 

periodicity. So, photographs have been found to present instances of either every day 

life examples or natural world, or to be chrono-photography of phenomena, or 

photographs of technological devices. Graphs may represent (a) periodic functions as 

sinusoidal, sum of sinusoidal or other functions (e.g., the tangent function); (b) graphs 

that represent a repeated but non-periodic behaviour (e.g., damped oscillations); and 

(c) graphs that represent other mathematical relations (e.g., linear relations).   

Representations of periodic models, tables and other VReps not explicitly related to 

periodicity (e.g., triangles) are categorized in the sub-category ‘Schematic 

representations’. As periodic models are classified representations of (a) circular 

motions; (b) mechanical oscillations (representations of spring or pendulum); (c) 

electrical oscillations (VReps of circuits or rotational frames); and (d) constructed 

situations that are mostly aim to support students understanding on specific aspects of 

periodicity. Finally, VReps of the trigonometric circle and abstract or specific 

representations of this kind of motions fall in the category of circular periodic models. 
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Figure 1. Categories of VReps of periodicity in secondary school textbooks. 
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Results of our qualitative analysis 

Specific examples and their analysis are provided in Table II. 

Table II 

Examples of VReps and their analysis 

PHYSICS MATHEMATICS 

VReps Analysis VReps Analysis 

 

 

(Physics1) 

Context 

Physical meaning: 

Every day life. 

Genre 

Photography: 

Every day life 

instances 

 

 

 

 

 

 

 

 

(Math1) 

Context 

Physical Meaning: Every 

day life;  

Mathematical meaning: 

Applied 

Genre 

(a) Graph: periodic function, 

Other functions 

(b) Schematic 

representation: Periodic 

models, Mechanical 

Oscillation, Pendulum 

 

 

 

(Physics2) 

Context 

Physical meaning: 

Every day life; 

Mathematical 

meaning: applied 

Genre 

Graph, Periodic 

functions, Other. 

 

 

 

(Math2) 

Context 

Mathematical meaning: 

Semi-abstract 

Genre 

Schematic representation: 

Periodic models, Circular 

motion, Trigonometric 

circle. 

 

 

(Physics3) 

Context 

Physical meaning: 

Scientific devices;  

Mathematical 

meaning: Semi-

abstract 

Genre 

Schematic 

representation: 

Periodic models, 

Mechanical 

oscillation, Spring 

 

 

 

 

 

 

(Math3) 

Context 

Mathematical meaning: 

abstract 

Genre 

Graph: Periodic function, 

Sinusoidal. 

Caption of Photo 4.1 
The yo-yo disc moves 

between two end 

positions. 

Caption of Photo 4.2 
The periodic motion of the 

cardiac muscle is recorded 

with the help of an 

appropriate instrument, the 

electrocardiogram. 

Strand 2 Learning science: Cognitive, affective and social aspects

339



 

Results of our quantitative analysis 

Table III presents the frequencies that the categories for the dimension of context are 

met in the VReps in the Mathematics and Physics texts. The two subcategories are not 

mutually exclusive since some images convey both a physical and a mathematical 

meaning.  

 

Table III 

Frequencies of categories - The dimension of Context 

Categories 

Mathematics 

N=49 

(%) 

Physics 

N=101 

(%) 

Physical 

Meaning 

Every day life 4,08 24,75 

Natural life 0,00 3,96 

Scientific devices 0,00 33,66 

Mathematical 

Meaning 

Abstract 53,06 5,94 

Semi-abstract 42,86 44,55 

Applied 4,08 3,96 

 

It appears that in the Mathematics textbooks almost all VReps lack in physical 

meaning, while in Physics textbooks VReps of scientific devices (33.6%) and 

everyday life (24.75%) are more popular. More than half (53.06%) of VReps in 

mathematics textbooks have abstract mathematical meaning, while almost half of 

VReps in Physics (44.55%) and in Mathematics (42.86%) are semi-abstract images 

that represent motions or specific values of entities  (for example, the Math2 or 

Physics3 VReps on Table II). The case of images that convey at the same time an 

applied mathematical meaning and a physical meaning (for example the Physics2 or 

Math1 VReps in Table II) are rare in Mathematics and Science texts analyzed.  

The above evidence reveals the type of activity is taken place in the two educational 

communities when teaching aspects of periodicity. In Physics there is an obvious 

intention to bring examples of everyday life periodic phenomena in the school 

classroom so aspects of the notion are being closer to students’ perception and 

experiences. On the contrary, mathematical practices are mostly related to semi-

abstract and abstract images on periodicity. The fact that only a small percentage of 

VReps are convey an applied mathematical and physical meaning at the same time 

indicates that in both educational communities linking images of reality with 

mathematical entities is not considered as an essential practice.  

Table IV presents the percentages of the categories of VReps in terms of their genre. 

It can be noticed that photographs are completely absent in Mathematics textbooks, 

whereas more generic drawings are preferred to be used that preserve an abstract 

character. It is common policy in Mathematics textbooks to avoid using photographs 

that represent particular instances and prefer to use generic drawings that convey a 

generality (Herbel-Eisenmann & Wagner, 2007).  

On the other side, the graphs of sinusoidal functions are used in both Mathematics 

(20.41%) and Physics (15.84%) texts. It seems that this type of periodic functions are 
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used to model periodic motions in educational communities. The case of graphs that 

represent a repeated but non-periodical behaviour appears infrequently only in 

Physics (almost 3%). It could be very helpful for students to compare images that 

represent a periodical behaviour with images that represent a repeated but non-

periodical behaviour. In general, this type of images usually called non-examples of a 

notion (Bills et al., 2006) and influence the discernment of concepts. In our case, non-

examples of periodical motion could used to clarify boundaries between neighboring 

features of periodicity. 

 

Table IV 

Percentages of categories - The dimension of Genre 

Categories 

Mathematics 

N=49 

(%) 

Physics 

N=101 

(%) 

Photograph 

Every day life instances 0.00 10.89 

Natural life instances 0.00 0.99 

Chrono-photography 0.00 3.96 

Technological devices 0.00 6.93 

Graph 

Periodic 

Functions 

Sinusoidal 20.41 15.84 

Sum of Sinusoidal 2.04 1.98 

Other (e.g. tanx) 8.16 1.98 

Repeated but non-periodic mathematical 

relations 0.00 2.97 

Other mathematical relations 2.04 5.94 

Schem

atic 

Repres

entatio

ns 

Periodic 

models 

Circular 

motions 

Trigonometric 

circle 18.37 0.00 

Specific 4.08 8.91 

Abstract 2.04 0.00 

Mechanical 

oscillations 

Spring 0.00 10.89 

Pendulum 2.04 7.92 

Electrical 

Oscillations 

Circuit 0.00 1.98 

Rotating 

frame 0.00 3.96 

Constructed situations 0.04 9.90 

Tables 20.41 4.95 

Other representations (e.g. triangles) 22.45 12.87 

 

The main periodic model in Mathematics text is the trigonometric circle (18.37%). In 

Physics the most common periodic models are the Spring (10.89%) and the Pendulum 

(7.92%). Constructed situations of periodic models are met only in Science textbooks 

(9.9%) having the role to support students' construction of meaning on specific 

aspects of periodicity.  

Finally, charts and tables are used more often in the Mathematics textbooks (22.73%) 

than in Physics textbooks (almost 4%). Usually this type of representations is 

organizing the information given in the main text or provides specific values of a 

function or a phenomenon.  
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CONCLUSIONS 

This paper explores the ways visual tools function in Physics and Mathematics Greek 

textbooks in order to attain students’ enculturation in the conceptual field of 

periodical phenomena. This exploration reveals the tools, the practices, the rules and 

in general the nature of activity taking place in the above educational communities.  

The emphasis posed on abstract aspects of periodicity in Mathematics textbooks is 

apparent since almost 95% of all visual representations in Mathematics texts are free 

of any physical meaning (do not represent a physical reality). On the other hand, only 

38% of all the visual representations in Physics texts lack in physical meaning. It is 

apparent that Physics textbooks intent to bring every day life periodic phenomena in 

the classroom practices. On the other side Mathematics textbooks are mainly focusing 

on practices with mathematical objects without any intention to associate them with 

physical reality. This diversity reassures the different practices and activities taken 

place in the two educational communities as expressed in the Greek textbooks. 

Physics textbooks starting with the presentation of natural and everyday periodic 

phenomena and follow a path up to semi-abstracted forms of knowledge (showing 

time-dependent images that in most cases model the above phenomena).  

Similar are the findings for the genre of VReps. Photographs are included only in 

Physics textbooks, while all VReps in Mathematics textbooks are either graphs or 

schematic representations. It seems to be a common policy in all Mathematics 

textbooks is to change photographic images with generic drawings (Herbel-

Eisenmann & Wagner, 2007). This evidence reveals the rules that this educational 

community adopts when representing physical reality. 

The most popular periodic model in the category of schematic representations in 

Physics textbooks is the spring while in Mathematics textbooks is the trigonometric 

circle. This fact indicates that each subject uses its own models to represent aspects of 

periodicity. The divergent ways to model aspects of periodicity in the two subjects 

could contribute to students’ difficulty in developing a consensus meaning of the 

notion. 

Graphs of sinusoidal functions are the only overlapping images of aspects of 

periodicity in Mathematics and Physics textbooks. This common tendency indicates 

on one hand that these graphs are the main tools that used to model periodic motions 

in both subjects and on the other that interpreting these images is a central practice in 

the two communities.  

The differences identified in the ways visual tools function in Physics and 

Mathematics Greek textbooks could influence students’ understanding of aspects of 

periodicity.  

The systematic reconstruction of the meanings of scientific concepts used in different 

school activities remains an important didactical task to be faced since students have 

to change perspectives, and see different forms of visual representations, while 

switching from one subject to another and from everyday experiences to their abstract 

descriptions. Authentic situations, where Science and Mathematics are used in an 

integrated way have become a guiding paradigm for thinking about authenticity of 

experience as a catalyst for growth and learning (Berlin & White, 1992; Frykholm & 

Glasson, 2005).  
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Visual representations of both realistic situations of periodic phenomena and their 

synthesis with abstract systematic descriptions need to be searched, as this synthesis 

crosses Science and Mathematics teaching and may lead to an integrated learning of 

the concept of periodicity. 
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Abstract: This study examined the effectiveness of a visit of a Science Center Outreach Lab 

(SCOL) in comparison to regular classroom teaching at school and a combination of class-

room teaching and a lab visit. Moreover, the achievement of students taught on the same topic 

in the distinct teaching arrangements and a control group were compared. In total, three 

treatments were created, with school lessons similar to the contents and methods of the stu-

dent lab course. One group was taught in school only, another group was taught in the SCOL 

only. The third group was taught in a combined condition encompassing both a SCOL visit 

and classroom learning (embedded). This way, extra-curricular learning experiences were 

integrated into learning arrangements in the classroom. The fourth learning group was a wait-

ing control group. The distinct settings are explained in more detail in the following. The re-

sults indicated that students in the classroom learning condition as well as in the combined 

setting had higher achievement than the students in the SCOL and waiting control group con-

ditions. Implications are discussed.  

 

Keywords: student lab, quasi-experimental intervention study, achievement, science education 
 
 

INTRODUCTION 

Chemistry can be taught in different ways. In Germany, chemistry is usually taught in school 

settings in the classroom. However, outreach science labs (that is, extra-school labs) for stu-

dents, focusing on student-based scientific work and experiments, are becoming more and 

more popular. In Germany, there are 315 Science Center Outreach Labs (SCOLs) providing 

scientific field trips. Most of them are located at a research institute, university or science cen-

ter/science museum (LernortLabor, 2013).  

The lessons in outreach science labs are context-oriented and organized as a full-day course 

(6h/8 lessons). A full-day course in an outreach science lab starts with problem-oriented text 

work, formation of hypotheses, practical research in collaborative work focused on experi-

ment kits, writing of an experimental protocol, and, finally, consolidation and discussion of 

what the students have learned during the SCOL. 
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RATIONALE 

Aside from a formal (school) context, children may as well learn in informal (out-of-school) 

contexts (Hofstein & Rosenfeld, 1996). The activities in science laboratories are “learning 

experiences in which students interact with materials and/or with models to observe and un-

derstand the natural world“ (Hofstein & Lunetta, 2004, p. 31).  

In school, practical lab work is poorly represented in the curriculum (Ferreira & Morais, 

2013). To enhance the understanding of natural sciences and interest in science and technolo-

gy (Hausamann, 2012), science center outreach labs (SCOLs) have been established in Ger-

many since the 1990s. SCOLs are informal science education institutions that engage school 

students with scientific hands-on activities out-of-school. 

There seem to be several reasons for the establishment of SCOLs. Many studies attest to the 

high educational value of science center outreach labs (SCOLs) (e.g., Falk & Dierking, 1992; 

Rennie & McClafferty, 1996). In addition, unsatisfactory test results of German students in 

large scale studies such as PISA and TIMSS have been attributed to traditional teacher cen-

tered learning (Baumert, Bos, & Lehmann, 2000; Baumert & Rainer, 1997; Prenzel, 2004). 

Furthermore, teachers have often been shown to rarely use cooperative working forms (e.g., 

Kampmeier & Weiß, 2002). In addition, literature shows that students have difficulties to test-

ing scientific hypotheses (Bady, 1979; Lederman, 1992) and to bringing experiments, models 

and theories into a causal relationship (Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002). 

To improve the meta-knowledge of students in science, it is useful to establish inquiry tasks 

with open-ended problems (Bell, 2004; Carey, 1989), and SCOLs seem to provide an ideal 

environment in this context.  

Inquiry-based learning is considered an effective strategy for the advancement of natural sci-

entific knowledge (AAAS Project 2061, 1993; Klahr, 2000). Scientific inquiry is defined by 

the National research Council (1996, p. 23) as follows: 

Scientific inquiry refers to the diverse ways in which scientists study the natural world and 

propose explanations based on the evidence derived from their work. Inquiry also refers to 

the activities of students in which they develop knowledge and understanding of scientific ide-

as, as well as an understanding of how scientists study the natural world. 

SCOLs are assumed to have a positive impact on students’ understanding of natural sciences 

and their achievement in science-related subjects (STEM; science, technology, engineering, 

and mathematics). However, SCOL visits are seldom integrated in the science classroom at 

school (Orion, 1993). Thus, visits of a SCOL take place without a connotation to the curricu-

lum as an isolated one-day event. These kinds of excursions were shown to be mainly orga-

nized with the intent as a social event and not with the purpose of lesson-based learning 

(Ramey-Gassert, Walberg, Herbert, J., & Walberg, 1994).  

A study by Orion and Hofstein (1994) suggests that visits of school labs have strong learning 

effects when they take place at the beginning of a learning unit and when they are integrated 

into the class curriculum instead of being isolated as a special happening (Bitgood, 1993; Gil-

bert & Priest, 1997). However, the advantages of a combination of both extra-mural and class-

room settings are not yet known, as a survey of teachers revealed (Kisiel, 2005). 

Do intra- and extra-curricular learning arrangements have different effects on learning success 

of students? There have been several studies on this research question. However, research on 

SCOL visits so far has used heterogeneous designs with several limitations. Mainly, qualita-

tive studies were conducted, or studies did not use a control group (e.g. Thomas, 2012). In 

addition, former studies did not explore in greater depth in which way the SCOL visits were 

embedded into the class curriculum. In particular, it has not been studied whether this is asso-
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ciated with higher academic achievement in students when compared to the academic 

achievement of students that solely took part at a SCOL visit or were solely taught at school.  

It is crucially important to study which arrangement of a SCOL visit contributes to the great-

est outcomes in students. In order to find out whether SCOLs are needed for education in 

school, it should be studied whether outcomes in students differ when they are taught the 

same topic in a SCOL, in a SCOL embedded in class curriculum or only at class. 

 

The present study 

The present study fills a gap in previous research. While previous research studying the ef-

fects of school settings on learning focused on the pure comparison of SCOL and school 

groups (for an overview see: Guderian, Priemer, & Schön, 2006), this study added a third 

treatment group with lessons both at SCOL & school. Three treatment groups were formed as 

follows: student lab only (SCOL), lab course embedded in school lessons (SCOL & school), 

only school lessons (school), and a waiting control group, who are not initially offered any 

treatment on the study topic (see figure 1). In all three treatment groups, students were taught 

the same content: 8 lessons chemistry of starch. Based on our theoretical assumptions and 

previous findings (Brandt, 2005; Engeln, 2004; Guderian, 2006; Pawek, 2009), we expected 

students in the “SCOL & school”- group to show better outcomes in achievement after the 

treatment when compared to the other conditions. 

 

METHOD 

Sample and Procedure 

One thousand six hundred and six 9th graders aged 15.34 years (SD = .65), 50.6% females 

and 49.4% males, from 68 middle school (Realschule) classes in South-West Germany partic-

ipated. Classes were randomly distributed to the four groups. We collected quantitative paper 

& pencil questionnaire data on knowledge in science (pre and post).  

 

Figure 1. Study design 

Notes: PRE = in class at school one week before treatment, POST = in class at school one day 

after treatment, SCOL = science center outreach lab. 

 

The students were assessed immediately before the intervention (PRE) and in the week after 

the intervention (POST). The fieldwork took place from December 2012 to July 2013. 
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The experimental design 

The learning content “starch” 
The learning content “starch” is part of the German curriculum and the experiments rely on 

the curriculum of the 9th grade (Ministerium für Kultur, Jugend und Sport Baden-

Württemberg, 2004, p. 100). The used learning content “starch” contains the following key 

aspects:  

Students learn that plastic waste is a pivotal problem in the Mediterranean Sea (newspaper 

article). To downsize this problem, the students learn that re-growing raw materials, especial-

ly starch (extraction, chemical constituent, chemical identity; chemical characteristics; use 

and application), can be a fruitful alternative. 

 

Treatment group 1: The lab visit on Starch experiments 
Figure 2 shows the intervention in the outreach student lab, including I.-IV. shown in the de-

scription of treatment 3, with a different introduction, the manufacturing of single-use table-

ware and a different ending. The course (a full day, 8 hours) was taught at the SCOL by the 

SCOL instructor. The left picture depicts two young researchers reading the script before 

starting practical work with material and an original script from the SCOL. This script had a 

theoretical part followed by experiment instructions. The picture in the middle shows visual 

inspection of the Fehling‘s test. The picture on the right depicts a student investigating starch 

cells.  

 
Figure 2. 9th graders in the experimental work phase of the starch intervention in the SCOL 

group 

In our learning arrangement, it is intended that the students gain knowledge about chemical 

functions and that they adopt a course of scientific thinking by learning in experimental 

groups. A further intention is to teach the handling with natural scientific questions and dif-

ferent ways of approaching a problem. To achieve this, we developed a teaching unit on the 

topic of the “chemistry of starch”. Instructions were used to enable students working in small 

groups on starch experiments. 

Treatment group 2: the embedding of a SCOL in a science classroom 
Treatment 2 was a combination of treatment 1 and treatment 3. Half of the course (half a day, 

4 hours) was taught at the SCOL (workshop on starch: I., II., III., experiment 4 as described 

below) by the SCOL instructor where students worked with material and an original script 

from the SCOL. Students were given 2 hours of introduction before and 2 hours of debriefing 

after the SCOL visit with the parts of the material as described below (III., experiments 5, 6, 

7, IV.). 
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Figure 3. Plan of the teaching unit 

Treatment group 3: the school lessons on starch experiments 

In eight lessons, students of the 9th grade worked on experimental inquiry tasks (figure 3). 

The lesson unit referred to the German National Educational Standard and to the German 

Recommendations for Mathematic-Scientific-Technical Literacy (STEM). It included educa-

tional standards and skills that students should learn during their school days (KMK, 2009). 

The theoretical and practical work phases and the learning environment should prepare stu-

dents for several competences which are demanded in the scope of German education stand-

ards for the subject of chemistry (KMK, 2005). Process-oriented competences refer to natural 

scientific functions and different ways of scientific thinking. Conceptual competences concern 

the scientific content. Students should acquire the following competences: choosing scientific 

equipment, applying deductive reasoning, differentiating between observation, suggestion and 

assumption. 

To ensure successful implementation in the lessons, it was necessary to build a “Community 

of Practice” (Lave & Wenger, 1991). Thus, the teachers were trained on the lesson and had 

the opportunity for practical trials, exchange and reflection. 
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The structure of the teaching unit 
I. Derivation and structure of starch 

 Experiment 1: Production of starch from potatoes. 

- To get to know starch as a component of potatoes 

- Isolation of starch out of potatoes 

- The practical use of starch is deductible for the students by the direct refer-

ence to everyday life as well as by the practical work gaining starch out of 

potatoes. 

 Experiment 2: Microscopy of the exploited starch. 

- To produce a microscopic image of eccentric layered starch corns originat-

ing from potatoes 

- Structural representation and explanation of starch-molecules 

- Discrimination between amylose and amylopectin 

II. The nature of starch 

  Experiment 3: Production of a foil made out of corn starch.  

- Reusable packaging out of renewable resources 

- Getting to know the foil-building nature of starch 

- Experimental production of starch foil  

III. Chemical method to detect starch and the molecular structure of starch 

 Experiment 4: The influence of enzymes and acerbities on starch. 

- Detection of the enzymatic starch digestion with saliva, acid and Lugol’s 

reagent 

 Experiment 5: Chemical differentiation of the carbohydrates.  

- Becoming familiar with the structure of starch 

- Detect the spiral-structure of starch with the help of Lugol’s reagent 

- The potato starch is detected with Lugol's solution. 

 Experiment 6: Chemical differentiation using the carbohydrates II Fehling test: 

- Becoming familiar with an unspecific detection reaction of aldehyde as 

well as the detection of glucose and fructose with the help of the Fehling 

reagent 

 Experiment 7: Chemical differentiation of carbohydrates III.  

- Discrimination of fructose and glucose with the help of Seliwanoff-reagent 

IV. Renewable resources in overview, carbon dioxide circle 

 Increasing knowledge:  

- Gaining an overview about the topic of „starch“ using mind-maps 

- Gathering pros and cons of renewable resources, developing the recycling 

circle exemplary explained by the „life circle of a yoghurt-beaker 

- To understand the involvement of production on the basis of organic-

chemical resources in a global carbon-dioxide circle (production of starch 

by photosynthesis),  

- Reference to the problem mentioned in the first lesson 

 

Control group 
The control group received input on the topic “starch” and had regular science lessons on oth-

er topics. 
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Measures 

Achievement test 
Students’ science knowledge was assessed twice in each study group, before and after the 

intervention. The achievement items (dichotomously coded) were constructed by the authors 

and assessed students’ knowledge regarding the topic of the chemical interventions. We ap-

plied a test on Carbohydrate Specific Knowledge (CSK, 12 Items). 

Control Variables 
Gender, school marks (science, math) and intelligence (cognitive abilities) were assessed and 

used as covariates.  

 

Statistical Analyses 

Data was analyzed visually by bar graphs with error bars (95% confidence interval) and tested 

for differences between treatment groups and control group using ANOVA. Analyses were 

calculated in SPSS 21. 

 

 

RESULTS 

Number of items per scale, means, standard deviations and internal consistency coefficients 

Cronbach’s α for the variables used in the analyses predicting achievement are reported in 

Table 1. The scales showed good reliability scores (Cronbach’s α, Table 1). 

Table 1  

Descriptives and reliabilities of the scales 

Scale Items Test time Mean SD α Source of the scale 

 Carbohydrate Specific Knowledge  
(cloze test) 

12 items 
PRE .58 .19 .71 

Itzek-Greulich (project WiSS) 
POST .41 .35 .88 

 

Differences in Carbohydrate Specific Knowledge (CSK) 
Figure 4 shows the results of the differences (ANOVA) in CSK between the four groups. Stu-

dents of the school and the SCOL & school intervention conditions performed significantly 

higher in the CSK test than students in SCOL and control group conditions. School and school 

& SCOL groups had the strongest influence on treatment knowledge (chemistry of the starch). 
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Figure 4. CSK after intervention 

 

 

DISCUSSION AND CONCLUSION 

The current study focused on the design of different learning settings for the visit of a Science 

Center Outreach Lab (SCOL) in comparison to classroom teaching at school and a control 

group. Moreover, this study focused on the learning outcome of three different learning set-

tings and a control group. The created concept of teaching and learning for the school-group 

was described in detail, since this is a new approach, especially introducing an embedded 

group (SCOL & school). Statistic results were partly in line with our hypothesis: All three 

treatments performed better than the control. Students attending the combination of SCOL 

and school had higher values in science knowledge after treatment than the only SCOL group. 

Previous research showed that teachers are not yet convinced of the use of SCOL workshops 

(e.g. Griffin & Symington 1997, Kisiel 2005; Tal, Bamberger & Morag 2005), and this study 

seems to indicate that some healthy skepticism may in fact be appropriate when it comes to 

SCOL learning environments.  

Our results are in line with the literature which underlines the importance of embedding a lab 

visit into the school context. We suggest performing more studies on the combination of 

SCOL & school since this treatment showed good results. Thus, embedding a SCOL work-

shop in a school learning arrangement might be especially effective in improving students’ 

content knowledge.  

In the present study we constructed and implemented a test to assess students’ knowledge in 

the topic of organic chemistry particular the chemistry of starch. Analyses indicate that we 

succeeded in developing a reliable and valid test which was needed to answer our research 

question. However, the results are limited to one SCOL and the chemical topic starch. Future 

work with data from the present study will include additional indicators of achievement and 

other outcomes variables. Furthermore, because our students are nested within classes, we 

will apply multilevel analyses using Mplus in future data analysis with students on the first 

level and classes on the second level. 
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DEVELOPMENT OF WORKED-EXAMPLES 

ENHANCING SCIENTIFIC INQUIRY 

Jenna Saenger, Markus Emden and Elke Sumfleth 

University of Duisburg-Essen 

 

Abstract: Scientific inquiry is an important part of international science 

education standards for secondary schools, international studies like PISA show 

that German students lack knowledge in the domain of scientific inquiry. In the 

wake of these studies, many schools in Germany change their lesson plans. 

Additional lessons are often especially arranged for individual, self-regulated 

learning. Therefore, there is a need for learning material, which enhances 

knowledge in the domain of scientific inquiry and is also suited for self-

regulation. 

The aim of these studies is to develop learning material composed of worked-

examples to foster scientific inquiry as these allow for individual learning. Since 

the experiment is an important part of scientific inquiry, experiments are 

integrated in these worked-examples. The reported studies also aim at 

developing and evaluating these learning materials. This paper focuses on the 

different steps of material development from first ideas to improvements based 

on results from different evaluation studies (quantitative and video- and 

interview-studies). The results of the conducted studies were used to develop 

more material. In the course of this process, several significant changes were 

made, e.g. fading procedures were dropped and content-levels were integrated 

more elaborately. 

The latest version of the material was evaluated in a pre-post-follow up-design 

over a period of eight weeks with 11- to 12-year-olds in secondary schools. The 

results show that the developed material is suited to foster students with low 

prior knowledge in the domain of scientific inquiry.  

 

Keywords: Worked-Examples, Scientific Inquiry, Self-regulated Learning 

 

INITIAL SITUATION 

Results from PISA 2006 display that German students lack knowledge in the domain 

of scientific inquiry (OECD, 2007). This motivates focused fostering of students in 

this domain. After PISA, many schools in Germany have changed their organization 

from half- to full-day-schooling and are adopting their lessons plans. This is resulting 

in gained time slots. Additional lessons might be offered in which students can learn 

independently. Therefore, learning material for self-regulated learning is needed. This 

paper describes the development of worked-examples enhancing scientific inquiry 

which are well suited for self-regulated learning. The development process leading to 

the current design of the learning material is illustrated through results from previous 

research on these worked-examples. 
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THEORETICAL FRAMEWORK 

Scientific Inquiry 

To allow for a larger emphasis on design and development of worked-examples the 

theoretical background is kept relatively short. Prior to developing learning material, 

the concept to be fostered needs to be defined. While the National Research Council 

(2011) considers scientific inquiry to be composed of eight practices, this paper will 

focus on just four of them, which are also mirrored in the SDDS-Model (scientific 

discovery as dual search, Klahr, 2000): asking questions; planning and carrying out 

investigations; analyzing and interpreting data; constructing explanations and 

obtaining and evaluating information. These four can be considered basic practices 

(cf. Emden, 2011). The SDDS-model describes scientific discovery as a result of a 

dual search in two mental spaces: hypothesis search space and experiment search 

space. The model forms the NAW-approach’s (NAW: ‘scientific practices’: Klos, 

Henke, Kieren, Walpuski, & Sumfleth, 2008) basis which describes experimental 

scientific inquiry in three main steps: finding an idea/hypothesis, planning and 

conducting an experiment, and drawing a conclusion.  

Worked-Examples and Prompts 

Worked-examples are tasks that contain a problem and its solution. They are 

commonly used in algorithmic domains like mathematics and physics. In recent years, 

worked-examples have extended to non-algorithmic learning domains. This novel 

kind of worked-examples often involves two content levels, the learning domain and 

the exemplifying domain (Renkl, Hilbert, & Schworm, 2009), which unavoidably 

adds complexity to the worked-example. The learning domain describes the 

knowledge that is supposed to be learned. The exemplifying domain contains 

knowledge that is necessary in order to learn the knowledge on the other domain. For 

example the learning domain addresses individual practices of scientific inquiry, and 

the exemplifying domain addresses additional content knowledge, as it is impossible 

to solve a problem irrespective of its content.  

Metacognitive prompts are additional learning hints which support students in a non-

directive way (Wirth, Thillmann, & Künsting, 2008). They encourage students to use 

available abilities. Prompts can help students to generate self-explanations and these 

self-explanation activities in turn foster learning (cf. Chi, Bassok, Lewis, Reimann, & 

Glaser, 1989). 

 

MATERIAL DEVELOPMENT  

To foster scientific inquiry, a sequence of worked-examples was designed. While the 

worked-example guides students through the practices of scientific inquiry, a hands-

on experiment is given to the students in order to put inquiry into practice. For a first 

evaluation study, 14 worked-examples were developed. They all included text blocks 

delineating the practices of scientific inquiry. These scientific inquiry text blocks 

(neA-text block) were faded out in a backward manner (cf. Renkl, Atkinson, Maier, & 

Staley, 2002) throughout the intervention (see figure 1). For each missing text block a 

compensatory metacognitive prompt was added in one of the intervention groups (see 

figure 2). 

Strand 2 Learning science: Cognitive, affective and social aspects

356



 

 

 
Figure 1. Fading of scientific inquiry text-blocks 

 
Figure 2. Adding of compensatory metacognitive prompts 

 

FIRST STUDY  

Design 

The effectiveness of the developed worked-examples was evaluated in a pre-post-

follow up-design with three intervention groups. For an overview of the experimental 

groups see table 1. Table 2 depicts the administered tests and questionnaires. Learning 

with worked-examples was compared to conventional problem solving and it was 

investigated if adding metacognitive prompts influenced the effectiveness of learning. 

The text blocks were faded, both in EG 1 and in EG 2. 

 

Strand 2 Learning science: Cognitive, affective and social aspects

357



Table 1 

Experimental Groups and Study Design 

Session 1 2 3 to 9 10 11 

EG 2 

pre-

test 

introduction 

to scientific 

inquiry 

2 worked-examples with 

integrated experiments and 

additional prompts 
post-

test 

follow 

up-test EG 1 
2 worked-examples with 

integrated experiments 

CG 
2 experimental problem 

solving tasks 

 

Table 2  

Administered Tests and Questionnaires 

Test Session Test 

pre-test Reading skills (Lenhard & Schneider, 2006);  

General interest (Fechner, 2009; Klos, 2008);  

Content knowledge; Structuring test;  

Scientific practices-test 

accompanying test Situational interest (Fechner, 2009; Klos, 2008);  

Cognitive load  

(Paas, 1992; Kalyuga, Chandler, & Sweller, 1999) 

post-test Cognitive abilities (Heller & Perleth, 2000);  

General interest;  

Content knowledge;  

Structuring test (based on Wahser, 2007);  

Scientific practices-test (based on Mannel, 2011) 

follow-up test General interest; Content knowledge; Structuring test;  

Scientific practices-test  

 

Results 

The study was conducted with 68 students (MA=11.12 years, SDA=.587, 45.6% 

female) in 2011. Findings show that the reliability for scientific practices-tests are 

good (Cronbach’s αpre=.82, αpost=.84). There are significant learning increases for 

applying knowledge about scientific inquiry (scientific practices-test) for EG 2  

(t(22) = 2.22, p = .037, d = .66) and for CG (t(17) = 2.52, p = .022, d = .86). The 

learning increase for students in EG 1 (t(20) = 1.89, p = .074, d = .58) was not 

significant.  

After completion of each problem, two cognitive load measures (perceived item 

difficulty and invested mental effort) were surveyed (see table 3). The results of a 

post-hoc-analysis from an ANOVA for invested mental effort (F(2,65) = 3.30, 

p = .043, ηp
² 
= .092) indicate a significant difference between EG 2 and EG 1  

(p = .013). 
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Table 3  

Means and Standard Deviations of Cognitive Load Measures (PID = perceived item 

difficulty; IME = invested mental effort) 

 EG2 EG1 CG 

MPID 1.73 1.61 1.99 

SDPID 0.60  0.50 0.58  

MIME 2.78 1.98 2.30 

SDIME 1.58 0.68 0.59 

 

Combining measures of mental effort with performance measurements, in this case 

learning increases in the scientific practices-test, opens the possibility to use Paas and 

Van Merriënboer’s (1993) method of calculating condition efficiency E. Looking at 

differences between the intervention groups (ANOVA: F(2,59) = 3.66, p = .032,  

ηp
²
 = .110) it can been seen that condition efficiency differs significantly between CG 

and EG 2 (p = .027) as well as between EG 1 and EG 2 (p = .023). Worked-examples 

with additional prompts (EG 2) appear to be less efficient. 

 

CONCLUSIONS FOR FURTHER MATERIAL DEVELOPMENT 

High invested mental effort ratings during the learning process indicate that learning 

efficiency was not as high as intended for the combination of worked-examples and 

prompts. Combining fading procedures with compensatory metacognitive prompts 

appears to be detrimental, as it might increase extraneous load. Therefore, the design 

of the worked examples was changed for a second study. Fading procedures were 

dropped. Nevertheless, metacognitive prompts were retained, since an additional 

video- and interview-study showed that they encouraged retrieval of knowledge about 

scientific inquiry. Moreover, content analysis showed that the worked-examples are 

double-content examples (cf. Renkl et al., 2009): The learning domain addresses 

individual practices of scientific inquiry, and the exemplifying domain addresses 

content knowledge underlying a reasonable performance of practices. To further 

decrease extraneous load, the two content levels were integrated more elaborately into 

each other. This relieves extraneous load through facilitating level-integration so 

students can focus more on learning itself. Four examples that showed unsatisfactory 

results were dropped altogether. The revised design was tested in a more fundamental 

study. 

 

SECOND STUDY 

Design 

Additional experimental groups were added in order to extend basic research 

assumptions to double-content-examples, e.g. the worked-example-effect (EG 2, EG 1 

vs. CG) or a superiority of example-problem-pairs (EG 3, EG 4 vs. EG 1, EG 2). 

Strand 2 Learning science: Cognitive, affective and social aspects

359



Furthermore, groups were added were the worked-examples were not combined with 

a hands-on experiment. The comparison between the groups with and without a 

hands-on experiment (EG 4 vs. EG 3, EG 2 vs. EG 1) allows for a hint on a possible 

split-attention effect between the experiment and the worked-example. Again, a pre-

post-follow up-design was chosen (see table 4) to determine the effectiveness of the 

material. The administered tests and questionnaires were identical to the ones from 

the first study (see table 2). 

 

Table 4 

Study design and experimental groups 

Session 1 2 3 to 7 8 9 

EG 4 

pre-

test 

introduction 

to scientific 

inquiry 

1 worked-example 

(experimental) +  

1 experimental problem 

solving task 

post-

test 

follow 

up-test 

EG 3 

1 worked-example +  

1 experimental problem 

solving task 

EG 2 

1 worked-example +  

1 worked-example 

(experimental) 

EG 1 
2 worked-examples 

(experimental) 

CG 
2 experimental problem 

solving tasks 

 

Results 

The study was conducted in six German secondary schools with 6
th

-graders (N = 285; 

MA = 11.22, SDA = .52, 43.3% female). The study was conducted from October–

December 2012 with the follow up-evaluation in January 2013. Cronbach’s Alpha 

values were satisfying for the structuring test as well as for the scientific practices test 

(structuring test: Cronbach’s αpre=.83, αpost=.86, αfollow up=.91; scientific practices test: 

Cronbach’s αpre=.65, αpost=.79, αfollow up=.78). Covariance analysis with three repeated 

measures controlled for reading skills (F(1,213) = 10.79, p = .001, ηp
²
 = .048) and 

prior knowledge (F(1,213) = 372.83, p < .001, ηp
²
 = .636) shows significant 

differences between the groups (F(4,213) = 15.00, p < .001, ηp
²
 = .220). Post hoc-

analysis shows that the control group differs significantly from the others; students in 

this group show greater learning achievements. A similar pattern can be seen in the 

results of the scientific practices test. Repeated measures covariance analysis 

controlling for reading skills (F(1,215) = 16.92, p < .001, ηp
² 
= .073) and prior 

knowledge (F(1,215) = 428.21, p < .001, ηp
² 
= .666) show significant differences 

between the groups (F(4,215) = 15.43, p < .001, ηp
²
 = .223). Two groups, students 

studying with experimental problem solving tasks (CG) and those studying with 

example-problem-pairs (EG 3), show greater learning achievements than the others. 

The results indicate that obviously the developed worked-examples can foster 

students in the domain of scientific inquiry. They are especially successful, when 
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introduced as example-problem-pairs. Nevertheless, experimental problem solving 

tasks also seem to be a good option to foster students in this domain.  

CONCLUSION 

This paper describes the sequential development of self-regulated-learning material. 

The developed learning material is novel to the field because it integrates the ideas of 

worked-examples with scientific inquiry and hands-on experiments. The results of the 

second study indicate that this kind of learning material is suited for learning in the 

domain of scientific inquiry. In addition, one needs to concede that problem solving 

tasks are also a good opportunity to foster students in this domain. Which kind of 

material to use depends on the given learning environment. Worked-examples in 

combination with the experiments can be recommended in situations where students 

have to study self-regulatedly. With this material the teacher can give all the support 

needed prior to the learning process. The student can study with the material without 

any further support. This is often not the case with open problem solving tasks. 

Therefore, worked-examples provide a good opportunity for situations in which 

students have to study self-regulatedly and independently, as it is the case in the 

additional lessons of full-day-schools in Germany. 
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FACTORS INFLUENCING THE CHOICE OF COURSE 
LEVEL IN CHEMISTRY 
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Abstract: Chemistry is recognized as one of the most unpopular subjects at school and 
is dropped by the majority of students in their open course-level choices at the upper 
secondary level in Germany (Baumert, Bos & Lehmann, 2000). Students’ low 
interest, their low content knowledge and negative self-concept of ability as well as a 
perceived lack of the subject’s relevance for their anticipated careers and their self-
perception are discussed as possible causes for their opting out (e.g., Merzyn, 2011). 
However, reliable data on course choice for chemistry are lacking so far. In order to 
counteract the declining number of students in chemistry courses, predictors of course 
choice and students’ success in chemistry at secondary level are to be identified. 
Deriving from factors influencing course choice which are discussed in literature, 
students’ interest, subject-specific knowledge, grades and their ability self-concept as 
well as their career aspirations and the perceived relevance of the subject will be 
surveyed in a quasi-longitudinal study with two points of measurement spanning one 
academic year involving 9-12 students.  

Keywords: Students’ choice, interest, self-concept of ability, content knowledge, 
career aspirations 

 
INTRODUCTION 
In response to the 1970s demand of the educational councilors German school system 
had to give more consideration to students’ individual interests, abilities and 
professional perspectives, the KMK (Standing Conference of the Ministers of 
Education and Cultural Affairs) introduced an open course-level choice system at 
upper secondary level in Germany. Since then, German students have had the option 
to design their own educational career and personal learning focus at the upper 
secondary level by choosing two advanced-level courses and putting their emphasis 
on a range of subjects they wanted to. These subjects would be given particular 
emphasis in their ‘Abitur’. Regrettably, students’ subject choice has been a negative 
effect for physics and chemistry courses. At upper secondary level, a majority of 
students drop chemistry and physics from their schedules and only few choose an 
advanced-level course (Baumert, Bos & Lehmann, 2000). Current course participant 
statistics from Lower Saxony reveal that the situation has hardly changed over the 
past few years (Niedersächsisches Kultusministerium, 2012). Regarding the declining 
numbers of students taking up chemistry or physics courses, critics maintain that these 
subjects are the losers of the open course-level choice system and doubt that only the 
reform’s intended motives of choice are considered in decision making process. 
Rather, many fear strategies of optimizing grades and minimizing academic effort 
play a significant role in the decision process (e.g., Schoenwald, 2002). With regard to 
increasing participation in science and a lack of scientists and engineers, numerous 
studies have examined students’ subject and study choices in the past few years. Even 
in foreign countries a similar phenomenon, which has become known as the ‘swing 
away from science’, could be observed (Osborne, Simon & Collins, 2003). National 
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and international studies focus the questions, which motives of choice are influencing 
the course-level choices and how the process of this important decision proceeds in 
detail. Several disciplines have tried to solve the challenge of increasing participation 
in science in many different ways. Below, a short overview of the most important 
findings is given. 

Empirical evidence of students’ choice  
Surely the easiest method to examine students‘ motives of choice is to ask them about 
the reasons for their decisions. Corresponding investigations reveal that students 
orientate their choice of course-level mostly towards personal abilities and interests as 
well as towards high marks from lower secondary level and career aspirations. Also, 
the idea to earn high marks for their ‘Abitur’ demonstrably influences their course     
(-level) choice (Abel, 2002). This survey method, however, has repeatedly been 
criticized. They reproach that probably not all factors, which could have influenced 
the decision-making process, are commented on by the students themselves. Studies, 
which have investigated the relationship between students’ personality traits and 
individual subject preferences, show that this criticism is justifiable. Apart from 
interest, marks, achievement-level and career aspirations, demographic factors like 
socio-economic status and parents’ educational level can be identified as factors of 
influence. Also, students’ gender and ethnic background are connected with science 
enrolment patterns (Lyons, 2006). Further studies have tried to approach the problem 
by investigating students’ attitudes (e.g., Bennett, 2001; Jenkins & Nelson, 2005; 
Osborne, Simon & Collins, 2003). They showed that chemistry and physics lessons at 
school are comparatively unpopular and disliked by a majority of students. When 
students are asked about their attitudes towards chemistry, they usually complain of 
the subject being too difficult, boring or too abstract and irrelevant for their lives. 
However students’ attitudes appears not to be an easy to read choice barometer, like 
studies show in which even students, who demonstrate high performances and value 
natural sciences as important for their futures, do not plan to study comparable 
courses (Bordt et al., 2001; Goto, 2001). Moreover, results from the ROSE study 
reveal that students indeed value natural sciences as important for society but they do 
not aspire a career in this field (Schreiner, 2006). In this sense, the results of Lindahl 
(2003) can be read who showed that students were interested in popular science 
magazines and television programs but still claim science lessons were boring and 
uninteresting.  

Furthermore, investigations of Hannover & Kessels (2002) show that students align 
their course choice with how similar or dissimilar they view their selves to be 
compared to prototypical people preferring chemistry. Earlier research from Head 
(1997), who tried to identify potential scientists at an early development stage, reverts 
to this method by comparing characteristics of adult male scientists. In contrast, there 
are other studies which draw a more complex picture of students’ choice processes. 
According to Cleaves (2005, p. 471), “The situation regarding science choices hinges 
on far more dynamic considerations than the stereotypical image of the potential 
advanced science student, committed to becoming a scientist from an early age.” Yet 
in summary, there is broad consensus that students’ decision processes are closely 
linked with students’ identity constructions. Therefore, many scientists require to 
conceptualize students’ interests and decision making processes for course-level 
choice with regard to identity formation (Archer et al., 2010; Bøe et al., 2011; Eccles, 
2009; Schreiner, 2006; Ulriksen, Møller Madsen, & Holmegaard, 2010). Many 
students find it difficult to picture themselves as scientists, resulting in their views of 
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science subjects not being useful and school science failing to engage a wider range of 
students (Lyons & Quinn, 2010).  

The fact that students’ study and course-level choices greatly vary between individual 
students, makes it necessary to look behind all the level of self-contained personal 
variables and combine them in a general model of students’ decision making process 
of choice. Eccles and colleagues meet this demand in their expectancy-value model of 
achievement-related choices (Eccles & Wigfield, 2002) (cf. figure 1). In this, 
students’ expectations of success are considered to play an important role, although 
Eccles points out that this is a necessary but not a sufficient condition to predict 
students’ choices. Besides students’ expectations of success, several subject task 
values, which are connected with different options of choice, are understood to 
influence students’ decisions. Subjective task values include these components: 
interest-enjoyment value, attainment value, utility value and relative cost. Interest-
enjoyment value is understood as students’ subject specific interest and the enjoyment 
the individual gets from the subject. Attainment value is defined as individual 
importance, which is associated with a given task, to confirm important aspects of 
one’s self-schema. For example, it provides information about if it is important for a 
student of doing well in a subject. Utility value is determined by how well a task is 
suitable to reach other goals. Choosing a subject to achieve high marks for the 
‘Abitur’ is an example for this component. Finally, relative cost includes all negative 
aspects which are directly linked to students’ choice. The amount of time and effort 
which are necessary to be successful might determine students’ enrolment decision. 
But also the risks of failure or parents’ disappointment which might come from a 
wrong decision contribute to this component. In summary, all lost opportunities that 
result from making one choice rather in preference over another are conceptualized as 
relative cost.  

 

Figure 1. Expectancy-value model of achievement (Eccles & Wigfield, 2002, p. 119). 

In conclusion, earlier results from Müsgens (1980) showing that the choosing 
processes and the composition of the students in the subjects can be quite different 
can be related to this model. For example, the differences between marks regarding 
aspiring basic-level-course-takers and advanced-level-course-takers are much larger 
in physics and mathematics than they are in history at the end of the lower secondary 
level. Grades and competence beliefs, like TIMSS (2000) has shown, seem to 
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predetermine decisions for or against certain subjects. Similar mechanisms are 
assumed to be working for choosing or not-choosing chemistry. However, appropriate 
investigations are lacking so far. As students exhibit lacking content knowledge even 
at the intermediate secondary level (Ropohl, 2010), it may be assumed that this 
contributes to discouraging their chemistry-course choices. 

METHODS 
In order to counteract a declining number of chemistry students at upper secondary 
level, it is the aim of this study to identify which motives of choice are supportive for 
taking or for dropping chemistry at upper secondary level and which factors can be 
identified as predictors of academic success in chemistry. With these findings, 
opportunities arise to improve the current situation. To realize this research project, 
predictors of course(-level) choice and students’ success in chemistry will be 
surveyed in a quasi-longitudinal study with two points of measurement within a 
period of one year from 9-12 students (cf. figure 2). This includes, that first of all 
deriving from the factors influencing course(-level) choice as discussed in literature, 
students’ interest, subject-specific knowledge, grades and the ability self-concept as 
well as their career aspirations and the perceived relevance of the subject will be 
surveyed. Secondly, all factors of influence for choosing or not-choosing chemistry 
will be surveyed with open and closed items in the same questionnaire to survey 
which factors of influence are given by the students themselves. Non-verbal scales of 
a cognitive ability test from Heller & Perleth (2000) will serve as control variable. 
Therefore, all participating students are surveyed before their first course selection at 
the end of lower secondary level, with students choosing chemistry in the next year 
being surveyed again at the end of grade 10 (subsample I). After the basic- and 
advanced-level-course selections, students who continue chemistry courses are 
surveyed again at the end of grades 11 and 12 (subsample II). Both subsamples will 
be realized in a longitudinal section, mean comparisons will reflect a quasi-
longitudinal section across all three cohorts (cf. figure 2). Altogether 1,800 students 
from North Rhine-Westphalia are surveyed at the first measurement point.  
 

 
 

Figure 2. Quasi-longitudinal study.  

In order to survey chemical content-knowledge, multiple-choice items with a single 
select format are developed for the concept of chemical reactions, because this 
concept is fundamental to chemistry and test instruments and students’ performances 
for the lower secondary level already exist (Walpuski et al., 2011) and a development 
of skills can be expected. Students’ interest will be captured multidimensionally with 
existing scales for content-related interest (Schiefele, Krapp and Prenzel) and relying 
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on validated instruments for subject-related interest by Schulz (2010). In order to 
investigate students’ ability-self-concepts and expectations of self-efficacy 
instruments by Dickhäuser et al. (2002) and Jerusalem & Satow (1999) will be 
administered. 

RESULTS 
At the beginning of 2013, all instruments were tested for applicability with a total 
sample of N = 328 students (53 % male) from all four cohorts (year 9-12) in a pilot 
study. At that time, 61 % of the students came from a ‘Gymnasium’ (academic track 
school) and 39 % from a ‘Gesamtschule’ (comprehensive school). Regarding the 
results from the pilot study, the reliability of the item scales, which should capture 
students’ interest, ability self-concept and expectations of self-efficacy can be valued 
good to very good with Cronbach’s α from .89 to .97. However, results of a Rasch 
analysis of the content-knowledge test suggested developing more easy items because 
some items could not be solved by the students. Further analysis of the open items 
show that from 56.5 % of the students (N = 69) who choose chemistry at the end of 
lower secondary level for the next year, 61 % claim their subject and content specific 
interest were the major reason for choosing chemistry at upper secondary level. In 
contrast, the competence beliefs of only 19 % of the students were decisive for taking 
chemistry and 7 % of the students give ‘good marks from lower secondary level’ as 
criterion for choosing chemistry. Conversely, more than half of the students who have 
not chosen chemistry at upper secondary level claim to opt out of chemistry because 
of its difficulty and their own low abilities. As second and third reasons the students 
give their low interest and a perceived lack of relevance for their anticipated careers. 
Moreover, 80.8 % of the students agree that they have dropped chemistry because 
they believe that it is easier to achieve high marks in other subjects. Surprisingly, the 
results show that the chemistry teachers have only a low influence on students’ course 
selection. Only 21.1 % of the tested persons said the teacher was a reason for 
dropping the subject. These results are in line with correlation analyses which show 
that students’ interest (r = .61, p ≤ .01), ability self-concept (r = .52, p ≤ .01) and 
career aspirations (r = .45 p ≤ .01) play a significant role as a predictor for students’ 
course-level choices in chemistry. Marks and current state of content-knowledge seem 
to be less important.  
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Abstract: According to current research, Context-Based Science Education (CBSE) is 
considered as highly promising for both motivation and learning. In a research 
program on various aspects of CBSE, one specific question investigated is the extent 
(or duration) of a given intervention necessary for a desired effect. On the theoretical 
level, time-on-task is known to be an important factor for many educational 
outcomes. Practically, classroom implementation of a teaching approach often 
disposes of less time than the research it is based on. How then do educational effects 
depend on the extent (“dose”) of a given intervention, or otherwise stated, how does 
the dose-effect-relationship (DER) look like (analogous to the well-known similar 
problem in ecology, biochemical kinetics etc.)? 
An investigation of this question was carried out in a sample of several learning 
groups (total N = 345 participants), working with advertisement story problems 
(ASP). These are based on advertisements with essentially unchanged text and layout 
and containing some science related issues to which various problems are connected. 
In a quasi-experimental pre-post-design treatment groups (learning with ASP) were 
compared to a control group (conventional problems of identical content, and subject 
to various control measures). Physics related motivation was studied using well-
established instruments, analyzed by ANCOVA, and effect sizes (Cohen d) were 
established for the groups working with different numbers (np) of ASP. Subsequently, 
a non-linear regression analysis of d vs np (equivalently, vs total time-on-task) was 
carried out.  

Analysis shows that the educational dose-effect-relationship in question can be fitted 
with high accuracy by a sigmoid function, which is one of the standard functional 
forms of the general theory of DERs. Implications of this finding are discussed both 
for classroom practice (eg. the existence of threshold values for educational effects) 
and for further research (eg. DERs for learning). 
Keywords: Context-Based Science Education, time-on-task, dose-effect-
relationship, advertisement story problems 
 

BACKGROUND, PURPOSE AND RATIONALE 
Context-Based Science Education (CBSE) has a long-standing tradition and is 
considered as a highly promising approach in science education, with positive effects 
both on motivation and learning. Drawing on research in science education in general 
(Bennet et al., 2007), as well in physics education in particular (Taasoobshirazi & 
Carr, 2008) our group is involved in a research program on various forms of CBSE 
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since several years (Müller et al, 2010). 
While work on contexts based on newspapers (Newspaper Story Problems [1], NSP; 
Kuhn, 2010 and aesthetic pictures (Lenzner et al, 2012) was published elsewhere, the 
present contribution is dealing with advertisement story problems (ASP). These are 
based on advertisements which are unchanged in both text and layout (up to minor 
modifications) and contain some science related issue to which various problems are 
connected. In the present study, the learning topic belonged to elementary 
thermodynamics, see Figure 1 for an example. 

	  

On a cool morning, you would like to heat your 
bathroom (A = 15 m2) from 12 °C up to 20 °C 
with an electric heater (see left). 
1. What time does it need to warm up your 

bathroom? 
2. What are the costs for heating the 

bathroom, given a price of 25 cent per 
kilowatt hour? 

Note: Assume that the electrical energy is 
converted completely into heat energy of air. 

Figure 1. An „Advertisement Story Problem“ with original ad clipping (left), and 
problem questions (right) (Vogt 2010). 

 

Within the above-mentioned program on CBSE, one specific problem is the extent (or 
duration) necessary for a given intervention in order to achieve a desired effect. On 
the theoretical level, time-on-task is known to be an important factor for many 
educational outcomes (Berliner, 1990). On the practical level, classroom 
implementation of a research-based teaching approach is often subject to constraints 
implying less time available than in the original research setting. 

On the basis of previous experience and the research program mentioned above this 
question could be treated within the study on ASP, and the methodological basis of 
this study is described in the following. 
 

MATERIALS AND METHODS 

Study Sample and Procedure 
The study was conducted in a broad sample (345 students, 13 classes, 6 teachers, 5 
different schools). Two conditions of learning were compared in a quasi-experimental 
pre-post-design, with treatment group classes (TG) learning with ASP and control 
group classes (CG) with problems in traditional format. Physics content and tasks to 
solve where exactly the same for TG and CG, as well as the lesson plan, in particular 
duration of pupil’s work (90 min. on each worksheet, corresponding to 2 standard 
German lessons). TG and CG classes were taught by the same teacher. Subject 
matters were heat capacity and heat energy (grades 9/10). The instruction followed 
the design presented in Table 1 (for np = 11). In order to investigate the dependence of 
d on np, the latter was varied from 0 to 17 (maintaining the basic design of Table 1). 
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Table 1 

Study and teaching procedure. 

 
 

Materials and Instruments 
Motivation was assessed with an instrument well established in the literature on 
science motivation (adapted from Hoffmann, Häußler & Peters-Haft, 1997) with the 
following subscales: Intrinsic motivation (αc=0.86), reality connection/authenticity 
(αc=0.93) and self efficacy/self concept (αc=0.89); for details see Vogt (2010). 
Achievement was investigated in a separate study, but it will be not be further treated 
in the present work, whose topic is the DER of motivation. Instructional material and 
classroom setting were tested for curricular validity in a physics education 
cooperation network, involving more than 15 teachers from various school levels of 
secondary level I in the study country (Vogt, 2010). 

Covariate measures 
Prior physics achievement was assessed as average grade level of each student in first 
six months prior to intervention. Reading comprehension (Lang et al, 2004), math 
performance (MARKUS, 2000), conceptual understanding in thermodynamics (Yeo 
& Zadnik, 2001) and non-verbal intelligence (Kornmann & Horn, 2001) were 
assessed by standardized measures and taken into consideration as covariates, too. 

Analysis methods 
According to the variable plan, a repeated measures ANCOVA was applied, using 
standard software. Effect sizes (Cohen d) were then established for the groups 
working with different numbers of ASP. Subsequently, a non-linear regression 
analysis of motivation effect size vs. number of problems (or equivalently, vs. total 
time-on-task) was carried out with a standard fitting and regression tool used in 
engineering and science (Table Curve 2D). 
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RESULTS 

With np varied as specified above, motivation effects sizes from 0 to d ≈ 1 were 
found, covering the entire range from no to large effects. In particular, for a 
sufficiently large number of tasks (np > 10), there is a highly significant and 
practically important (d > 0.8) improvement of motivation by the specific form of 
context-based science learning realized by ASP (Figure 2). Moreover, no (or weak) 
dependence on gender, reading and math competence, and cognitive ability was 
found. 

 
Figure 2. Effect size Cohen d depending on time on task. 
 

 
Figure 3. Comparison of estimated and observed effect size. 
 

Strand 2 Learning science: Cognitive, affective and social aspects

373



The focus of this work is about a DER for motivation, and the above range of d values 
allowed to establish d(np) with sufficient accuracy (Figure 3). Some main findings 
are: (i) it turns out to be a sigmoid function of a standard form within the general 
theory of DERs, implying (ii) a steep, marked threshold for the onset of the desired 
effect (np ≈ 8-10, about 150 minutes time-on-task) and (iii) saturation for still larger 
values (np > 12, about 180 minutes time-on-task, see Figure 2). 

 

CONCLUSIONS AND IMPLICATIONS 
While the numerical values found are specific for the topic under investigation, a 
more general practical implication is the very existence of a marked threshold for a 
desired educational outcome: the onset of such an outcome necessitates a sufficient 
number of tasks, and its steepness means that it takes place within a rather short 
“critical” phase of learning; finally, it might be missed altogether even for a strong 
effect, if this number is to low. Partially, this validates teaching intuition, but it goes 
beyond in putting it on an empirical, quantitative basis. 
A plausible limitation to the findings of this study is a possible decline for very high 
“doses” (oversaturation), a hypothesis to be tested in future work. Other topics for 
future research are tests of generalization to other topics and to other educational 
objectives, in particular DERs for knowledge acquisition and competence 
development. 

 
NOTES 
1. „Story Problems“, following current understanding and terminology in 
mathematics education for problems whose core is presented as text rather than in 
technical terms and notation. 
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Abstract: This paper discusses the role of mathematics in physics teaching and 
learning. The intention and strength of science is to describe what happens in the real 
world by organizing explanations through theories and theoretical models. It has been 
widely suggested that learning in science is influenced by views about the nature of 
scientific knowledge. Furthermore, mathematics is an inherent part of theories and 
makes powerful predictions of natural phenomena possible. Ability to use mathe-
matics to argue and prove results is central in physics. Students have been found to 
struggle with physics problems where they need to relate mathematically formulated 
theoretical models to the real world. This project has explored the role of mathematics 
for physics teaching and learning in upper-secondary school through investigations of 
relations made during physics lessons (lectures, problem solving and lab-work) 
between The real world – Theoretical models – Mathematics. A preliminary analysis 
indicate that there are some connections made by students and teacher between 
theories and the real world, but the bulk of the discussion in the classroom is con-
cerning the relation between theoretical models and mathematics, which is in line 
with earlier research on problem solving. The preliminary results reported on here 
indicate that this also holds true for all the investigated organisational forms lectures, 
problem solving in groups and lab-work. A finalized and extended analysis will be 
published elsewhere. 
 

Keywords: Mathematics and Physics, Models, Teaching, Classroom, Upper-
secondary 

 

BACKGROUND AND FRAMEWORK 
Mathematics has an important role in physics teaching and learning due to the 
obvious relation between the subjects. Mathematical expression forms are often used 
to describe models of physical events in the real world. The models are then mani-
pulated mathematically and analysed to make sense in relation to physical theories 
and the hypothesis or situation at hand, i.e. explanations of physical phenomena are 
organized through theories and theoretical models (Adúriz-Bravo, 2012), it is an 
interactive process of discussions, experiments and observations (Giere, 1997), see 
Figure 1. 
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Figure 1. The real world and the world of theoretical models (adapted from Giere, 
1997). 

Hence, observations and experiments by necessity are embedded in theory and are 
therefore ”Theory laden” (Hanson, 1958). Furthermore, it has been widely suggested 
that learning in science is influenced not only by views of these relationships, but also 
more generally by views about the nature of scientific knowledge as summarized by 
Lederman (2007). Theoretical models in physics and science cannot be constructed 
solely from empirical observations, but have to be underpinned by unprovable pre-
suppositions (Cobern, 1991; Hansson, 2007). Theoretical models should be under-
stood as a way to describe the physical reality, while they can never be an answer to 
more philosophically inclined questions (e.g. why nature behaves the way it does). 
Feynman (1985, p. 10) describes it like this: 

… while I am describing to you how Nature works, you won’t understand why 
Nature works that way. But you see, nobody understands that. I can’t explain why 
Nature behaves in this peculiar way.  

Hence, there is a complicated relation between what we call a theoretical model with 
theoretical concepts and real world referents and phenomena. Yet, another aspect to 
take into account is the context dependence of the models drawn upon by students 
while constructing explanations or solving problems. Several authors suggest that 
students simultaneously use a range of explanatory models (Galili & Hazan, 2000; 
Petri & Niedderer, 1998; Redfors & Holgersson, 2006; Redfors & Ryder, 2001; 
Taber, 2000) in a given context.  Different models can be used either during one 
single explanation of a given phenomenon and context, or context dependently during 
explanations of related phenomena, or during explanations of one phenomenon in 
different contexts, e.g. writing, talking, drawing a picture. The explanatory models 
can be scientific models according to the definition we use (Coll, France & Taylor, 
2005; Giere, 1988; Kuo et al. 2013), but we allow for individual variations, and 
variations for a given individual. 
Mathematics is an inherent part of theories and makes powerful predictions of natural 
phenomena possible. Pask (2003) states that Mathematics can be viewed as the 
Science of Analogy – it makes powerful analogies feasible. Ability to use mathematics 
to argue for results within the framework of models is central in physics. History has 
proven that physics can be a fertile ground for new mathematical ideas and creative 
mathematical reasoning. Johansson (2013) shows that physics tests selected from the 
Swedish national test bank require creative mathematical reasoning. However, similar 
studies in mathematics education show significantly lower demands of creative 
reasoning in teacher-constructed tests (Palm, Boesen & Lithner, 2011). In fact, 
imitative reasoning, i.e. reasoning that is memorised and algorithmic, is often enough 
to perform well in teacher-constructed tests; one reason for this may stem from 
teachers own conceptual understanding (Hansson, 2010). From this we can assume 
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that there is a similar relationship in physics teaching and that the students can cope 
by focusing on procedural knowledge; contrary to the spirit of creative reasoning in 
physics. 
Through a historical perspective it becomes clear that mathematical modelling 
represents diverse activities, and that mathematical modelling gets an increasing 
attention within mathematics education research. Efforts are called for to develop 
theoretical frameworks that can be applied to studies of modelling and problem-
solving situations like those in physics studies (Kuo et al., 2012; Michelsen, 2006; 
Kaiser & Sriraman, 2006; Uhden et al., 2012). In physics studies students have been 
found to struggle with explanations and the solving of physics problems when they 
need to relate theoretical models to real world phenomena, especially while using 
mathematics, i.e. combining mathematical operations with conceptual reasoning 
about physical phenomena – realising that equations can express a supreme meaning 
(Kuo et al., 2012; Michelsen, 2006; Tuminaro & Redish, 2007; Uhden et al., 2012).  

Solving of “standard-problems” (often appearing in the end of a chapter in physics 
textbooks) is traditionally a central part of physics teaching in upper secondary school 
in Sweden. This is emphasised in a study by Due (2009) where students state that to 
succeed in physics, it is necessary to put a lot of effort into solving physics problems. 
Teachers often take for granted that students, who are able to solve standard prob-
lems, also have a good understanding of physics concepts and models. However, 
research show that this is not necessarily the case. Students can solve the problems 
without really understanding the concepts and models used (t.ex. Maloney, 1994; 
Hobden, 1998). An explanation to this is that beginning physics students tend to 
search for a formula that fits the numbers/variables given in the problem (Larkin et 
al., 1980).  
In summary we know from earlier research that the solving of physics standard 
problems is not a guarantee that students focus on the relationship between 
models/concepts and the “real world”, as stated above as central for physics. Instead 
students in this situation often focus on putting numbers into formulas or combina-
tions of formulas, manipulating them mathematically and getting the right answer. In 
this study we want to broaden the perspective on how the relations between The real 
world – Theoretical models – Mathematics (e.g. manipulations of formulas) are 
communicated in different kinds of situations (not only problem solving) in the 
teaching of physics. The research in this area is so far scarce. 

 

AIM AND RESEARCH QUESTIONS 
The purpose of this project is to further explore the role of mathematics for physics 
teaching and learning in upper-secondary school through investigating relations made 
during physics lessons (lectures, problem solving and lab-work) between The real 
world – Theoretical models – Mathematics. The research questions are: 

1. How is mathematical concepts and mathematical reasoning used during 
physics lessons and what characteristics of situations and physics phenomena 
instigate this usage? 

2. In what ways to students’ expectations of and attitudes to physics and 
mathematics influence their usage? 
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METHOD 
The study uses video-based classroom observations (lectures, problem-solving 
sessions and lab-work) and written surveys, and has adapted the methodological 
approach developed by Clarke (2001) for fine grained, case based analyses of 
multiple video records of classroom sequences. These involve video capture of lesson 
sequences using a camera focused on the teacher, and other cameras focused on 
student groups. The video recordings are backed-up by audio recording devices.  

One teacher and students in three classes in the science programme in an upper-
secondary school (one in 1st and two in 3d year) have been studied during sequences 
of lectures, problem solving in groups, and lab-work, three to four lessons (40-80 min 
each) per class. The 1st year class studied mechanics (dynamics and the energy 
principle). One 3d year class studied optics and atomic physics (diffraction gratings 
and spectroscopy) and the physics content for the other 3d year class was electric and 
magnetic fields (movement of charged particles).  
Written instruments have been developed to meet the video recordings in triangu-
lation. One adapted from Redish et al. (1998) and Yusof & Tall (1999) measures 
expectations and attitudes to physics and mathematics. This was administered as a 
pre-test before the start of the teaching sequence. The other, developed in this project, 
gives students a possibility to express individual experiences after a lecture. It was 
administered during the first lesson of each teaching sequence, directly after the 
lecture and before the start of the collaborative group work on problem solving that 
followed on the lecture. This instrument is referred to as the “lecture-survey” below. 

We report here on a preliminary analysis of the surveys and the video recordings. An 
elaborate analysis of all the data is on-going and will be presented elsewhere. 

 
RESULTS 
We have through the use of video recording analysed the communication during 
lectures and student-centred work, i.e. group work during problem solving and lab-
work. The data is analysed from a deductive perspective of finding the links shown in 
the “triangle of analysis” as depicted in Figure 2. The three sides of the triangle 
represent the different links.  

 

 
 

3 

1 2 

Theoretical models 
Concepts  

The real world 
Referents 

Mathematics 

Figure 2. Theoretical models  – The real world – Mathematics in physics teaching 
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Preliminary analysis of one of the classes (1st year) indicates that the lectures and 
demonstrations were performed from a perspective of preparing the students for 
problem solving using formulas, rather than aiming for a discussion about the 
relationships between the theoretical physics models and the real world. When 
solving problems the teacher typically tended to decontextualize and transfer the 
problem to the domain of mathematics as depicted in the following example.  

Example 1 (teacher): When calculating the deflection α of electrons passing through 
an electric field the teacher started drawing a triangle (see Figure 3) from which the 
calculations were performed, and later when the problem was solved she continued to 
draw a parallelogram of forces acting on the electron (see Figure 3) commenting that 
“this is how it should be (how it is supposed to be drawn) if we are picky”. The 
teacher also referred to previous mathematics lessons in which they had dealt with 
similar problems in trigonometry. Moreover, no distinction was made between 
definitions and theories of physics as both become “formulas” when teacher and 
students solved problems.  
 

 
Figure 3. Teacher’s drawing on the whiteboard.  

 
 
During group-work (problem solving and lab-work) students talked initially about the 
context of a problem and related the real world to the world of models, but the context 
of the problem was often described shortly and in abstract terms. The discussion 
rapidly shifted towards formulas and how to find and manipulate useful ones. Results 
so far indicate several cases where students used formulas without understanding 
them and their symbols, which the next example illustrates. 

Student1: I didn’t get it, but OK [after the teacher has indicated a formula to use] 
 
Student2: Not that I get the formula, but … [they solve it using the formula]  

 
When students worked with textbook problems they frequently consulted the Answer 
section. The teacher said the reason for this might be that it is difficult for the students 
to assess the reasonableness of their answers. The meaning of symbols was not 
always clear, e.g. the meaning of E as either Electric field strength or Energy. The 
representational nature of symbols seemed to cause difficulties for the students. 

Another example, which is an exception from the typical student behaviour in the 
study, comes from a 3d year class, where we have also started to cross analyse the 
videos with results from the expectation survey (Redish et al., 1998).  
Example 2 (teacher): The teacher’s lecture on the movement of electrons in electric 
fields started with a demonstration of an electron tube. The teacher talked about 
electrons moving, colliding with gas atoms and the consequent emission of light. 
However, she then stated “… but we will talk more about that later” referring to 
future lessons on atoms and molecules. She pointed to the trajectory in the electron 
tube and talked about it as a parabolic motion “even though it does not really look 

vx 
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that way”. Her statements here are placed by us along the middle of “side” 1 of the 
triangle (see Figure 2). The teacher continued “It is a kind of parabolic motion” then 
“left” the phenomenon and concentrated on mathematics and the kinematics in 
problem solving on the board. She is here depicted to be at the lower end of “side” 2 
of the triangle in Figure 2.  
Example 2 (students): The group work – problem solving after the lecture – started 
and initially two students with low scores on the reality and math link from the 
expectation survey (Redish et al., 1998) started looking for formulas (lower end of 
side 2 in Figure 2). The third student with high reality score from the expectation 
survey made links to the real world, no explicit reference to theoretical models, but 
his statement is categorised as side 1 (lower end in Fig. 2). This student also praised 
demonstrations and oral explanations in the lecture-survey. Hence, for this group 
there is an implied correlation between survey results and behaviour in the group. 
After a while something happened in the group and all three students started talking 
about the “behaviour” of the particles in the problem, making links between the 
model and the phenomenon. This and other occurrences are currently being further 
analysed and results from more extensive analysis will be presented elsewhere. 
 

DISCUSSION, CONTINUATION AND IMPLICATIONS 
In the physics teachers’ community there are many ideas about the role of mathemat-
ics in physics teaching. For example:  

• Mathematics is the language of physics 
• Students need some specific knowledge in mathematics to study physics 

 
There is also talk about mathematics as a hindrance – the reason why physics studies 
are difficult. Students ”get stuck” in the mathematics. Hence, there are several reasons 
to investigate the role of mathematics in the physics teaching of today.  
The preliminary analysis described here indicates that there are some connections 
made by students and teacher between theories and the real world, but the bulk of the 
discussion in the classroom is concerning the relation 2 in Figure 2, which is in line 
with earlier research on problem solving (e.g. Torigoe & Gladding, 2011). Surpris-
ingly this result seems to hold true for all three investigated organisational forms, i.e. 
lectures, problem solving in groups and lab-work. However, the preliminary analysis 
indicates that sem solving that followed the lecture.e, directly after the tudents with 
scores indicating an expectation to learn about links between reality and theoretical 
concepts from the survey (Redish et al., 1998) tend to raise links to the real world 
during group-work discussions, which the third student in student example 2 
exemplifies. This was, as aforementioned, not the typical situation in the groups 
though. 

There are relations made between theoretical models and the real phenomena, but the 
focus, during the major part of the lessons, is on mathematics and manipulation of 
formulas, which appears to concur with most students having low score on the 
expectation survey on the link they see between mathematics and descriptions of real 
world phenomena through physics. This adheres to earlier results on students’ 
problem solving in physics classes (Kuo et al., 2012; Uhden et al., 2012). 
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The preliminary results presented here indicate that explicit prompting about connec-
tions to the real world should be increased in teacher communication with students. A 
central feature of teachers’ competence is the ability to illuminate and explain the 
objects of teaching. Teachers’ knowledge and usage of the relationship between The 
real world – Theoretical models – Mathematics therefore seem to be of outmost 
importance.  

Through the continuation of this project we hope to provide teachers and teacher 
educators with conclusive evidence of how the relations between theoretical The real 
world – Theoretical models – Mathematics are communicated in physics class, which 
we think will form starting points for further development of Physics teaching and 
learning, and for Physics Teacher Education – replacing the current “voices”, referred 
to above, on how “it is” in physics classrooms. 
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Abstract: This paper describes the background for, realisation of and author reflections on a 
network workshop held at ESERA2013. As a new research area in science education, 
networks offer a unique opportunity to visualise and find patterns and relationships in 
complicated social or academic network data. These include student relations and interactions
and epistemic and linguistic networks of words, concepts and actions. Network methodology 
has already found use in science education research. However, while networks hold the 
potential for new insights, they have not yet found wide use in the science education research 
community. With this workshop, participants were offered a way into network science based 
on authentic educational research data. The workshop was constructed as an inquiry lesson 
with emphasis on user autonomy.  Learning activities had participants choose to work with 
one of two cases of networks. In the one case participants studied learning processes based on
student interactions as represented by a social network. In the other they investigated how 
text represented as networks could lead to different interpretations of the meanings embedded
in the original text. In both cases they created and analysed networks using the commonly 
used and freely available software Gephi (gephi.org).  Reflecting upon why science education
researchers might be hesitant to adopt network methodology we identify a key problem for 
networks in science education research: The cost in resources of learning how to include 
network methodology in one’s research might supersede the perceived benefits of doing so.
As  a response to that problem, we argue that workshops can act as a road towards 
meaningful engagement with networks and highlight that network methodology promises 
new ways of interpreting data to answer questions about the processes of learning science.

Keywords: Network analysis, Assessment methods, Dynamic Visualization Tools, Evidence 
Based Approaches

BACKGROUND FOR THE WORKSHOP
Social Network Analysis (SNA) is a well-established field within sociology (Carrington and 
Scott, 2011), which educational researchers are beginning to utilise to investigate 
communities at various educational levels (Daly, 2010; Forsman, 2011; Bruun, 2012). 
Recently, networks have been used to investigate learning processes as they unfold in science
learning contexts. For example, Koponen and Pehkonen (2010) used concept networks to 
investigate the quality and coherence of student knowledge structures. Bodin (2012) used 
networks of interview codes to investigate how students think about problem solving in 
physics before and after a teaching intervention. Networks have thus been used to represent 
cognitive aspects of student learning processes, but they have also been used to represent 
social and motivational aspects. Goertzen, Brewe, and Kramer (2012) show how the personal 
networks of three different students change during an introductory physics course and relate 
the network findings about the social aspects of becoming a physics student. Thus networks 
have been used to study social, motivational and cognitive aspects of learning.
 
The theory of networks is built around relations between entities, and they reveal structures 
of relations, which would not be visible without them. They have the potential to inform 
learning theories involving processes of learning, because they allow researchers to represent 
qualitative relations quantitatively. The only rule is that researchers need to be clear on what 
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the entities and relations (in network terminology: nodes and links) represent, and they need 
to continuously renegotiate their understanding of both entities and relations (Bruun, 2012).

With this workshop, we wanted to disseminate the practice of using networks in science 
education research. In our experience, networks are not easy to grasp. It is challenging to 
create networks, let alone to understand their message. However, networks offer fruitful ways
of visualising, analysing, and interpreting learning processes in science classrooms. 

Based on results from studies in science education that utilises network methodology, we 
believe that science education researchers can use knowledge of networks to change and 
understand learning processes and the systems in which they occur. Our aim with this 
workshop was to give science education researchers the opportunity to work with authentic 
data to create and analyse networks.

WORKSHOP CASES
Since we wanted to show the diversity of network analysis application, we chose two 
examples of networks, which are far from each other in terms of meaning, but can 
nevertheless be analysed using the same tools from network analysis. For this workshop, we 
chose a particular type of social and academic networks that are called student interaction 
networks (Bruun and Brewe, 2012) and linguistic networks (Massucci and Rodgers, 2006; 
Bruun 2012) as the examples. Here, we explain these network types, emphasising how they 
were constructed and how they could relate to the study of learning processes.

Example Case 1: Social and academic networks of student interactions

Figure 1. A student interaction network depicting how students remember having 
communicated with each other about problem solving. Student interaction networks are a 
type of social networks. 
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Figure 1 depicts the network for student interactions regarding problem solving in physics. 
The circles represent 187 students and the arrows these students’ responses to the question: 
With whom do you remember having communicated with about problem solving in physics 
during the last week (Bruun and Brewe, 2013; Bruun, 2012). Each of the 1258 arrows 
represent the recall of interactions of this kind. The thickness of each of the arrows signifies 
that a student has remembered the particular student the arrow points to a number of times. 
The thicker the link (arrows) the more times a student has named another student. In Figure 1,
gender is represented with colour (green for females, purple for males) while the number of 
links to and from each node is represented by the size of the circles. The exact procedure for 
developing questions and collecting data is described elsewhere (Bruun, 2012). 

A network like the one in Figure 1 can be used in many different ways to study learning 
processes. First of all, note that networks have both a strong visual side while also being a 
mathematical object. This means that different measures of interest (for example, a student’s 
position in the network) can be calculated and immediately visualised using different kinds of
layout and geometrical and sensory attributes (size, shape, and colour). Second, a link can 
represent processes of learning, because it implies that an interaction has taken place between
two students (Bruun, 2012) and network position may be seen as a proxy measure of 
participation (Goertzen et. al, 2012; Dawson, 2008). 

In Figure 1, it seems that some clusters of circles are closer together than others. For 
example, to the far right, there is a cluster representing students that seems to be only loosely 
connected to the rest of the students. If one looks even more closely, other clusters of students
can be discerned. For example, the top right cluster could represent a group of students. 
Bruun (2012) have suggested that such clusters of students might represent communities of 
practice or even communities of learners (Wenger, 1998). One way of using a network in 
research on communities of practice could be to use them to identify candidate communities, 
which one could then investigate by other methods, for example interview or observations1. 

Example Case 2: Amplified linguistic network of the PISA 2015 definition 
of Scientific Literacy
Figure 2 shows a linguistic network representing the proposed definition of scientific literacy 
from the PISA 2015 framework (OECD, 2013, p.7). The network has been created using a 
coding scheme that reduces single complex sentences to many simple sentences (Bruun, 
Evans and Dolin, 2009; Bruun and Nielsen, 2013)2. The principle can be seen with one 
sentence from the definition: “Recognise, offer and evaluate explanations for a range of 
natural and technological phenomena” which is parsed into the sentence parts: 

1. Recognise explanations for a range of natural phenomena
2. Recognise explanations for a range of technological phenomena
3. Offer explanations for a range of natural phenomena
4. Offer explanations for a range of technological phenomena
5. Evaluate explanations for a range of natural phenomena
6. Evaluate explanations for a range of technological phenomena

In this case, action verbs are separated to make the connection between each verb and the 
word explanation recognisable in a network. For the same reason natural phenomena and 
technological phenomena are separated. The connections become clear in the network since 
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an arrow is drawn between two words, if they are adjacent in the parsed text. That is, since 
explanations follow recognise two times the parsed text will give rise to an arrow of 
thickness two in the corresponding linguistic network.

Figure 2. An amplified linguistic network which represents a text. Each circle represents a 
word, and words are linked according to a particular coding scheme. 

 Following standard text mining principles (Feldman and Sanger, 2007), common words like 
for and and are removed and if necessary, words are reduced to a stemmed form 
(explanations and explanation is represented by the same word). In Figure 2, the size of the 
nodes are proportional to the PageRank (Brin and Page, 1999)  of the word in the parsed 
version, and colours represent groups of words as found by a computer algorithm developed 
in network science to detect communities in networks (Blondel, Guillaume, Lambiotte, and 
Lefebvre, 2008). 

An amplified linguistic network like the one shown in Figure 2 is related to the study of 
learning processes since it highlights a particular view on what OECD has deemed important 
for students to learn as part of school. In this view, evaluate is the central verb pointing to 
enquiry, arguments, claims and explanations. In contrast, interpret, is less central, and 
actually indirectly links to evaluate through data and evidence. 

The network in Figure 2 is an instance of a linguistic network that maps a text, which 
happens to be an official document. But one could also map student texts on a science subject
at different times to see how they connect different words in different ways during a course 
(Bruun, 2012). This is a different situation, which may require different parsing and text 
mining procedures. However, it would be directly linked to student learning processes. 

Using both the parsing technique described above and applying the principles from text 
mining has important theoretical consequences (Bruun, 2012). For example, one could argue 
that the artificial amplification may not represent the true meaning of the document, or that 
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words that are common in everyday language might have special meaning in science contexts
and conversely that words that are not often used in everyday language could be abundant in 
science texts. However, these considerations are not methodological shortcomings but rather 
choices that one should be aware of. These choices allow researchers to study texts in 
different ways and from different perspectives.

DESCRIPTION OF WORKSHOP
We wanted the participants of the workshop to experience some of the issues and possibilities
that we have experiences with when working with networks. To facilitate this, we used a 
hands-on inquiry based approach (Lawson, 2007). 

In the workshop, participants downloaded and used Gephi software to investigate and create 
networks of the two types exemplified above3. These networks were based on authentic 
research data supplied by the authors. After a short introduction, they chose to either create a 
linguistic network based on the proposed PISA 2015 definition of scientific literacy or to 
investigate different kinds of student interaction networks.  Facilitator explanations were kept
to a minimum; the role of the facilitators was to validate practices and help with technical 
difficulties. Table 1 illustrates the detailed plan.

Table 1

Schema of the activities in the workshop. 

Title Activity Concepts Products

The goals of 
the workshop

Prezi presentation Networks of words, networks 
of people

Prezi at 
www.prezi.com

Preliminary 
tasks

Exploring 
networks using 
Gephi

Linguistic networks, social 
networks, basic features, 
meaning of networks

Different layouts of 
provided networks

SNA/LNA 
task

Exploring 
social/linguistic 
networks

Centrality, importance, 
community detection, 
continuous development of 
meaning

Participant 
developed networks

Summing up Plenary discussion Using networks, qualitative/ 
quantitative/mixed research

Ideas in Prezi

Since we saw the workshop as a teaching/learning activity, we structured it as such. The 
workshop learning objectives were for participants to:

1. Make an informed choice of one of two cases of using networks based on short initial
presentations and preliminary tasks.

2. Create and visually analyse a network from real data using commonly used and free 
network analysis software.

It is our impression that participants did in fact meet these learning objectives. We base this 
on the discussions we had with each participants (Goals 1. and 2.) and on the fact that we 
could see participant progress (Goal 2.). 
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The workshop emphasised particular realisations of how one can study learning processes 
with networks. However, educational researchers might also study learning processes (and 
indeed other phenomena) by representing coded texts and transcripts as networks (Bodin, 
2012; Bruun, 2012), or by making similarity networks on questionnaire data where two 
respondents are connected if their answers are similar (Elmeskov, Bruun, and Nielsen 2013). 
These kinds of networks can help researchers structure their data to find patterns of interest 
that they would not see otherwise. 

REFLECTIONS ON NETWORK WORKSHOPS

The authors believe that networks hold great potential for informing science education 
research as a field. However, many researchers seem hesitant to embrace them as a research 
tool, which we attribute to two things. First, while networks seem to intuitively be 
meaningful when presented in a paper, any detailed investigation of them quickly becomes 
very complex. Second, networks offer a new way of thinking about data collection and 
analysis, and it is often not straightforward to see how network analysis could bring 
additional useful meaning to a particular area of research. 

Taken together, these two reasons seem to lead to the following problem for networks in 
science education research: The cost in resources of learning how to include network 
methodology in one’s research might supersede the perceived benefits of doing so. It remains 
a task for current network users  in science education research to show the possibilities of 
working with networks and to develop ways for other researchers to engage with networks. 

We believe that, one of the roads towards meaningful engagement is through workshops. In 
this particular workshop, participants explored two networks that were qualitatively different.
However, as argued in the Introduction, many other kinds of networks can be created to yield 
very diverse types of information about learning processes. From a constructivist point of 
view (e.g. Lawson, 2007), participants would gain the most from working with data that is 
close to that with which they normally work. In that way, each participant would clearly be 
able to see the correspondences between network representations and the representations with
which they normally work. Following this line of thinking, network workshops that target not
only methodologies but also different research interests should be developed and held. 

The network software Gephi that we used for this particular workshop has many advantages. 
First of all, it is free and can be downloaded to every major operating system (Mac, Linux, 
Windows). Second, it has a visual and dynamic interface that can illustrate many aspects of 
network science models and representations. Third, it offers algorithms for calculating 
numerous network measures, which can then be illustrated graphically. Finally, the software 
code is open source and supported by an extensive online community. Thus, many extensions
are available for many different purposes. For more extensive work, other software programs,
like R4, offer more powerful ways of analysing networks. However, the visual aspect of 
Gephi along with its many functionalities, make it a valuable tool for research. 

Network workshops might hold the potential for academic discussions that can help science 
education researchers develop network methodology as it could be applied in research aiming
at changing teaching. As shown in Figures 1 and 2, networks have a visual side that can 
clearly show the structure of related entities. One could imagine studies in which certain 
kinds of teaching strategies that were based on research on learning processes, were 
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employed. Different strategies might result in different networks, for example two different 
social networks or two different linguistic networks. Discussions at workshops could serve to 
develop validity and interpretation of such networks. 

Network methodology as employed in science education research involves collecting data in 
ways, which resemble other kinds of data collection in the field. Transcripts of interviews, 
annotated video, texts of varying types, and survey data have been represented and analysed 
meaningfully as networks. Network analysis does not require that researchers collect raw 
data, like video, text, and audio files in new ways. However, the preparation of data involves 
converting the raw data to entities, which are related to each other. That is the data must have 
the form of a set of nodes and a set of links that connect the nodes. If this criterion is met 
however, network methodology seems to promise researchers new ways of interpreting data 
to answer questions about the processes of learning science.

NOTES
1. This particular idea was developed as part of one of the author’s discussion with a 
participant in the workshop.
2. A detailed procedure is given at https://absalon.itslearning.com/jbruun/blog/.
3. The task sheets and network files used for the workshop are available at 
www.jbruun.org/ESERA2013
4. Available at http://r-project.org 
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Abstract: Pupil’s interest and enjoyment of learning STEM subjects is often equated 

with their interest in STEM careers. Yet research shows that engagement with school 

science and motivation for a science career are not the same as students may 

simultaneously report positive attitudes to STEM subjects and actively reject STEM 

as a future career option. Using the context of the multinational European project 

inGenious in this study we examine secondary pupils’ views on different aspects of 

learning STEM subjects and on STEM careers. The areas covered in the study include 

pupil’s interest in science and technology, their views on school teaching of STEM 

subjects, social attitudes to the STEM sector as well as pupils’ inclinations towards 

STEM-related careers. We analyse the findings in relation to regional and gender 

differences and consider the relative role of various factors in fostering young 

people’s disposition towards STEM-related careers. Career choice is a complex 

phenomenon and our research shows that making school lessons interesting and 

informing pupils about social significance of STEM subjects is important but not 

sufficient in swaying young people towards STEM careers. At the same time, when 

information about the modern state of STEM jobs and real life applications is blended 

in STEM education in a meaningful way for young people, it can trigger important 

changes in career choices. 

Keywords: pupils’ views on STEM, interest in STEM careers, industry-school 

collaboration in STEM education 

INTRODUCTION 

A relative drop in the number of STEM (science, technology, engineering and 

mathematics) graduates coupled with a shortage of workers with high-vocational and 

technical skills have increasingly become matters of political and economic concern 

in most European countries. Recruitment to the STEM sector and a proportionate 

decline in a qualified STEM workforce are publicly recognised as EU-wide problems 

that require urgent and systemic countermeasures (Eurobarometer 2008). In both 

public and academic discourses the issue has become firmly linked to young people’s 

disengagement with STEM subjects in school and their decreasing interest in STEM 

careers (ERT 2009, Sjøberg & Schreiner 2010).   

Multiple research studies register a growing decline of pupil’s interest in STEM 

subjects, which is particularly noticeable in secondary school (Rohaan et al 2010) and 

which is exacerbated by the parallel development of stark gender differences (Jenkins 

& Nelson 2005). To explain variations in pupil’s engagement with STEM subjects 

and careers, researchers have identified various social, cultural and economic factors.   

For example, the UK scholars investigating educational and career aspirations of 

school children within the project ASPIRES (2013) developed a concept of science 
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capital as the main explanatory tool that helps to understand how pupil aspirations are 

shaped.  Science capital relates to the level of interest, knowledge and understanding 

of science matters encapsulated in pupil immediate environment (family and friends). 

It is important because it directly influences a young person’s disposition towards 

STEM learning and careers: increase in social capital makes a pupil more likely to 

continue learning STEM subjects post-16 and to consider a STEM-related job in the 

future.  Being a powerful heuristic and explanatory concept, it also implies that the 

key forces that determine and sustain pupil aspirations lay outside the classroom. 

Consequently, raising science capital is a crucial but a very difficult task that requires 

structural social changes as well as long-term and large-scale social investments.  

A different line of enquiry is focused on the quality of teaching STEM at school as 

well as on the quality and relevance of career advice. For instance, Cleaves (2005) 

shows how school experience of STEM could make a crucial difference in young 

people’s predisposition to STEM learning and careers.  However, the nature of 

formative processes shaping career aspirations at school is not well understood. 

The present study examines secondary pupils’ views on different aspects of STEM 

subjects and careers, including their personal interests, views on school teaching of 

STEM and their social attitudes, and considers their relative role in fostering young 

people’s inclination towards STEM-related careers. 

RATIONALE 

The data for this paper comes from the on-going pan-European project inGenious 

(also known as ECB – the European Coordinating Body for STEM education), which 

involves over 40 partner organisations representing European industry, policy makers 

and STEM educators. The project aims to foster young people’s interest in STEM 

education and careers. To this purpose inGenious facilitates existing school-industry 

partnerships and supports the development and dissemination throughout Europe of 

innovative STEM educational practices designed by industrial partners.  

While the project is open to all schools in Europe and is expected to reach over 1,500 

classrooms, around 150 pilot schools have been selected in each of the three testing 

cycles, which have agreed to participate in a more rigorous evaluation process of 

inGenious practices. Participating pupils and teachers are asked to fill in the 

questionnaires at the beginning, during and after each pilot cycle. The collected data is 

used for evaluation purposes, but it also provides valuable insights into the current 

state of STEM teaching and learning, personal and social views and job aspirations. 

More importantly, this data enables us to assess the relative impact of personal 

interest, school teaching, social attitudes, industry and job stereotypes on pupil’s 

predisposition to STEM-related careers in different parts of Europe. 

Drawing on the existing research that investigates formative processes that shape 

career choices, our research questions were:   

 How do pupil-participants of inGenious perceive various aspects of STEM 

education and employment? 

 Are there any gender and regional differences in their views and 

experiences? 

 What is the relationship between pupils’ views on and experiences of 

STEM and their inclinations towards STEM-related careers? 
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METHODOLOGY 

This study is based on the analysis of 7,601 responses from secondary pupils (11-16 

year olds) of schools participating in the pilot testing of the inGenious practices. The 

data was collected in 23 European countries and two EU-partner countries (Turkey 

and Israel) at the onset of the two consecutive pilot cycles of the project.  2,756 

questionnaires were received in the first pilot year, which was a shorter cycle, and 

4,845 in the second pilot year.  

The terms of the project and the nature of the pilot design created certain 

methodological constrains. First, the survey was administered in 15 different 

languages, so that the majority of pupils answered questions in their native language. 

However, where the number of participating schools in a country was between one 

and three, e.g. Bulgaria or Macedonia, both pupils and teachers used English 

questionnaires. To overcome this limitation, the survey instruments are designed to be 

robust and simple: pupils are presented with a number of themed statements and asked 

to show how much they agree with each of them on a four point scale ranging from 

strongly disagree to strongly agree. 

Second, the number of participating schools and pupils in each country varies from 

one school to 11 schools and for some countries this could be different in each pilot 

cycle. Therefore the analysis has been carried out by grouping the schools into five 

larger geographical areas in Europe (Table 1).  

Table 1 

Respondents per country and geographical area 

 

Finally, despite the wide geography and high volume of collected responses, we have 

little knowledge of how representative our sample is. The results show that we have a 

reasonable gender representation in each region (Table 2), but due to the nature of the 

sample we also expect some positive skewedness of data. Given the self-nominating 

and voluntary mechanism of participation in the project, the inGenious teachers are 

probably more enthusiastic and better performing teachers than an average teacher in 

their respective countries, and this is likely to be reflected on their pupils’ views and 

attitudes to STEM.  In addition, some of these teachers were likely to select their 

better performing and more motivated STEM pupils for testing inGenious practices 

and filling in the questionnaires. 
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Table 2 

Gender representation in each region 

 

Overall, data collected through inGenious reveals a mixed picture of pupils’ interests, 

attitudes and career preferences in STEM.  As expected, our results are slightly more 

optimistic than the findings reported in other research projects (Sjøberg & Schreiner 

2010). However, positive skewedness does not change the nature of the relationship 

between variables and many of our findings largely confirm earlier identified trends 

and gender/regional differences. 

RESULTS 

1. Interest in STEM topics 

We have a number of statements designed to measure the level of pupil’s interest and 

enjoyment of science, technology and maths in and outside the school.  

On total, more than 70% of pupils claim interest in science and technology topics 

(Figure 1), but there are clear gender and regional differences. These differences are 

particularly acute when one compares answers of Southern and Northern European 

pupils. The first group shows the most enthusiasm (85%) and the least difference 

between genders (9%), while the second group exhibits the opposite tendency – the 

lowest level of interest (60%) and the greatest gender divide (19%).   

 
Figure 1. Pupils interest in science and technology topics 

The same North-South divide is visible when pupils feedback on their interest in 

science and technology lessons: 66% in the European North vs. 84% in the South 

think their lessons are interesting (Figure 2). Although the gender gap is noticeably 

smaller in all regions, for boys there seems to be a close connection between their 

general interest in science matters and reported interest in science lessons, but this is 

not the case for girls. While the number of boys considering their lessons interesting is 

similar to the number of boys with a general interest (80% and 79%), more girls like 

their science lessons (73%) than admit general interest in science topics (66%).  
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Figure 2. Pupils interest in science and technology lessons 

However, when we ask pupils about their STEM-related learning outside classroom, 

only 60% of boys and 44% of girls say they engage in learning about science and 

technology outside classroom (Table 3). This is approximately 20% less than the 

interest registered through the two previous questions and this is true for both genders 

and in all regions, thus correcting an otherwise very optimistic picture of pupil high 

interest in the area.  

Table 3 

Perception of science learning outside the classroom 

 

Overall, this observation points to the importance of differences in the level of pupils 

exposure to STEM at home, which indirectly confirms the heuristic validity of the 

notion of science capital (Archer et al 2012). It also means that for many children, and 

especially for girls, school remains the key point of contact with STEM and 

consequently the main source of information about and motivation for STEM careers.  

2. Views on STEM in School 

Further analysis of pupils’ views on their school experience of STEM subjects (Table 

4) revealed that while pupils are more likely to consider science rather than 

mathematics as their favourite school subject (55% vs. 44%), the reverse is true with 

their views on the practical importance of school knowledge in science and 

mathematics (63% vs. 70%). This dichotomy is particularly visible for girls: only two 

in five girls name mathematics as their favourite subject, yet more than two thirds of 

them agree that they mathematics has practical importance in their life.  In contrast, 

almost half of girls enjoy science lessons, however, only 60% consider the knowledge 

they receive there as relevant to real life.  
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Table 4 

Views on STEM subjects in school 

 

3. Social views and personal relevance 

The examination of pupil views on the social significance of STEM (Table 5) shows 

greater regional and gender homogeneity as well as an overall high awareness of the 

role the STEM sector plays at present (73%) and will play in the future (84%). In a 

similar fashion, when pupils are asked to consider their own future education and 

career, they attribute high importance to learning STEM (79%).  

Gender gap is reduced as more than ¾ of girls and more than 4/5 of boys agree that 

“doing well in mathematics, science and technology is important for my further 

education and career” and fewer than 30% in each gender category do not think that 

STEM knowledge will be useful in their future.   At the same time girls show a 

slightly lower self-esteem when asked to assess their personal suitability for work in 

this sector: 39% of girls vs. 29% of boys agree with the negative statement I do not 

have personal qualities and skills necessary for a career in industry, science or 

technology.  

Table 5 

Social views on STEM and its relevance to personal future 

 

4. Attitudes to STEM jobs 

Despite a homogeneously high level of accepting the importance of STEM in society 

and equal homogeneity in acknowledging the diversity of STEM-related jobs that 

require different sets of personal qualities and technical skills, many pupils, and 

especially girls, do not consider this future for themselves.  

The comparison of pupil dispositions to STEM jobs and of their willingness to learn 

about job opportunities reveals stark regional differences. Pupils in the Northern and 

Western parts of Europe demonstrate the lowest levels of interest in STEM careers, 

while pupils in the Southern region and in the EU-partner countries show the highest 

Strand 2 Learning science: Cognitive, affective and social aspects

397



level of enthusiasm (Figure 3). The situation in the North is exacerbated by a huge 

gender gap: only 28% of girls in Northern Europe would like a job related to science 

and technology, which is slightly more than a half of Northern European boys who 

say they want a STEM career (51%). On the other hand, in Turkey and Israel the 

share of pupils with positive attitudes to jobs look healthy for both genders (60% for 

girls and 70% for boys).  

 
Figure 3. Pupils’ interest in getting a job related to science or technology 

When pupils are queried on their attitude to learning about STEM-related jobs, more 

pupils and especially more girls, say they like receiving information about careers 

(Figure 4). In Northern Europe the percentage of girls who want to learn about STEM 

jobs is almost double the share of girls who are already interested in such a career. 

Overall, the data in Figures 3 and 4 is indicative of a serious problem with the quality 

of career information and a lack of career advice in some schools across Europe. 

 
Figure 4. Interest in learning about jobs in industry, science and technology. 

5. What helps to foster STEM career choices? 

In this study we also examined the relationship between variables that describe pupils’ 

attitudes and views and tried to determine factors most helpful in explaining pupils’ 

positive dispositions to STEM careers. The first connection to explore was to look at 

the obvious link between career inclinations and a general interest in STEM subjects. 

Indeed, cross-tabulation of these questions shows that interest in the subject has a 
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strong association with interest in STEM careers: 92% of pupils who would like a 

STEM job also say they are interested in STEM topics (Table 6). 

However, the data also unambiguously shows that having an interest in STEM topics 

is not enough for generating a career interest. In the cohort of pupils with no interest 

in STEM jobs, almost half of them (and this number is 58% for boys) nevertheless 

assert their interest in science and technology matters. Moreover, only six out of ten 

girls with general interest in science and technology would also view positively a 

prospective job in this sector.  

Table 6 

Cross-tabulation of interest in STEM careers and interest in a job related to STEM 

 

While interest in STEM is the biggest predictor of job choices, it is a necessary but 

not sufficient condition for selecting a STEM-related job. As was shown earlier, the 

data obtained from the analysis of individual questions related to STEM jobs (i.e. “I’d 

like a job…” and “I like learning about jobs”) points to the likely role of school 

experiences and classroom practices in shaping personal dispositions on STEM 

careers. To test this relationship further, we cross-tabulated responses to the following 

statements:  

- At school I learn about different career choices available in industry, science 

and technology 

- I would like to get a job related to science and technology  

The results presented in Table 7 show that adding the element of career learning to 

school STEM education could lead to a 20 or more percent increase in the number of 

pupils positively considering a career in STEM.  

Table 7 

Cross-tabulation of interest in learning about career choices and interest in getting a 

job related to science or technology 
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This relationship is equally strong for boys and girls and particularly visible when we 

look at the extreme ends of the answer spectrum. For instance, in the cohort of girls 

who ‘strongly agree’ with the statement that they learn about STEM carers in school,  

72% say that want such a job for themselves, while  in the cohort of girls who 

‘strongly disagree’ with the same statement, the relationship is reversed with just  

33% of girls wanting a career in STEM.  

Overall, classroom practices that contextualise information on STEM jobs prove to be 

beneficial to all pupils. For those who like science and technology but have not yet 

decided what career to choose, information about jobs helps to relate their theoretical 

knowledge to their own experience and may sway their career choice towards STEM.  

The feedback collected from participating teachers supports this finding (Figure 5). In 

addition, there is some anecdotal evidence that when done properly (e.g. by bringing 

motivational role models) career information and advice can themselves generate or 

boost interest in the subject and improve pupils’ attainment and progress.  

 

Figure 5. Teachers' feedback on the impact on students 

CONCLUSIONS AND IMPLICATIONS 

Career choice is a complex phenomenon, where multiple personal, cultural and socio-

economic factors interplay (Cleaves 2005) and no single answer could be found to 

reverse a declining trend. Some of these factors, like family cultural and socio-

economic background captured in the notion of ‘social capital’, are very important, 

but not easily changeable. On the other hand, school experience, the way science is 

taught in classroom and beyond could make a difference across social boundaries and 

is a factor that could be improved more rapidly. Our research shows that just making 

science lessons interesting or informing pupils about social significance of STEM is 

not enough to sway young people towards STEM careers. While a majority of pupils 

see science lessons as ‘fun’ and agree that STEM is very important for society and 

useful qualifications to have, many, especially girls, do not identify with STEM 

careers. On the other side, when information about the modern state of STEM jobs 

and real life applications is blended in with STEM education in a meaningful way for 

young people, it can trigger important changes in career choices. The direct contact 

between pupils and industry fostered by such projects as inGenious goes along these 

exact lines.  

Strand 2 Learning science: Cognitive, affective and social aspects

400



ACKNOWLEDGEMENTS 

The authors would like to thank Professor Mary Ratcliffe for her help and support. 

ECB has been funded with support from the European Commission under Seventh 

Framework Programme (FP7), Grant agreement no: 266622. This publication reflects 

the views only of the authors. The Commission cannot be held responsible for any use 

which may be made of the information contained therein. 

REFERENCES 

Archer, L., DeWitt, J., Osborne, J., Dillon, J., Willis, B., & Wong, B. (2012). ‘Doing 

‘science vs. ‘being’ a scientist. Science Education, 94(4), 617-639. 

Archer, L., DeWitt, J., Osborne, J., Dillon, J., Willis, B., & Wong, B.  (2012). Science 

Aspirations, Capital, and Family Habitus: How Families Shape Children’s 

Engagement and Identification with Science. American Educational Research 

Journal, 49(5), 881-908. 

ASPIRES (2013). Project Final Report: Young people’s science and career 

aspirations, age 10 –14. King’s College London.  

Cleaves, A. (2005). The formation of science choices in secondary school, 

International Journal of Science Education, 27(4), 471-486. 

ERT (2009), Mathematics, Science &Technology Education Report, The Case for a 

European Coordinating Body. European Roundtable of Industrialists (ERT). 

Accessed from http://www.ert.eu/sites/default/files/MST%20Report%20FINAL.pdf  

Eurobarometer (2008). Young people and science, Analytical report, Flash 

Eurobarometer 239, Bruxelles 

Jenkins, E. & Nelson, N.W. (2005). ‘Important but not for me: Students attitudes 

toward secondary school science in England’. Research in Science & 

Technological Education, 23(1), 41–57 

Rohaan E J., Taconis R. & Jochems W. (2010). ‘Reviewing the relations between 

teachers’ knowledge and pupils’ attitude in the field of primary technology 

education’, International Journal of Technology and Design Education, 20, 15–

26 

Sjøberg, S & Schreiner, C. (2010) The ROSE project. An overview and key findings. 

Accessed from http://roseproject.no/network/countries/norway/eng/nor-Sjoberg-

Schreiner-overview-2010.pdf  

Strand 2 Learning science: Cognitive, affective and social aspects

401

http://www.ert.eu/sites/default/files/MST%20Report%20FINAL.pdf
http://roseproject.no/network/countries/norway/eng/nor-Sjoberg-Schreiner-overview-2010.pdf
http://roseproject.no/network/countries/norway/eng/nor-Sjoberg-Schreiner-overview-2010.pdf


 

TRAINING TEACHERS TO PROMOTE TALENT 
DEVELOPMENT IN SCIENCE STUDENTS 
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Abstract: In recent years, the interest of governments and schools in challenging 
gifted and talented (G+T) science students has grown (Taber, 2007). In the 
Netherlands, the government promotes developing science programmes for talented 
secondary science students.  This causes a need for training teachers, but what should 
an effective professional development programme about promoting talent 
development look like? 

Junior College Utrecht (JCU), a cooperation of Utrecht University and 28 secondary 
schools (van der Valk & Pilot, 2012), has developed such a course in a design-based 
research. It is based on important objectives for promoting excellence in science 
education, including the key components of honours teaching approaches 
(Wolfensberger, 2012) and on characteristics of effective professional development 
programmes (pdp). The course was implemented and evaluated in two phases. The 
first phase resulted in a scenario for dissemination. During the second phase, the pdp 
was implemented in two institutions.  

The effectiveness of the pdp was investigated using a questionnaire that was 
conducted at the end of the course. The main criteria for effectiveness were (1) the 
participants’ appreciation of the course and (2) having attained the pdp objectives as 
well as the participants’ personal objectives. Moreover, being a learning teacher was 
investigated as being a factor that promotes the effectiveness of the pdp. 

Results showed that the pdp was effective in reaching its objectives and in the 
participants’ personal objectives. The more teachers considered themselves to be a 
learning teacher, the more they had learned an appreciated the professional 
development programme.  

Keywords: gifted and talented students; science teachers; professionalization; 
excellence. 

 

INTRODUCTION 
In nearly all secondary science classes, there are students that are willing and able to 
handle greater challenges than the standard school curriculum and teaching can offer 
them. In the last decades, increasing efforts have been made to promote talent 
development and excellence in education at primary, secondary and tertiary level 
(Heller, Mönks, Sternberg & Subotnik, 2002). However, many schools and teachers 
are not very well equipped to meet the needs of these students. As a result students 
may get bored and unmotivated for learning e.g. science. Because of an impending 
shortage of well-educated science workers, talent promotion is needed in science 
education in particular (Taber, 2007). In this, the teacher is the key stakeholder. Since 
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promoting talent development is hardly included in the initial teacher education 
programmes, there is a need for professionalization of in-service teachers.  

In recent years, interest of governments and schools in challenging the most talented 
students has grown. In the Netherlands, schools and universities are stimulated to pay 
more attention to talented students. Since 2004, Utrecht University (UU) cooperates 
with 28 secondary schools in the field of talent development in science students: 
Junior College Utrecht (JCU). JCU has a student as well as a teacher programme. In 
the student programme, selected students follow a science programme on the UU-
campus, two days a week. Since 2011, JCU partner schools started programmes for 
talented science students in the schools as well. This raised a need to train their 
science teachers. This is also part of the JCU-teacher programme. The goal of this 
study is to design and investigate a professional development programme (pdp) that 
effectively prepares science teachers for to promote talent development in their 
classes and schools. 

Theoretical Framework 
Wolfensberger (2012) identified key components of honours teachers and of honours 
teaching approaches in tertiary education. She identified three main aspects of 
university honours teachers’ dispositions, attitudes and beliefs: (1) their conceptions 
of teaching; (2) their motivation; (3) their perception of honours students. She also 
formulated three  key components of honours teaching approaches: (1) creating 
community; (2) enhancing academic competence and (3) offering freedom. Studying 
effective learning for gifted and talented upper secondary science students, Van der 
Valk and Pilot, (2012) identified seven ‘characteristics of a learning environment 
adapted to talent development’. 

The general aspects of an effective professional development course (pdp) for 
teachers are: focus on (pedagogical) content knowledge, active and inquisitive 
learning, exchange of ideas with colleagues; concrete examples based on good 
practices, connected with school policy, a ‘learning school’ culture (van Veen et al. 
2010; Loucks-Horsley, 1999). Developing this culture is promoted when the course 
members form a community of practice (Wenger 1998), e.g. by exchanging 
experiences.  For implementing theory into practice,  the congruence principle 
(Korthagen et al. 2001) says that teacher educators should treat teachers in the same 
ways they expect teachers to treat their students (’practise what you preach’).  

De Jong et al. (1998) found that an effective pdp for science teachers should provide 
strong relations between course activities and teaching activities, meaning, among 
others, providing practical examples from science classes.  

Design-based research to the pdp 
Based on this theoretical framework, a science teacher professional development 
programme was designed. The content of the pdp included topics like ‘what is 
excellence’, ‘how to recognize gifted and talented (G+T) science students’, how to 
implement the key components of honours education (Wolfensberger 2012) in science 
classrooms?’ Also, many practical topics were addressed, like starting talent 
development trajectories in the school, involving colleagues and motivating the 
talented students. Moreover, concrete examples of differentiation in science classes 
were discussed. Following the congruence principle, the key components of G+T 
teaching approaches were not only part of the pdp learning goals, but were also 
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present in the pdp pedagogy itself. The pdp demanded 120 hours of work for 
participants and was taught by experienced teacher educators/ course developers. All 
participants were volunteers, and supported by their schools. Course members were 
asked to read literature, test ideas they learned during the course and report about 
experiences. 

The pdp was taught the first time in 2011/12 to a group of 25 science teachers from 
the JCU school network (the U2012 group). The meetings were observed and 
evaluated and a final evaluation was carried out. Reflection on the experiences 
resulted in a scenario for dissemination. In the 2013/2013 course, the pdp was taught 
in two different institutions: Utrecht University (group U2013) and Eindhoven 
Technical University (group E2013).  

The research questions of this study were: What is the effectiveness of this 
professional development course?  What factors can influence its effectiveness? 

Methods 

Multiple methods were used, qualitative as well as quantitative. During the course 
observations were made by an independent observer. Written reports of experiences 
from the school and the classrooms were analysed. Here, we report the results of the 
questionnaire that was administered at the end of the course.  

Instrument construction: questionnaire 

The questionnaire focused on the participants’ perception of the pdp, on attaining the 
pdp objectives as the main variables for effectiveness of the pdp and on being a 
learning teacher as a factor that might influence the effectiveness of the pdp. The 
perception variables were: appreciation, instructiveness and grading. The objectives 
attained variables were ‘ (1) pdp objectives attained; (2) honours teaching 
approaches; (3) pdp activities done at school. 

In Section 1 (‘about you’), personal data of the course participants were asked, such 
as gender, the subjects they taught in school and the number of years of experience in 
teaching.  

Section 2 (‘Course objectives’) consisted of three parts: (2.1) nine 5-point Likert scale 
questions about pdp objectives attained; (2.2) three 5-point Likert scale items on 
instructiveness; (2.3) two open items, one about unexpected objectives attained; the 
final part was about personal objectives that were not attained. Examples of items 
from each part are shown in Figure 1. 

Part 2.1: pdp objectives attained  

At the end of the course, I know different ways 
to realise differentiated education in my school.     Not 1    2    3    4    5 fully attained 
 
Part 2.2: instructiveness 
To what extent has your knowledge about talent  
development increased by this course? Hardly  1    2    3    4    5 to a high degree 

Part 2.3: open answer questions on objectives (not) attained: 

Which of your own objectives was not attained? 
………………………………………………………………. 

Figure 1: Example items from section 2 
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By the part 2.1 items on pdp objectives attained, the respondents were asked to 
indicate to what extent (1 = not at all; 5 = completely) they have attained the main 
objectives of the pdp, in their own perception (construct ‘objectives attained’). 
Objectives mentioned in the items were, among others: developing a vision on 
promoting excellence in the school; knowing the characteristics of a talent 
development adapted learning environment (Van der Valk & Pilot, 2012) and being 
able to advise colleagues and principals about promoting excellence. 

Part 2.2 consists of three likert items of the same kind as in part 2.1, on 
instructiveness. The respondents were asked to indicate to what extent they have 
learned from the course. 

By the open items of part 2.3, the respondents were invited to mention objectives 
attained, that they did not expect beforehand, as well as personal objectives that were 
not attained. 

Section 3 (‘the pdp in general’) consists of three parts. Part 3.1 consists of one 
question: to give the course a grade on a 1 (very poor) to 10 scale (excellent). This 
kind of grading is common in Dutch education for tests. Part 3.2 consists of ten 5-
point Likert scale items on appreciation of the course (‘appreciation’). See Figure 2 
for an example item. Part 3.3 consisted of an open question, asking for ‘three things 
you will implement at school, related to this course’.  

Part 3.2  

I found the course not challenging at all 1   2   3   4   5  very much challenging 

Figure 2: Example item from section 3, part 3.2 

Section 4 (‘teaching your talented students’) was added to the 2013 questionnaire. It 
consists of two parts. See Figure 3 for example items. By part 4.1 the honours 
teaching approaches (Wolfensberger, 2012) were operationalized. Each component 
(community of learners; academic competencies; structured freedom) was measured 
by five sets of two items. Each set consists of a statement about which the participant 
is asked to tick the importance and the mastering. These items are borrowed from 
Kazemier (2013) and adapted to the secondary school context. The ten items of part 
4.2 are on ‘the learning teacher’. They are also borrowed from Kazemier and have the 
same structure as the part 4.1 questions. 

Part 4.1: honours teaching approaches 

I give my talented students room for choices about content and approach 
Importance   very low 1  2  3  4  5 very high 
Mastering  very low 1  2  3  4  5 very high 
Part 4.2: the learning teacher 

I use feedback and ideas from students and colleagues for my own development 
Importance   very low 1  2  3  4  5 very high 
Mastering  very low 1  2  3  4  5 very high 

Figure 3: Example items from section 4 

Data collection and response 

The questionnaire was administered electronically at the end of the last pdp meeting. 
It was completed by the U2012 (questionnaire version without part 4), the U2013 and 
the E2013 participants. The teachers of the U2012 and U2013 groups were the 
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designers of the course from Utrecht University. The teachers of the E2013 group 
were experienced science teacher educators from Eindhoven Technical University. 
Table 1 shows that the responses to the questionnaire were quite high.  

Table 1 
The responses to the questionnaire 
 U2012 

course 
U2013 
course 

E2013 
course 

total 

completed questionnaires 17 18 14 49 
number of course participants 25 19 18 62 
response  68% 95% 78% 79% 

There were 59% male respondents; 41% female. All taught science or mathematics in 
secondary school and were interested in excellence and developing the science talents 
of their able students. Most participants had more than 5 years of experience with 
science teaching (see Table 2). There were no main differences between the three  
groups in gender, subjects taught or years of experience. 

Table 2  
Years of experience as a science teacher 
N=49  number  % 
0 – 2 years 2 4 
3 – 5 years 5 10
5 – 10 years 13 26 
> 10 years 29 59 
 

Processing the data 

In Table 3, the reliabilities of the constructs are presented. It shows that the scales and 
sub-scales had sufficient to good reliabilities. 

Table 3 
Reliability of scales 
scale N number of items Cronbach’s  α 
objectives attained 49 9 .69 
instructiveness 49 3 .64 
appreciation  49 13 .87 
honours teaching approaches 
      a. importance 
      b. mastering 

32 
 

30 
15 
15 

.80 

.82 

.76 
the learning teacher 
      a. importance 
      b. mastering 

49 
 

10 
5 
5

.84 

.78 

.75 

Confirmative factor analysis of ‘honours teaching approaches’ did not produce the 
three expected components of ‘honours teaching approaches’ (‘structured freedom’, 
‘academic competences’ and ‘community of learners’). An explorative factor analysis 
did not result in meaningful constructs.  

The quantitative data were processed using SPSS. Mean values and standard 
deviations were computed. Paired t-tests, independent t-tests and Pearson correlations 
between scales were computed. 

In the answers to the part 2.2 open questions, the number of different ‘additional 
objectives attained’ and of the ‘personal objectives not attained’ were counted. The 
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answers to the part 3.3  open question were categorised in four categories of activities 
(see Figure 4 for an example): 
1. focus on talented or excellent students 
2. cooperating with or empowering (science/mathematics)  colleagues 
3. planning or carrying out activities, learnt in the course, in the classroom 
4. (contacting the school management about) programmes for talented students on 
school level. 

To each category, a number was attributed being zero if the category was empty and 
being 1 if the category was filled with one of more activities. So, the variable 
‘activities at school’ was constructed, having a integer value between 0 and 4 and 
consisting of the ‘activity’ components ‘talent development’, ‘classroom’, 
‘colleagues’ and ‘principals’. 

Participant answer: I have contributed to a programme for excellent grade-9 students. I gave 
them more differentiated tasks. 
Categorisation: 
Category 1: excellent students 
Category 3: differentiated tasks 

Figure 4. An example of categorisation of a part 4.4 open answer 

The categorisation was done by two raters independent from each other. The interrater 
reliability was calculated by dividing the number of differently categorised (parts of) 
statements by the total number of statements categorised.  The results show that the 
interrater reliabilities were fairly good (Table 4).  

Table 4 
Interrater reliability 
open question from 
questionnaire 

topic value number of 
statements 

section 2, part 3a additional objectives attained .87 82 
section 2, part 3b personal objectives not attained .89 46 
section 4, part 4 quality of activities at school .80 119 

After the independent categorisation, the raters met and discussed the categorisation 
of the answers they disagreed upon, until agreement. The values agreed upon were 
added to the database. 

 

Results 

Pdp perception variables 

Participants’ perception of the professional development programme (pdp) were 
measured by the scales ‘appreciation’, instructiveness’ and by the ‘grading’ the 
participants gave to the pdp. Results are shown in Table 5.  

Table 5 
Mean scores of pdp perception variables 
 range N Mean SD 
appreciation 1 – 5 49 3.91 0.49 
instructiveness 1 – 5 49 4.01 0.54 
grading 1 - 10 49 7.90 0.85 
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The variables appreciation, instructiveness and grading highly correlated (see Table 
6). This shows that all three contributed to a similar perception of the pdp, that we 
interpret as the feelings towards the pdp.  

Table 6 
Correlation between pdp perception variables 

 
 
 
 

** significant on level p<.01 
 
It is concluded that participants feelings about the pdp were positive. 

Objectives attained 

In Table 7 the results of the quantitative data are listed.  
Table 7 
Results ‘objectives obtained’ 
Scale N M SD 
Pdp objectives attained 49 3.97 .43
 honours teaching approaches 32 3.96 .28 
          Importance teaching approaches 32 4.23 .38 
          Mastering teaching approaches 32 3.69 .35 
 

Table 7 shows that the participants found that they had attained the pdp objectives to a 
considerable degree. Table 7 also shows that the U2013 and E2013 groups found the 
honours teaching approaches very important and that they felt they mastered these 
approaches to an intermediate extend. The mean score for the Importance component 
is significantly higher (t(32) = 6.40, p<.001) than the Mastering component, with a 
big effect (r = 0.75). The analysis of the qualitative data showed that the participants 
named quite some objectives (M = 1.59) they had attained additional to the pdp 
objectives, e.g. I gave advises to my colleagues and my principal. The respondents 
named quite  some ‘activities at school’ they implemented as a result of the pdp. The 
mean value of the variable activities at school was 2.43. Table 8 shown the 
distribution among the four categories.  

Table 8 
Activities at school 
Categories M 
Talent development .84 
Classroom .78 
Colleagues .57 
Principals .24 
 

‘Honours teaching approaches’ correlates moderately with ‘objectives attained’ (r(32) 
= .356, p<.05). The variable ‘activities at school’ show a moderate correlation with 
mastering honours teaching approaches (p = .353*). Surprisingly, the importance and 
mastering honours teaching approaches components do not correlate with each other. 
So the ‘objectives attained’ variables show only a few correlations. 

 Grading Appreciation 
Appreciation .961**  
Instructiveness .731** .672**
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The variable ‘pdp objectives attained’ correlated rather strongly with the pdp 
perception variables ‘appreciation’ (.556**), ‘instructiveness’ (.542**) and ‘grading’ 
(.413**), suggesting that appreciating the pdp is connected to attaining the pdp 
objectives. 

It is concluded that the respondents found that the pdp objectives, their personal 
objectives and the honours teaching approaches objectives were attained to a large 
extent. 

The learning teacher 

The values for the learning teacher are given in Table 9. This shows that the 
respondents found being a learning teacher very important and that they mastered it to 
a large extent. However, the mean score for importance is higher (t(32) = 5.86, p < 
.001) than the score for mastering, which is a big effect (r = 0.72). Importance and 
mastering correlate significantly (r(32)=.660; p=.000).  
Table 9 
Results ‘the learning teacher’ 
Scale N M SD 
 The learning teacher 32 4.21 .42 
        Importance  32 4.40 .43 
        Mastering 32 4.01 .48 
 

 ‘Mastering learning teacher’ correlated with ‘objectives attained’, r(32)=.361, p<.05. 
Furthermore, ‘importance learning teacher’ correlates strongly with ‘importance 
honours teaching approaches’ ( r(32)=.643, p=.000). ‘Mastering learning teacher’ 
correlates rather strongly with ‘mastering honours teaching approaches’, (r(32)=.471, 
p<.01).  

It is concluded that the respondents found being a learning teacher very important 
and, coheringy, considered themselves being a learning teacher. Correlations suggest 
that considering oneself as a learning teacher is connected with mastering honours 
teaching approaches and attaining pdp objectives. 

 

Conclusions and implications 
The pdp on promoting excellence in science education was effective in being 
appreciated by the participants and in attaining its objectives as well as participants’ 
personal objectives. A main aspect was the use of good practices, in particular 
exchanging the good practices that already were present in the schools. This seems to 
foster the mastering of honours teaching approaches. The correlations between 
‘learning teacher’ and ‘objectives attained’ suggest that the pdp is in particular 
effective to participants who regard themselves as a learning teacher. Moreover, the 
optimal participant for the pdp is a teacher from a school that is currently organizing 
or that has already organized a talent development programme in the school. 

We conclude that the pdp is good enough and that no redesign is needed. 
Nevertheless, participants suggest some points of attention, such as ‘keep close to the 
teaching practice in the schools and show as many concrete good practices of 
promoting excellence in science classes as possible. 

Strand 2 Learning science: Cognitive, affective and social aspects

409



As the participants appreciated being a member of a community during the pdp, some 
additional characteristics of ‘effective pdp’ (Van Veen, 2011) can be: bring like-
minded teachers, sharing the similar aims, from different schools together in a pdp. If 
good practices can be borrowed from these schools, an emotional bond with these 
promotes applying it in the own classrooms. 

It is recommended to investigate the results of the pdp for school and classroom 
practice: does promoting excellence in science work for the students and what does 
this mean for the development of talented students? First steps in implementing the 
pdp nationwide in the Netherlands have been made and more are to follow. Probably, 
the implementation can also be done on a European scale. 

 

Thanks to: Platform Science and Technology for the grant to develop the professional 
development programme; to Miek Scheffers and Elise Quant for giving us the data from the 
E2013 pdp; to Jurg van der Vlies for processing the data with SPSS. 
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LEARNERS’ BELIEFS & CONCEPTIONS ABOUT THE 
ROLE OF MATHEMATICS IN PHYSICS 
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University of Potsdam, Germany 
 
Abstract: Mathematics is an essential part of what we call physics. It plays an important 
role in physics research as well as in learning physics. It can be a useful tool or a barrier 
too high to overcome for some of our students. Only recently this aspect of learning 
physics has been given more attention. The study presented here makes a contribution to 
this field of research by providing a first view on students’ conceptions about the role of 
mathematics in (learning) physics. These beliefs are functioning as filters for perception 
and processing and therefore have an important impact on our students’ learning processes. 
To know about students’ conceptions can inspire teachers to create more adequate learning 
environments for our students and help them to be more efficient. German learners grade 
10 and 12 as well as physics teacher students in their 4th semester have been surveyed. 
Quantitative methods have been applied – structural equation modeling (sem) to ensure 
one-dimensional measures as well as measurement invariance across groups and a general 
linear model approach (glm) to test for within-subjects effects (distal vs. proximal beliefs 
and graphical vs. algebraic representations), between-subjects effects (group, achievement, 
sex) and interaction effects. The results encourage further in depth research. 
 
Keywords: mathematics, physics, beliefs, empirical study, representation 
 
 
BACKGROUND, FRAMEWORK, PURPOSE 
Mathematics plays an important role in doing and learning physics. There are studies and 
publications dealing with philosophical aspects, attempts to model math use in physics and 
studies focusing on the learners’ perspective in terms off attitudes and conceptions towards 
mathematics or science (see Krey 2012 for a review). 

The motivation for research on students’ prior knowledge, attitudes etc. is, that all of these 
intuitive theories influence the learners’ way in which things are perceived, information is 
processed, and new things are learnt (eg. Pehkonen & Törner, 1996; Köller et al., 2000 or 
for teachers’ beliefs Pajares, 1992). This instrumental reason for studying beliefs is 
complemented by a substantial one – namely, these beliefs are core components of what 
we call mathematical or scientific literacy, e.g., the relevance of nos-knowledge, which 
should include conceptions about the role of mathematics for scientific (e.g., physics) 
research and science (e.g., physics) learning.  

While there are a few philosophical approaches towards exploring the role of mathematics 
in physics, there is a lack of empirical findings about students beliefs in this field, although 
there are first attempts to close this gap (eg. Bing, 2008; Krey, 2012). While a few 
interviews have been conducted within the scope of this study, its main focus lies on 
developing an instrument with which a quantitative approach becomes possible.  

Research on the nature of science as well as common sense, suggest, that it is necessary to 
distinguish between proximal and distal beliefs (Hogan, 2000, 52): “Distal knowledge of 
the nature of science refers to students’ knowledge about [...] the professional scientific 
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community. Proximal knowledge of the nature of science refers to students’ understanding 
of and perspectives on the nature of their own science knowledge-building practices and 
the scientific knowledge they form or encounter.“  

Based on first interviews conducted with grade 10 students, I assumed that in general it 
would make a difference whether students are confronted with mathematical 
representations in graphical or algebraic form. When I use the term “graphical 
representation” I am referring to a graph in a coordinate system (see Friel, Curcio, & 
Bright, 2001 for an overview), while “algebraic representation” refers to equations that 
need to be constructed and interpreted when learning physics (Sherin, 2001). 

The purpose of this research project was to collect data that help to describe the learners 
belief system about the role of mathematics in physics. A complete description of an 
individual learners’ belief system was not intended. For this purpose a few fields of interest 
have been nominated and operationalized. These fields include the students’ self-feeling 
when dealing with mathematical representations (sf), their beliefs about aesthetics of 
mathematical representations (aest) epistemological aspects and their beliefs concerning 
relatively non-controversial functions that mathematics fulfils in physics (e.g. Fischer, 
2006; Frey 1967). This includes beliefs about: 

• cognitive load relief through external mathematical representation (clr), 

• perceived increase of overall exactness/precision by using mathematical 
representations and quantitative relations (ex), 

• narrowly defined concepts as a source for exactness that comes with the use of 
mathematics (ex-con), 

• the influence of the use of mathematics on communication (comm) in general and 
communication efficiency (commeff) in particular, 

• effects on objectivity (o) when using mathematics, 

• provability of physics equations (epi-proof), 

• the role of equations in the process of acquiring physics knowledge (epi-kno_ac), 

• the stability over time of physical knowledge that can be expressed in an equation 
(epi-time), 

• a naive realistic view of equations (1:1 mapping between reality and equation) (epi-
map). 

 

METHODS 
Based on interviews with students grade 10 a quantitative study was conducted using a 
newly developed questionnaire to gather data from students in grade 10 (aged 16 years, 
n=287), grade 12 (aged 18 years, n=195) and physics teacher students (4th semester, 
n=137). All mentioned constructs have been operationalized into 5-level (-2 to 2) Likert 
scales that have been piloted (n=344, grade 10 students). Results of this pilot study can be 
found in Krey & Mikelskis 2010.  

It was attempted to build scales for graphical/diagrammatic (D) as well as 
algebraic/formulae (F) representations and when ever possible to distinguish between 
proximal (p) and distal (d) beliefs. All scales have been examined by means of a 
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confirmatory factor analysis (cfa). Constructs have been accepted if the following criteria 
were met for all groups individually: χ2/df<3.0, RMSEA<0.08, CFI>0.90, factor loadings 
λ>0.6 and αCronbach>0.6. A multi-group analyses based on the structural equation modeling 
(sem) methodology was used to test for measurement invariance, using a nested modell 
approach. A more restricted model was accepted if Δχ2/Δdf<3.0, ΔRMSEA<0.015, 
ΔCFI<0.010. Finally a knowledge test asking students to translate real-life scenarios into 
algebraic or graphical representations (translation test, inspired by Laws & Thornton 
(1993), see figure 2) was used in combination with physics marks to assign a value for 
achievement. A general linear model (glm) approach was used to test for within-subjects 
effects (mode of representation (D vs. F), belief dimension (p vs. d)), between-subjects 
effects (sex, group, achievement) and interaction effects at the same time. 

 

Examples of items used in a 5-level Likert scale 

• It gives me pleasure to deal with physics formulas/diagrams. (sf-F/D-1) 

• Diagrams/Formulas in physics reflect the beauty of nature. (aest-D/F-1) 

• Physical formulas/diagrams are helpful for me when dealing with abstract physical 
concepts. (clr-F/D-3) 

• Formulas in physics are always more reliable than words. (ex-3) 

• In physics you can use maths only after precisely defining the concepts involved. 
(ex-con-1) 

• For physicists/me it is easier to explain a physical concept when they can use a 
diagram/formulae. (comm-D/F-d/p-1) 

• Fpr physicists/me diagrams/formulaes help to save time when talking to others 
about a problem in physics. (commeff-D/F-d/p-5) 

• Diagrams/ Formulas help to be more objective in physics. (o-D/F-4) 

• Equations in physics are proven by means of experiments. (epi-proof-1) 

• Physicists gain knowledge mainly through equations. (epi-kno_ac-4) 

• Physics Equations that are correct today will also be true in 100 years from now. 
(epi-time-3) 

• In physics equations describe how nature really is. (epi-map-4) 

Figure 1. Examples of items used in the study. 

RESEARCH QUESTIONS 
With these instruments at hand the following specific questions were addressed: 

• Can proximal and distal constructs be distinguished empirically? 

• Are beliefs about mathematics sensitive to the kind of mathematical representation 
associated (algebraic vs. graphical)?  

• Do the factors group, gender, age and achievement have an impact on the measured 
belief values?  
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Task example: translation reality – graphs 

 

A toy car is used 
on a plane surface where it moves friction-
less. Distance is measured as seen in the 
picture.  

 
1. The car is pushed quickly and moves 
in the direction shown in the picture. 

s(t):__________  

v(t):__________  

a(t):__________  

 
Identify the graph that best describes the 
new processes/ situations.  

 

Example task: translation reality – equations 

 

A car goes from Manhattan to Brooklyn with 
constant velocity. At the beginning of our 
observation the driver accelerates the car 
steadily. This process is described by the 
following equation, in which v  indicates the 
velocity and t  the time, while k  and l  are 
real numbers (plus corresponding units): 

v(t) = k ⋅ t + l . 

How do k  and l  need to be changed if the 
equation shall describe the altered 
situations/processes? 

 

1. Everything remains the same, but the driver speeds up faster than in the reference 
description.  

k  

☐ absolute value increases 
☐ absolute value decreases 
☐ algebraic sign changes  
☐ becomes zero 
☐ remains the same 
☐ I don’t know. 

l  

☐ absolute value increases 
☐ absolute value decreases 
☐ algebraic sign changes  
☐ becomes zero 
☐ remains the same 
☐ I don’t know. 

 

Figure 2. Excerpts of the translation test. 
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RESULTS AND DISCUSSION 
Establishing scales for proximal and distal beliefs was not as successful as expected. 
Probably qualitative methods are better suited to detect this distinction. Although it was 
possible to confirm constructs on both dimensions (proximal and distal) via cfa, it was 
much more difficult or even impossible to separate these factors from another using jihjer 
order structural equation models. Therefore the distinction cannot be demonstrated by 
using the same items with minimal change (eg. replacing “physicist” by “me”) at least, 
more elaborated ways of operationalization seem to be necessary, if one is aiming for a 
statistical separation.  
Concerning the mode of representation stable constructs could be confirmed using cfa and 
more elaborated sem approaches. For all participants (main effects, **) or at least for 
subgroups (interaction effects, !!) it matters in average, whether graphical or algebraic 
representations are referred to when asking for beliefs about the role of mathematics in 
physics (figure 3).  

	  
Figure 3. Summary – graphical vs. algebraic representation. 

For distal communication efficiency such a difference was not found (non significant main 
effect fort he within-subject factor F (1; 324) = 2.580; p = 0.109), which seems to make 
sense, since students would not know a lot about communicational strategies of physicists. 
Effects have been found for the remaining (in general proximal) belief factors. Small 
simple main effects were found for proximal communication efficiency (F(1; 324) = 
16.419**; η2 = 0.048) and objectivity (F(1; 324) = 20.735**; η2 = 0.060). While it was 
expected that students prefer graphical representations for precise and fast communication 
over algebraic ones, I was surprised to see that the use of diagrams seems to be connected 
to objectivity more strongly than the use of equations, although one can assume that 
students would know about at least a few of the many ways in which diagrams can be 
manipulated. In the field of aesthetics a small interaction effect between the within-subject 
factor (mode of representation) and the between-subject factor (group) is found (F (2; 324) 
= 4.081*; η2 = 0.025). While pupils grade 10 and 12 do not differ in their aesthetic 
judgement between graphical and algebraic representations, students do consider equations 
more aesthetic than diagrams (F (1; 324) = 10.062**; η2 = 0.030).  

For all the remaining constructs interaction effects between mode of representation and 
achievement group were found (self feeling: F(1;121) = 19,439**; η2 = 0,138, cognitive 
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load relief: F(1;121) = 5,835*; η2 = 0,046, proximal communication: F (1; 121) = 5,813*; η2 
= 0,046). While low achieving students always prefer graphical representations, high 
achieving students do not have preference concerning cognitive load relief and 
communication, but have higher values on the self-feeling when working with equations 
scale (all effects are at least medium seized). These findings have at least two implications. 
First, on can assume that in order to provide adequate help to low-achieving students 
graphical representations are crucial. Second, on can assume that there is an inner 
connection between being able to switch between these modes of representation and 
achievement.  

Concerning between-subjects effects for sex it can be summarized that only minor 
interaction effects can be observed. It is safe to assume that male and female learners do 
not differ in their judgments concerning the role of mathematics in physics, independently 
of their age (figure 4). 

	  
Figure 4. Summary – male vs. female learners (!! – interaction effect). 

Furthermore, pupils grade 10 and 12 do not differ in their belief levels, which 
unexpectedly implies that two additional years of physics instruction do not effect 
students’ beliefs about the role of mathematics in physics. Teacher students seem to hold 
more adequate beliefs. One must keep in mind, that these teacher students only represent a 
selection of possibly above average interested and able former grade 12 pupils, who in turn 
are a selection of probably more interested and able former grade 10 students (physics is 
not compulsory after grade 10). 
The instruments at hand allowed to measure the intended constructs and it was shown as 
one of the main findings that students do distinguish between algebraic and graphical 
representations, that the latter are more attractive esp. to low achieving learners. While this 
research does open the door for further in depth studies and allows first assumptions about 
underlying principles, it is not suited to back up any kind of practical advice, which is in 
need of more elaborated research under varying conditions in order to be meaningful and 
valuable to teachers and learners. 

 
 

Strand 2 Learning science: Cognitive, affective and social aspects

416



REFERENCES 
Bing, T. J. (2008). An Epistemic Analysis of Upper Level Physics Students’ Use of 

Mathematics. University of Maryland. 

Fischer, R. (2006). Materialisierung und Organisation. Profil Verlag. 

Frey, G. (1967). Die Mathematisierung unserer Welt. W. Kohlhammer Verlag. 

Friel, S. N., Curcio, F. R., & Bright, G. W. (2001). Making Sense of Graphs: Critical 
Factors Influencing Comprehension and Instructional Implications. Journal for 
Research in Mathematics Education, 32(2), 124–158. 

Hogan, K. (2000). Exploring a Process View of Students’ Knowledge about the Nature of 
Science. Science Education, 84(1), 51–70. 

Krey, O. (2012). Zur Rolle der Mathematik in der Physik. Wissenschaftstheoretische 
Aspekte und Vorstellungen Physiklernender. Berlin: Logos Verlag. Retrieved from 
http://nbn-resolving.de/urn:nbn:de:kobv:517-opus-59412 

Krey, O., & Mikelskis, H. F. (2010). The role of mathematics in physics -- the students’ 
point of view. In G. Cakmakci & M. F. Tasar (Eds.), Contemporary Science 
Education Research: Learning and Assessment. A collection of papers presented at 
ESERA 2009 Conference (Vol. 4) (pp. 67–72). ESERA. 

Laws, P. W., & Thornton, R. K. (1993). FIPSE Interactive Physics Project (October 1989 - 
August 1993). Final Report. Dickinson College. 

Sherin, B. L. (2001). How Students Understand Physics Equations. Cognition and 
Instruction, 19(4), 479–541. 

Tuminaro, J. (2004). A Cognitive Framework for Analyzing and Describing Introductory 
Students’ Use and Understanding of Mathematics in Physics. University of Maryland. 

Uhden, O. (2012). Mathematisches Denken im Physikunterricht. Berlin: Logos Verlag. 

 
	  

Strand 2 Learning science: Cognitive, affective and social aspects

417



RESEARCH-BASED COHERENT SCIENCE TEACHING 

- ASSESSMENT - LEARNING TO THINK FOR GLOBAL 

SUSTAINABILITY 

 

Uri Zoller1, Ron Blonder2, Odilla E. Finlayson3, Franz Bogner4, Lieflaender Anne 

K.4, and Kaiser Florian G.5 
1 Faculty of Natural Sciences, University of Haifa–Oranim, Kiryat Tivon, Israel 
2 Department of Science Teaching, Weizmann Institute of Science, Rehovot, Israel 
3 School of Chemical Sciences, Dublin City University, Dublin, Ireland 
4 Centre of Math & Science Education, University of Bayreuth, Baireuth, Germany 
5 Otto von Guericke University, Magdeburg, Germany 

 

Abstract: Given the current striving for sustainability and the corresponding 

paradigms shift in science, technology, environment, perception, economy and 

policies; e.g., from unlimited growth- to sustainable development, correction- to 

prevention and passive consumption of goods, culture…and education - - to active 

participation for responsible social action, the corresponding paradigms shift, at all 

levels of science, STES/STEM environmental education as well as education at large, 

is unavoidable. A sound, meaningful and coherent science education for ensuring 

global sustainability requires a revolutionized change in the guiding philosophy, 

rationale, and models of our thinking, behavior, and action. The related science 

literacy for sustainability in the science-technology-environment-society-economy-

policy (STESEP) interfaces contexts, requires the cognitive capabilities of Question 

Asking, Problem Solving, Decision Making as well as other higher-order cognitive 

skills (HOCS), such as evaluative and system thinking (Fig. 1) in these contexts.  

Figure 1.  The guiding conceptual model of HOCS in the context of science education 

(Zoller & Levy Nahum, 2012). 

 

This, in turn, requires the development of students’ HOCS via research-based 

coherent interdisciplinary, generic and contextually bound teaching strategies, to be 

Higher-Order 
Cognitive Skills 

System Thinking Decision-Making 

Evaluative Thinking 

Problem Solving 

 

Question-Asking 

Transfer 

Critical Thinking 

Creative Thinking Moral Thinking [To be added] 
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followed by HOCS promoting LEARNING to THINK assessment methodologies. 

Evidenced by research, the development of students' cognitive thinking capabilities is 

attainable via in and out class- based application of HOCS-promoting teaching 

strategies and assessment methodologies. Meaningful science education for 

sustainability is envisioned as a teaching approach that is interdisciplinary, and 

promotes question asking critical/evaluative system thinking, problem solving, and 

decision-making, targeted at increasing students’ HOCS learning beyond the science 

disciplines, to be non-algorithmically applied in the reality within which we live in. 

Based on the HOCS conceptual model in science teaching, the development of 

students' question asking, problem solving-decision making behavior act - - is 

research-based shown to be attainable.  

Keywords: Science teaching, assessment, learning, 'Sustainability Thinking', Higher-

Order Cognitive Skills (HOCS); Question Asking, Problem Solving, Decision 

Making, Environmental Behavior, Citizenship. 

 

INTRODUCTION: BACKGROUND, PROBLEM; RATIONALE, 

CONCEPTUALIZATION, PURPOSE AND OBJECTIVES 

There is an ever-increasing gap between the reality of the 21ST society, which is based 

on science, technology, globally interacting infra-structures, economies; advanced, 

sophisticated penetrative and aggressive network systems, which keep enhancing the 

human capabilities, nationally and internationally and the response to this reality by 

diverse, multi-sectorial educational systems. Consequently, the students advance up 

the classes' ladder, based on their high scoring on disciplinary, algorithmic 

knowledge-centered exams and/or "standardized" tests and learning is assessed solely 

on their “grade achievement” in these tests/examinations, as the exclusive criteria. 

Given the current striving for sustainability and the corresponding paradigms shift in 

science, technology, R&D, environment perception, economy and policies, the in 

accord corresponding paradigms shift, at all levels of science, STES and 

environmental education is unavoidable. This means a shift, from the currently 

dominating lower-order cognitive skills (LOCS) algorithmic teaching-to-know, to 

HOCS-promoting learning-to-think, presented in Table 1 (Zoller & Scholz, 2004). 

A meaningful science/STES/STEM and environmental education, which will be 

responsive to, and having the chance of playing a leading role in the above processes, 

requires a revolutionized change in the guiding philosophy, rationale and models of 

our thinking, behavior and action, meaning ‘HOCS Literacy’ in the interdisciplinary 

S-T-E-S-E-P interfaces context (Zoller, 1993, 2012; Zoller & Tsaparlis, 1997). This 

requires a corresponding research-based paradigm shift from the traditional teaching 

to ‘know’-to-LEARNING to ‘THINK’ in the STESEP context in science 

education and EDUCATION AT LARGE. Yet, although science and technology are 

useful in establishing what we can do in providing us with the ability to generate new 

options, neither of them can tell us what we should do. In accord, the development, of 

competent ‘decision-makers’ in science education is significant in terms of (a) 

facilitating sensible and reasonable decisions in complex reality; (b) making society 

function productively at all levels, with minimal social friction; (c) enhancing the 

prospects of the survival of individuals and communities; and (d) educating people to 

understand and appreciate decisions of others. 
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Table 1 

Selected paradigms shifts in contemporary research and STESEP-oriented science 

education. 

From: To: 

• Technological, economical, and social 

growth at all cost… 

Sustainable development 

• Reductionism; i.e., dealing with in-vitro 

isolated, highly controlled, components 

Uncontrolled, in-vivo complex systems 

• Disciplinarity Problem-solving oriented, systemic inter-

/cross-/transdisciplinarity 

• Technological feasibility Economical-societal feasibility 

• Scientific inquiry (per se) Socially accountable, responsible and 

environmentally sound R&D 

• Algorithmic lower-order cognitive  

skills (LOCS) teaching 
“HOCS Learning” 

• “Reductionist” thinking System/lateral thinking 

• Disciplinary teaching (physics, 

chemistry, biology, etc.) 

Interdisciplinary teaching 

• Teacher-centered, authoritative, frontal 

instruction 

Student-centered, real world, 

project/research-oriented team learning 

 

PROMOTING QUESTION ASKING COGNITION IN THE 

"INQUIRY LABORATORY": A COMPARISON STUDY  

Questioning behavior plays an important role in educating future citizens to cope with 

real-world problems. Zoller (1987) stresses that question asking is an important 

component in the real world, which is involved in the HOCS of problem-solving and 

decision-making processes. As science educators, we would like future citizens to get 

beyond the related basic understanding of science, so that they can be actively 

involved in science related public decisions that affect them and society via achieving 

scientific literacy.  

Questions have a central place in scientific research, and asking questions cognition 

constitute an important component of it. Similarly, questioning behavior also has an 

important contribution beyond the period of school. Previous research showed that the 

inquiry chemistry laboratory program affects students’ HOCS including their 

questioning behavior (Blonder et al., 2008; Hofstein et al., 2005). This research 

questions were refined during the time of the research. 

Students' questioning, particularly at higher cognitive levels, beyond just knowledge, 

is also an essential aspect of problem solving. In learning science, students' questions 

have the potential of (1) direct their learning and facilitate knowledge construction; 

(2) foster discussion and debate, thereby enhancing the quality of classroom 

discourse; (3) helping self-evaluating and monitoring of understanding; and (4) 

increasing motivation and interest in a topic and beyond (Chin & Osborne, 2008).  

The main goal in this study was to determine how the Inquiry Chemistry Laboratories 

program that was implemented in Israel, affected the questioning behavior of 

sectorial-different students. 

The research was performed simultaneously in different educational sectors: Arabic, 
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Jewish (religious), and Jewish (secular) in the Israeli multi-sectorial education system 

in order to identify the students’ science related question-asking behavior. Both 

quantitative and qualitative methods have been used, thus enabling the identification 

of effects and helping their better understanding. The significance of this study is in 

its expected contribution to the increasing the effectiveness of formal chemistry 

education programs on students’ HOCS.  

Research  

Research Population: the sectorial groups investigated were: Arabic, Jewish 

(religious), and Jewish (secular), eight classes in each sector, total 24 classes. The 

students were in 11th and 12th grade when they responded to the pre and post 

questionnaires. 

Research Tools: we used both quantitative and qualitative methods: a laboratory 

"practical" test, based on a novel inquiry-type experiment, classroom observations 

during the laboratory, "practical" test and tests based on critical reading of modified 

scientific articles.  

Results  

The level of the questions that were posed by the students from the different sectorial 

groups was compared to the corresponding responses of the control groups. Regarding 

the assignment in which the students were asked to choose a question for further 

investigation, two different categorization schemes (1) Content of the question (QC) 

and (2) Question level based on Bloom's Taxonomy which were applied to examine 

differences between the control and the ‘inquiry group’ regarding the questions they 

chose for further investigation.  

Table 2 presents the χ2 statistics for all categories. The χ2 statistical analysis revealed 

a significant difference between the distributions of students on the questioning levels 

for the two groups (inquiry vs. control) for two different categorization schemes (1) 

QC and (2) Bloom. In the practical test, the inquiry group students asked higher-level 

questions than did the control group, in all the sectors in both category schemes. 

 

Table 2 

Comparison between the inquiry and control groups’ levels of questions in the 

different sectors. 

Sector CQ χ2 (p) Bloom χ2 (p) 

Arab 24.0 (<0.0001) 31.7 (<0.0001) 

Jewish 25.7 (<0.0001) 37.6 (<0.0001) 

Religious 14.3 (0.0002) 17.7 (0.0001) 

Secular 12.5 (0.0004) 20.5 (<0.0001) 

 

In both category schemes (CQ, Bloom) and for all the sectors, the inquiry group asked 

higher-level questions compared to the control group; the inquiry laboratory program 

elevated the level of students’ questions regardless of their sector. The content of their 

questions was on a higher level, and their questions were characterized as being on 

higher level according to Bloom’s taxonomy. 
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In the critical reading of an adapted article (Hofstein et al., 2005) there were 

differences between the pre and post levels of questions in the different sectors; only 

the Arab sector had a positive change in their questioning behavior regarding the level 

of the inquiry questions they posed; only the inquiry group in the Arab sector asked 

questions at a higher level and order during the critical reading of the adapted article.  

Summing up - examining the number of questions asked by the inquiry groups of the 

2 sectors revealed no significant differences (Dkeidek et al., 2011). Additional results 

of our study indicate that the gap between the Jewish and Arab students regarding 

their questioning ability is minor and inconsistent, suggesting that differences 

between chemistry teachers in these two sectors are diminishing as far as the HOCS 

skill of questions asking is concerned. 

 

PROBLEM SOLVING – MOVING STUDENTS TO TACKLE 

MORE OPEN ENDED PROBLEMS 

Background  

Problem solving skills have been identified as necessary and desirable skills for 

employment; however the development and assessment of these skills is somewhat 

sporadic across University courses.  To develop skills in problem solving, students 

must be presented with opportunities to develop these skills, i.e., be given problems 

that require higher-order cognitive skills rather than just algorithmic exercises.   

Many graduates from universities seek employment in industry or in academic 

institutions. Industry seeks creative, critical thinkers having ‘the ability to make 

decisions, solve problems and take action as appropriate’ (AMA, 2010). Nowadays, 

many universities state problem solving and critical thinking as part of their graduate 

attributes developed through third level education. Chemists, as industrialists, 

researchers or academics, are involved in problem solving regardless of their 

specialization within the field. However, there has been a lot of literature over the last 

20 years, on development of HOCS in the STES context, including problem solving 

in chemistry (Zoller & Tsaparlis, 1997; Zoller, 1993, 2012).   

But the questions remain as to whether problem-solving skills can be taught and, 

while they are valued concerning university graduates and professionals, are these 

skills being advanced and assessed within undergraduate programmes?  

To develop problem solving skills may be of a problem.  Hayes (1981) stated that 

‘whenever there is a gap between where you are now and where you want to be and 

you don’t know how to find your way across that gap, you have a problem’. “Problem 

solving is ‘what you do when you don’t know what to do’” (Wheatley, 1984). 

Johnstone (1993) discusses several different types of problems that can be presented 

to students, from the very ‘closed’ problem (Johnson’s Type 1) - algorithmic- where 

data is given, the method to solve the problem is familiar to the students and the 

outcomes are given, to more open problems (Johnson’s Type 8) where the problem 

provides incomplete data, requires unfamiliar methods to solve and outcomes are 

more open.  The former type of problem requires, mainly, recall of an algorithms for 

solving, while the latter requires a range of skills for responding.  Many of the 

problems that students are confronted with, at second and third level education, are 

based on Johnson’s Type 1 problem, requiring mainly factual recall, or recall of 

particular algorithms for solving. 
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In terms of thinking, Zoller & Pushkin (2007) distinguish between (i) lower-order 

thinking which is associated with activities such as rote memorization, regurgitation, 

recall of basic facts, and (ii) higher-order thinking which is associated with taking 

new information and combining it with existing knowledge for finding answers to 

perplexing situations; related to LOCS and HOCS, respectively (Zoller, 1993; 

Zoller& Tsaparlis, 1997; Zoller & Levy Nahum, 2012). Analysis of the final 

examinations in Chemistry at 2nd level (McCrudden, 2009) and of first year 

chemistry examinations in some UK, US and Australia universities (Bennett, 2004), 

found that Type 1 problems were used throughout, requiring lower-order thinking 

skills. Synthesis of information, analysis or evaluation was not in evidence in these 

studies. Zoller et al. (2002) clearly categorizes those questions, problems and/or exam 

items that require LOCS to solve as exercises, and problems that require HOCS to 

solve. Similar distinction was also made clearly by Bodner (2003). Students must be 

presented with problems that deal with unfamiliar situations and/or are open-ended, in 

order to develop their HOCS. 

Rationale and Purpose 

Within higher education, Zoller and Pushkin (2007) have identified the development 

of HOCS. i.e., ‘question-asking, critical thinking, system thinking, decision making 

and problem solving’ as crucial for development of chemistry graduates. It follows 

that teaching and assessment methods must focus on their development. As many 

students are entering university without these skills, there is a need to develop them 

from first freshman year. A recent study of first year university science students has 

shown, that the majority of the students are only at the early stages of formal 

operational thinking with many still within the concrete operational mode 

(McCormack, 2009). Therefore, the need to develop these skills early in their college 

and university studies.   

Method 

In an effort to develop HOCS in first year students, a range of problems became 

apparent, mainly multi-disciplinary in nature, requiring a deeper level of thinking for 

generating possible solutions to them. According to Bodner (2003), what makes a 

problem is a “subtle interaction between the task and the individual struggling to find 

an appropriate answer or solution”.  Therefore, in developing problems, attempts were 

made to place them in real-life contexts, be authentic, somewhat complex, or ill-

defined and relevant to everyday life.  

In this study, first year university science students were divided into groups of 4 (self 

chosen) and initially attended a workshop on effective group work.  Following this, 

the groups were presented with a series of problems from closed type (2/3 of 

Johnston) to more open to work on in their groups and then to present the group 

output in different formats, depending on the problem given. 

Problem Example and Related Findings 

An example of a problem is as follows: ‘Determine if the gas produced by a herd of 

cows is sufficient to provide for the energy needs of the typical family home’ (also the 

students were given a picture of a cow with a gas collecting bag attached). With 

respect to group work; e. g., sharing out the work evenly within the group, the 

students were required to clearly state the assumptions that they were making in 

working out their solution; e.g., what is a typical family home, how many cattle are in 

a herd as well as more scientific data handling; i. e., estimating the amount of gas 
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produced per animal, energy conversions etc.   

Reports from the 48 groups of students have been analyzed for the integrity of their 

reports and assumptions.  Many groups have struggled with the idea of making 

assumptions and - - are the assumptions ‘correct’. Also, as the groups determined 

different answers (varying from ‘not possible’, to ‘3 cows’ to ‘11.1 herds of 55 

cows’), depending on the assumptions made, students struggled with the idea of the 

absence of a singular ‘right’/‘correct’ answer. 

The groups of students varied, in respect to their starting points of solving the 

problem, using 3 different positions, namely: (a) Estimating the volume of the gas 

collection bag in the picture given and then (from that), estimating the moles of i. e., 

CH4 produced over a specified time (b) Searching of relevant literature, to determine 

the amount of CH4 produced from a cow (c) One group interviewed a local farmer for 

information on the quantity of methane produced. 

From the different starting points, general difficulties arose in most groups, - most of 

which were evident from teaching other aspects of chemistry, including incorrect 

inter-conversion of units, incorrect use of ideal gas equation, lack of proportional 

reasoning skills, and the lacking of understanding of the magnitude of values.  In 

general, the groups provided poor justifications for the assumptions that they made, 

either not explaining or critiquing relevancy, or using irrelevant assumptions. Only a 

minority of groups related their conclusions to the group members assumptions.   

In conclusion; during the first year of a University programme, is an ideal time to 

introduce students to new challenges requiring HOCS. Specific skills can be targeted 

through problems, such as detailed above. To foster skills development, detailed 

feedback to groups, by the teacher, is necessary including resubmissions of the 

students’ works.    

 

A DECISION MAKING (DM) CASE STUDY 

The purpose of this case study was to probe the contemporary levels of the DM 

capability of science students in Israel's higher education. Accordingly, the guiding 

research questions were: 1. What is the contemporary DM capability of science 

students in Israeli higher education? 2. What is the complexity level of the questions 

they ask within the DM development processes?  

Methodology 

The research sample comprised of 131 university and college students in four 

representative (approachable) classes in tertiary education in Israel: (1) B.Ed. pre-

service prospective science teachers in a teaching college (Group-1, N1=30); (2) B.Sc. 

university freshman science students (Group-2, N2=45); (3) B.Sc. science students in 

a technological university (Group-3, N3=30); (4) MA students, in a first year course 

within the department of Management of Natural and Environmental Resources 

(Group-4, N4=26). The specially developed and validated (inter-rating level-0.85) 

Evaluation DM Questionnaire (EDQ) was used for evaluating the students' DM 

capability. It was administered to the research students' population who were 

requested to read a short paragraph focused on Resources and Energy: What are the 

Future Options and Alternatives? 

Data Analysis: Students’ responses to the EDQ were analyzed, first qualitatively, and 
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then quantitatively-statistically. In the qualitative stage, an ordinal scale-based 

categorization of the responses was followed by their scoring: 0, 1 or 2 for: no 

response, superficial, or non-relevant--LOCS and HOCS levels, respectively. LOCS-

level responses that scored 1 were those that demonstrated a simple recall of 

information, application of known knowledge and/or known (to the students) 

algorithm(s) to familiar situations and contexts. HOCS-level responses that scored 2, 

were those that demonstrated application of one or more HOCS capabilities such as: 

critical thinking, system thinking, decision-making, problem-solving, evaluative 

thinking, a mixture of these and transfer. 

Selected Results and Discussion 

The initial qualitative, followed by a quantitative analysis of the results revealed that 

group-4 of the MA students (N4=26) differs, statistically, from the other research 

groups. The distribution of HOCS level of questions asked, 72.9 in Group-4 vs. 48.6 

% in Group-T, is in full accord with the significant difference between the two groups 

in their related level of ‘question asking’. 

The 4th item in Table 3 refers to students’ capabilities to explain and justify their 

decisions in terms of level and suitability of the criteria and the evaluative thinking-

based explanation applied in justifying their decision, here referred to as 'the 

complexity level' of the decisions made. The results indicate about 22% of group-T 

students justifying their decisions on the LOCS/HOCS (level 2) of complexity, 

compared to 17% on the HOCS (level 3). The corresponding levels of the MA 

students (Group-4) were 39% and 27%, respectively. These results are compatible 

with the results of the question asking/DM capabilities (Items 1 and 2 in the EDQ; the 

complexity level of the DM process is thus a useful parameter according to which DM 

capability is effectively assessed. Table 3 provides a solid evidence concerning the 

DM-related gap between the second and tertiary (undergraduate and graduate) levels. 

The higher HOCS-DM performance of the MA students (group-4), compared to that 

of group-T students, can be rationalized in terms of the slow shift, from disciplinary 

teaching at the undergraduate, to an interdisciplinary, HOCS-oriented learning in the 

graduate level. However, if the emphasis in the university teaching is 'knowing', one 

cannot expect a meaningful shift from the LOCS level to the realm of HOCS.  

 

Table 3 

Group-T (NT=105) and Group-4 N4=26 distributions (%) by the decision making 

rationalization complexity level (Items 2, 3, and 4). 

 Group-T 

(N=105) 

Group-4  

(N=26) 

2Chi 

Test 

(III) Rationalizations’ complexity     

No explanation 

Irrelevant explanation - incapable of 

making a decision 

 

Using defined criteria for positive or 

negative answer 

Using both defined criteria, and relation 

to advantages and disadvantages 

46.67 

 

14.27 

 

21.90 

 

17.16 

11.50 

 

23.10 

 

38.50 

 

26.90 

 

 

DF = 3 

value = 10.80 2x 

p ≤ 0.01 
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ENVIRONMENTAL CITIZENSHIP. EVIDENCE-BASED HOCS-

PROMOTING ASSESSMENT OF COMPLEX LEARNING FOR 

SUSTAINABILITY 

Background, Aims and Framework 

The goal of environmental education is to enable people to aim at and attain more 

ecological ways of living. Outdoor ecology education programs typically concentrate 

on promoting conservation and environmental protection, without neglecting the 

generation of the related cognitive knowledge. The attitude measurement follows the 

2-MEV model which by means of factor analyses and structural equation modeling, 

provides a valid scale of the entire many heterogeneous populations (Bogner & 

Wiseman, 2002). This scale quantifies aspects of eco-logical attitudes via first-order 

factors, based upon a theory encapsulating ecological attitude-sets in two orthogonal 

higher-order factors (values): Utilisation (U) and Preservation (P) (Bogner & 

Wiseman 2006). In the US, Johnson and Manoli (2008) retested the model, too, as 

they investigated the environmental attitudes of 9 - 12 year old students by finding an 

average preservation score of 3.7 and utilization score of 2.5. Both studies found a 

tendency of respondents to show agree with preservation and refuse utilization. A 

Belgian group revealed with Flemish students the same result, confirming the above 

dichotomous structure and extended it with additional facets (Boeve de Pauw & van 

Petegem, 2011). 

The GEB model (general ecological behavior) originated in the 1990ies (Kaiser 

1998). The apparent gap between attitude and behavior of individual might represent 

an empirical chimera, fed by poor measurement instruments. When behavior is 

defined from a motivational point of view as an intent-oriented, - goal-directed 

performance, i.e., the behavior means a necessity to realize a specific attitudinal 

ambition. Research not only confirms that based on the Rasch model, seemingly 

diverse types of activities, like glass recycling and shopping of products with eco-

labels, intervenes with individual actions (Kaiser, 2006), but has also found the 

attitudinal-behavior gap to empirically disappear with proportions of explained 

behavior variance as high as 95% (e.g., Frick et al., 2004), indicating that individual 

goal-directed behavior simultaneously represents a measure of environmental attitude 

(Kaiser et al., 2007). Since environmental attitude is not the reason behind, but rather 

the individual's ecological overall performance itself (c.f. Kaiser et al., 2008), attitude 

change necessarily implies a behavior change.  

Environmental knowledge, the third variable in this model, forms a necessary 

precondition for ecological behavior (e.g., Schultz, 2001). Three different forms of 

factual knowledge can be distinguished (Kaiser & Fuhrer, 2003): (a) knowledge about 

how natural processes operate; i.e., environmental system knowledge; e. g., how the 

individual carbon foot print may affect the earth's climate; (b) how to achieve 

resources conservation and environmental preservation; i.e., action-related 

knowledge; for example, how one can individually reduce energy consumption; and 
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(c) how best to knowledge about various behaviors’ effectiveness in terms of reduced 

carbon dioxide emissions. 

Results and Discussion 

A 4-day inquiry-based environmental education program was designed on syllabus-

relevant water issues, for the participating students at an educational field centre 

(Lieflaender et al., 2012). We applied a multiple choice instrument by using a pre-, 

post-, retention test design, following previous study designs (Bogner, 1999). The 

knowledge scales were calibrated with the Rasch-model (1980). In addition to the 

assessed of change individual on the knowledge level, we also measured the change in 

the knowledge convergence as an indicator of educational success. As a result of 

program participation, the participants significantly added to each knowledge 

dimension, while the effectiveness knowledge showed the least gain, which we 

explain by considering the specific dependence of the knowledge dimensions.  

Finally, we discuss emerging challenges for educational researchers and practical 

implications for environmental educators: A major issue of concern in environmental 

education, is how to translate relevant model(s) into effective implementable courses, 

teaching strategies and assessment methodologies, which are consonant with the 

superordinate goal of ‘HOCS learning’; namely, a sound response to the questions (a) 

what should it take in the context of contemporary science and environmental 

education reform, worldwide; and (b) what type of research-based education will 

promote changes in the behaviour of individuals, industries, institutions, organizations 

and governments for ensuring sustainability.  

 

CONCLUSIONS AND IMPLICATIONS 

Our research-based findings corroborate the claimed gap between the rhetoric and 

philosophy of ‘STESEP education’ and/or education for sustainability at all levels and 

the reality of science/STEM and environmental education practice in K-12 schooling 

and higher education. Similar is the existing discrepancy between the ‘HOCS 

Learning’ application and the related ‘traditional’ science and environmental 

education actually applied.  

In summary, our results suggest the feasibility and potential of HOCS-promoting 

teaching and assessment for achieving students’ ‘HOCS learning’ (Zoller, 2012). 

Accordingly, our recommendation is that interdisciplinary HOCS-STESEP-oriented 

courses and curricula be implemented in different contexts and settings of 

science/STES/STEM/environmental education in both secondary and tertiary levels 

for ensuring the LEARNING to THINK for global sustainability in the STESEP 

contexts. This would require the restructuring of education at all levels including 

teacher training programs towards this new type of learning for all students, via the 

implementation of effective research-based HOCS-promoting teaching, assessment 

and learning strategies.  
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Abstract: ‘Chemistry Education Research and Practice’ (CERP) is a peer-reviewed 

electronic-only journal, which is published by the Royal Society of Chemistry, has fast 

publication times and is free to access, for both publication and to read articles. CERP’s 

authors and readers extend to all over the world, while since 2008 the journal is included 

in the Social Science Citation Index. The latest impact factor is 1.075, making CERP a 

leading journal for teachers, researchers, and other practitioners in chemistry education. 

The purpose of this symposium is twofold: on the one hand, to offer an account of the 

history of the journal and its editorial policy, and, on the other hand, to present 

representative published research.  The three contributions to the symposium reflect the 

complexity and variety of chemistry education research and practice, and its connection 

with very important current educational and societal issues. For Ingo Eilks, the issues of 

sustainability should play a significant role in contemporary chemistry education. His 

paper exploits findings about student teachers’, trainee teachers’ and experienced 

teachers’ knowledge about sustainability, and chemistry's efforts towards a 'greener' 

chemistry. Jennifer E. Lewis considers variables of the affective domain (attitude, 

motivation, perceptions of classroom climate) that seem to be relevant for students’ 

success in college chemistry courses and their continued progress toward careers in many 

areas of science. Finally, Dimitrios Stamovlasis and Georgios Tsaparlis examine the 

effect of psychometric/cognitive variables (working-memory capacity, mental-space 

capacity, degree of field dependence-independence, scientific/logical thinking, the 

mobility-fixity dimension, and convergent/divergent thinking) on student high ability and 

achievement in science problem solving and other higher-order science tasks.   

Keywords: Journal ‘Chemistry Education Research and Practice’ (CERP), history of 

CERP, CERP editorial policy, sustainable development, green chemistry, secondary 

chemistry teacher education, affective domain, attitude, motivation, classroom climate, 

science problem solving, higher-order science tasks, psychometric/cognitive variables  

  

INTRODUCTION  

Four features in combination make the journal Chemistry Education Research and 

Practice, published by the Royal Society of Chemistry, distinct for the dissemination of 

research for evidence-based and coherent practice:  it is free to access, for both 

publication and to read articles; submission to publication time is fast; it has a truly 

international flavour; and it represents a diverse range of education levels and research 

foci.   
                                                           
*
 Symposium organiser 

**
 Discussant at the symposium   
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The purpose of this symposium is twofold: on the one hand, to offer an account of the course 

the journal is taking over its fourteen years of publication, and, on the other hand, to present 

representative published research that demonstrates the diverse range of education levels and 

research foci. The three presentations

 of the symposium reflect the complexity and variety of 

chemistry education research and practice, and the connection of chemistry education 

research with very important current educational and societal issues.   

 

THE HISTORY OF CERP 

The journal Chemistry Education Research and Practice (CERP) started as a follow-up 

electronic-only publication to the 5th European Conference on Research in Chemical 

Education (5th ECRICE) that was organised in 1999, in Ioannina, Greece, with Georgios 

Tsaparlis as founding editor. To emphasise the links of the journal with the ECRICE 

conferences, Europe featured in the title until 2003: Chemistry Education Research and 

Practice in Europe (CERAPIE). According to the editorial of vol. 1, no. 1 (January 2000) the 

set targets were:   

1. To provide both researchers and practitioners of chemistry education in Europe an 

additional means to publish their work, taking into account that the existing international 

science education and chemistry education journals were very limited in number. In 

particular, there was a need for an exclusive means for the publication of science 

education research in the special domain of chemistry. 

2. To secure a high quality of the published work, by submitting it to peer reviewing by 

professional science education researchers and/or chemical educators. 

3. To speed up considerably the review and publication process. [It was well known that in 

the case of the standard journals this process can be very slow (often about two years) in 

contrast to the science (chemistry, physics, biology, biochemistry etc.) journals where it 

was not unusual to have slow times being only four months. Actually, this was the most 

important reason for which the journal had been launched.] 

4. To make the journal as widely read as possible, by distributing it free through the 

Internet. 

Quality and also the need to promote new European researchers were among the first 

priorities in the editorial policy of the journal. The following is an excerpt from the editorial 

of vol. 1, no. 2 (May 2000) that was entitled:  “The quality of CERAPIE: Aiming to strike a 

balance”: “... A balance needs to be struck between, on the one hand, maintaining standards, 

and, on the other hand, providing individuals opportunities to be part of the community and 

to participate in the review process. … Eventually, what is published is the product of the 

review process, that is, the quality of a journal is determined by the expertise, the work, and 

the responsibility of its reviewers. .. In the final analysis, however, the quality of a journal is 

determined by the quality of papers submitted to it.” As a matter of fact, the quality of CERP 

has been established through the quality of its reviewers (who included and include the 

leading names worldwide in the field), and consequently by the quality of the published 

work. This quality is being verified by the impact factor of the journal (see below).    

                                                           
 The symposium included initially another contribution by Melanie M. Cooper who, however, was 

unable to attend. Her paper was about many students’ struggle with the relationship between the 

structure of a substance and its properties, and about her research on student understanding of these 

relationships and efforts to implement and assess a new curriculum, ‘Chemistry, Life, the Universe 

and Everything’, in which structure property relationships play a central role. 
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Globalisation in chemistry education research and practice 

Globalisation was the theme of the editorial of vol. 4, no. 1 (January 2003). The editorial 

concluded that the European authors and readers of the journal extended then far beyond the 

ECRICEs. In addition, CERAPIE had become an international journal with authors and 

readers from all over the world. For this reason, from volume 4 (2003), the journal dropped 

Europe from its title. The new title was expected to make authors from further afield feel 

equally welcome. Later in this introductory paper, we provide data about the authors’ 

nationalities over time, which demonstrates the international character of the journal.  

 

Securing a future for Chemistry Education Research and Practice: A move forward     

From 2005 (with volume 6) the publication of CERP was taken up 

by the Royal Society of Chemistry (RSC), with Georgios Tsaparlis 

and Stephen Breuer

 as joint editors.  The editorial policy was (and 

still is today): Chemistry Education Research and Practice is the 

journal for teachers, researchers and other practitioners in chemical 

education. It is the place to publish papers on: research and reviews 

of research in chemistry education; effective practice in the 

teaching of chemistry; in depth analyses of issues of direct 

relevance to chemistry education (perspectives).  

With vol. 12 (2011), Georgios Tsaparlis and Stephen Breuer retired of their own will as 

editors of the journal, and from 2012 Keith S. Taber took over as sole editor. 

 

PUBLICATION DATA 

Table 1 provides information about number of papers and number of pages for volumes 1-14. 

Note the spectacular increase in number of papers and pages for the last three volumes (2011-

2013): Average number of papers: volumes 6-11, 27.7; volumes 12-14, 48.0; average number 

of pages: volumes 6-11, 310; volumes 12-14, 546. 

Impact Factor 

The quality and worldwide recognition of the journal coupled with the continuous efforts of 

the editors brought fruit in 2008, when CERP was accepted into the Social Science Citation 

Index. The latest (2012) impact factor is 1.075, making CERP a leading journal for teachers, 

researchers, and other practitioners in chemistry education.  

CERP is now (along with the Journal of Chemical Education, published by the ACS), a 

focused chemistry education research journal, the journal of choice for many chemistry 

educators worldwide, especially chemistry educators in chemistry departments.  

 

  

                                                           
 Until 2004, Stephen Breuer was co-editor of the RSC journal University Chemistry Education, 

which merged with CERP in 2005. 
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Table 1 Publication data (number of papers and number of pages) for volumes 1-14. 

Volume/Year* Number of 

papers 

Number 

of pages 

Volume/Year ** Number of 

papers 

Number of 

pages 

1 / 2000 41 425 6 / 2005 14 212 

2 / 2001 25 345 7 / 2006 21 289 

3 / 2002 23 384 8 / 2007 30 402 

4 /2003 29 410 9 /2008 38 340 

5 / 2004 19 357 10 / 2009 30 301 

   11 /2010 33 313 

   12 / 2011 47 486 

   13 / 2012 48 517 

   14 / 2013 49 636 

Average per 

volume  

(vol. 1-5 

26.8 384 Average per 

volume  

(vol. 6-14) 

34.4 388 

* Published from the University of Ioannina: http://www.uoi.gr/cerp (Volumes 1-5 are also accessible 

from the current site of CERP: http://www.rsc.org/cerp) 

** Published by the Royal Society of Chemistry: http://www.rsc.org/cerp 

 

 

Published papers by authors’ nationalities  

Table 2 gives data about CERP authors’ nationalities for three periods: vol. 1-5, 2000-2004 

(representing the initial period when the journal was published from the University of 

Ioannina), vol. 6-14, 2005-2013, and vol. 12-14, 2011-2013. The score of a specific author in 

a multi-author paper was calculated by a formula from Howard et al. (1987), and has been 

used previously in a study about science education journals (Tsai, 2005): 

Score = (1.5
n–i

) / 
nΣ i = 1 (1.5 

n–i
) 

where n is the total number of authors in this paper, and i is the order of the specific author. 

For instance, for a paper with four authors (n = 4), the score for the first author (i = 1) is: 

(1.5
3
) / (1.5

3 
+ 1.5

2 
+1.5

1 
+1.5

0
) = 3.375 / (3.375 + 2.25 + 1.5 + 1) = 3.375 / 8.125 = 0.415. 

Table 3 shows the application of this formula providing the actual scores for 1-5 authors per 

paper.  It follows from the above formula, and is apparent that the sum of scores for a paper is 

one. 

From the data of Table 2, the expansion of countries represented over time is evident, as well 

as the dominance of the USA. USA is world leader in science, so its leading role in CERP is 

beneficial both for the journal and for the field of chemistry education. On the other hand, 

Turkey sets an example of a country which, during recent years, has placed great importance 

on developing education departments (including science and chemistry education ones) in her 

universities.   

Of particular interest is to compare this data with that obtained in a previous study, covering 

the publication period from 1998 to 2002, for three major science education journals: Journal  
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Table 2 Published papers by CERP authors’ nationalities. 

Volumes 1-5, 2000-2004 Volumes 6-14, 2005-2013 Volumes 12-14, 2011-2013 

1. UK 29.69  

2. Greece 25.00 

3. Spain 8.00 

4. Germany 7.72 

5. Israel 7.21 

6. France 6.70 

7. USA 6.00 

8. Turkey 4.00 

9. Canada 4.00 

10. Italy 4.00 

1. USA 103.07  

2. UK 37.59  

3. Turkey 26.79  

4. Germany 18.99  

5. Greece 16.43  

6. Australia 15.81  

7. Israel 13.20  

8. Ireland 13.00  

9. Sweden 7.42  

10. France 5.72  

11. South Africa 5.68  

12. The Netherlands 4.98  

13. Finland 4.00  

14. Hungary 3.40  

15. Spain 3.00  

16. Canada 2.21  

17. Italy 2.00 

1. USA 57.41  

2. Turkey 15.60  

3. UK 10.18  

4.Germany 10.00  

5. Greece 7.00  

6. Ireland 6.00  

7. Australia 5.82  

8. Israel 4.00  

9. South Africa 4.00  

10. Sweden 2.82  

11. Hungary 1.00  

12. Finland 1.00  

13. France 0.72  

14.The Netherlands 0.58  

15.  Italy 0.00 

 

 

 

Table 3 Scores of a specific author in a multi-author paper calculated 

by the Howard et al. formula (see text). 

 Order of specific author 

#   authors  1  2  3  4  5 

1  1      

2  0.60  0.40     

3  0.47  0.32  0.21    

4  0.42  0.28  0.18  0.12   

5  0.38  0.26  0.17  0.11  0.08 

 

 

Table 4 Country ranks for publications in three major science education journals
*
 

from 1998 to 2002.
**

 

1. USA 346.35  

2. UK 121.76  

3. Australia 69.18  

4. Canada 37.48 

5. Israel 29.75  

6. Spain 24.20  

7. Taiwan 20.80  

8. Netherlands 15.47 

9. South Africa 14.68  

10. Germany 12.08   

* 
Journal of Research in Science Teaching, Science Education, International Journal of Science 

Education.   
** 

Taken from Tsai (2005). 
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of Research in Science Teaching, Science Education, International Journal of Science 

Education (see Table 4) (Tsai, 2005).   

THE THREE PAPERS IN THIS SYMPOSIUM: COMMENTARY BY 

THE DISCUSSANT 

Authors in this symposium are describing studies which are representative of their themed 

research: 

 Eilks:  sustainability and education for sustainability. 

 Lewis: improved understanding of the state of the art for measurement in chemistry 

education research. 

 Stamovlasis and Tsaparlis: examining a wide range of cognitive variables that 

contribute to learning of chemistry.  

Each author builds on prior research of their own and others in a way that enhances the 

findings in the field: 

 Eilks: has worked with experienced teachers, new teachers, in-service programs, pre-

service teachers. 

 Lewis: places the emphasis on evidence-based research in the affective domain – with 

high levels of validity and reliability. 

 Stamovlasis and Tsaparlis: consider many psychometric and cognitive variables (e.g. 

working memory capacity) as predictors of learning. 

All contributions are both theoretically informed and theory building: 

 Eilks: has worked on the development of a theoretical conceptualisation of 

sustainability related to Conceptual Knowledge and PCK. 

 Lewis: considers the role of the affective domain in college chemistry, focusing on  

attitude, motivation, and self-determination theory. Her work is using and 

contributing to research in psychology and measurement. 

 Stamovlasis  and Tsaparlis: are seeking linear or non-linear predictors of student 

performance. Their work is also using and contributing to research in psychology and 

measurement. 

Let us now consider the main features of each contribution.  

Ingo Eilks 

 Thematic research on chemistry teachers’ understanding of sustainability and 

education for sustainability. 

 Very important topic – the notion of sustainability is now ubiquitous in government 

and private entities. For example, Curtin University has a Sustainability Policy 

Institute and engineering programs like Cleaner Production. 

 The findings of his research illustrate the difficulties of moving outside the traditional 

teaching practices.  

 Difficult to implement teacher change without required professional development.  

 Research with pre-service teachers illustrates the viability of such a program for 

sustainability. 
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Jennifer Lewis 

 Representative of chemical educators who are using a range of variables and 

sophisticated statistical analyses from psychology and psychometrics to analyse data 

about learning and affective measures.  

 These studies with measurement tools such as Structural Equation Modelling can 

provide more statistical power and confidence about the relationship between 

affective variables that inform learning.  

 Broader evidence of this approach is in: Arjoon, J. A., Xu, X., & Lewis, J. E. (2013). 

Understanding the state of the art for measurement in chemistry education research: 

Examining the psychometric evidence. Journal of Chemical Education, 90, 536–545.  

Stamovlasis and Tsaparlis 

 Their research is also representative of those chemical educators who are using a 

range of variables and sophisticated statistical analyses from psychology and 

psychometrics to analyse data about contributions to problem solving and higher-

order thinking. 

 Constructs such as Field Dependence - Field Independence and Logical Thinking 

have received attention by chemistry educators in the past but usually with less 

sophisticated statistics. 

 The aim is to find the most effective predictors for teaching and learning chemistry.  

To sum up  

This symposium provides three excellent examples of expert chemistry educators whose 

themed research has helped improve the practice of teaching and learning and helped build 

and contribute to the theories behind teaching and learning. We have here an inspiring set of 

papers which are intellectually challenging.  

Readers can follow their work in Chemistry Education Research and Practice as well as other 

journals.    

 

CONCLUDING COMMENTS 

Three recent CERP editorial articles deal with various relevant aspects of chemistry 

education research and practice and are related to the general editorial policy of the journal. 

Potential CERP authors, as well as every chemistry education researcher and practitioner, 

would benefit definitely by consulting these three articles. 

The nature and scope of chemistry education as a field is reviewed in the July 2012 editorial 

(Taber, 2012a). For the current CERP editor.  “It is sometimes suggested that academic fields 

become defined through their peer-reviewed journals: the presence of the journals is an 

acknowledgement of the existence of a field, and the journals act as gate-keepers to 

determine what is considered work that both falls within the scope of the field and reaches the 

standards expected in the field (Taber, 2012a, p. 159).  

Often, authors submit to CERP manuscripts that are judged unsuitable for the journal, so they 

are returned without being put in the review process.  Authors should be able to judge for 

themselves “when submissions that clearly do report educational research and/or scholarship 

have a place in a specialist journal such as Chemistry Education Research and Practice rather 

than a more ‘general’ educational research journal.” (Taber, 2013, p. 151).  
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The January 2012 editorial considers quality in reports of chemistry education research 

(CER). It sets the criteria that CERP submissions should fulfill. They can be (Taber, 2012b, 

pp. 5-6):  

 papers that offer research reports (including reports from chemistry teacher 

undertaking and researching innovative practice) 

 theoretical perspectives on chemistry education  

 reviews of chemical education 

 research, or of other areas of research of direct and clear significance to the teaching 

and learning of chemistry 

“Common criteria that would apply in each of these cases include quality of argument, 

novelty, and linkage to previous scholarship.” 

Finally, the April 2013 editorial distinguishes among three levels of CER: the first level is 

inherent CER, which focuses on issues that are intrinsic to chemistry teaching and learning 

(CT&L). The second level is embedded CER, and concerns a focus that is extrinsic to 

chemistry education as a field, but has been conceptualised carefully within a CT&L context 

in a particular study. And the third level is collateral CER, which has a general educational 

focus, with the research questions carried out in CT&L contexts but does not make strong 

links with particular or intrinsic aspects of CT&L.  

In conclusion, we hope that this symposium demonstrated that the complexity of teaching and 

learning in chemistry offers chemistry education researchers a multitude of topics to explore. 

And it is needless to add that Chemistry Education Research and Practice is very keen to 

publish on all relevant topics.  
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Abstract: This paper reports a project of Participatory Action Research to innovate secondary 
chemistry teacher education in Germany. A course module on sustainability issues, Green 
Chemistry and Education for Sustainable Development was developed, cyclically refined, and 
implemented in German pre-service chemistry teacher training. An overview on the course 
module will be given. Experience gained during its three-year development will be reflected 
upon. A short insight into the evaluation will be reported. 
 
Keywords: Chemistry Teacher Education, Education for Sustainable Development, 
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PARTICIPATORY ACTION RESEARCH FOR INNOVATING 
CHEMISTRY TEACHER EDUCATION  
For more than a decade now the model of Participatory Action Research (PAR) developed by 
Eilks and Ralle (2002) has been used for chemistry education curriculum development and 
classroom research (Eilks, 2014). PAR seeks to thoroughly connect domain-specific 
educational research with curriculum development and teaching practice. PAR is performed 
in collaborative groups of in-service teachers and accompanying educational researchers from 
the field of chemistry education (e.g. Marks & Eilks, 2010; Eilks, Markic & Witteck, 2010). 
The project described in this paper represents one of the first approaches for applying the 
PAR model to innovations for higher education.  

Just like in the case of focusing school chemistry education, PAR for higher education seeks a 
cyclical optimization of teaching practices, which are supported by research about teaching 
and learning processes in the specific domain, reports of practitioners’ personal experience, 
and the intuition and creativity of experienced people in the field (Burmeister & Eilks, 
2013b). The objectives targeted in the PAR process encompass newly-developed curricula, 
teaching strategies and empirical evidence about teaching and learning in the field. They also 
include the reduction of any deficits reported from practice, and will result in better-trained 
professionals (Figure 1) (Mamlok-Naaman & Eilks, 2012).  

Every sort of Action Research is cyclical in nature. In PAR, new teaching approaches are 
designed, then cyclically applied, tested and revised. The objective is to improve teaching 
practices by applying newly-developed and cyclically improved lesson plans in different 
testing groups. The prototype designs are used and tested as early as possible to see if they 
have the potential to reduce the identified problems in classroom practice. The process of 
planning in a group is an important factor. This is not just because problems in evaluation can 
be avoided, but also because communication and reflection within the group ensure that each 
design is compatible with the needs of everyday teaching practices (Eilks & Ralle, 2002).  
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The research process in the PAR model is thought to be initiated when deficits in either 
teaching practices or empirical research are reported upon. PAR is then used to determine 
methods for eliminating or reducing any problems in teaching practice. This is also the case 
when transferring PAR to the realm of higher education. Research begins with a thorough 
analysis of the relevant literature. Group discussions within the research team are used to 
determine whether or not the problem is of general interest in authentic practice and beyond 
individual classrooms. The discussions also reflect whether information from the literature is 
considered of potential for the structuring of altered curricula or pedagogies within the 
specific, authentic educational settings the practitioners work in.  

 

 

Figure 1. Participatory Action Research within domain-specific education 

In the case described here and as discussed in Burmeister, Rauch and Eilks (2012), the 
problem analysis showed many official documents (e.g. UNESCO, 2005 and b; KMK, 2007) 
which called for a more thorough implementation of course content on Education for 
Sustainable Development (ESD) in pre-service teacher training. Literature analysis supports 
claims that the implementation of subject matter addressing both sustainability theories and 
learning about ESD in chemistry teacher preparation is insufficiently developed in many 
countries. This is why the cyclical PAR process was started and eventually led to three 
developmental cycles in three consecutive years of testing. However, hard empirical evidence 
and concrete information about student teachers' prior knowledge, attitudes and beliefs 
concerning sustainability and ESD to inform the curriculum development process in the case 
of German chemistry education were hard to come by at the beginning of the process. To 
overcome the lack in empirical support, own empirical research initiatives were started in 
parallel to the curriculum innovation. The empirical research was meant to interact with and 
influence both curriculum development and the participants' understanding of its effects. 

 

Das Bild kann zurzeit nicht angezeigt werden.
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ACCOMPANYING EMPIRICAL RESEARCH ON TEACHERS’ AND 
STUDENT TECHERS CK, PCK, AND ATTITUDES  
Research on teachers’ overall knowledge base, attitudes and beliefs concerning sustainability 
concepts and ESD is rare in the literature. Based on the few available studies from Germany 
and other countries (e.g. Summers & Childs, 2007; Rieß & Mischo, 2008; Seybold & Rieß, 
2006; Spiropoulou, Antonakaki, Kontaxaki, & Bouras, 2007; Zachariou, & Kadji-Beltran, 
2009), one can assume that German (student) teachers' knowledge of sustainability issues and 
the theories behind sustainable development might remain underdeveloped. The same seem to 
hold true for the curricula and pedagogies developed for ESD-driven chemistry teaching. 
Anyhow, for the case of secondary chemistry teacher education in the German context such 
documentation was not available prior to this project. That is why the development of the 
course module was accompanied by empirical research in order to support the curriculum 
development process. Two studies based on questionnaires were conducted to describe 
German chemistry student teachers (N= 87) and trainee teachers' (N=97) knowledge base and 
attitudes towards sustainability and the didactics and pedagogies of ESD (Burmeister & Eilks, 
2013a). Additionally an interview study with experienced secondary chemistry teachers was 
carried out (N=16) (Burmeister, Schmidt-Jacob & Eilks, 2013). 

All the three studies found positive attitudes among the student teachers, teacher trainees and 
experience teachers with regard to strengthening the contemplation with sustainability issues 
and ESD in secondary school education. The participants acknowledged that all school 
subjects should contribute to ESD, but they also believed in a specific responsibility of 
chemistry education. Despite this positive attitude, their overall knowledge about potential 
topics and pedagogies was limited and poorly thought out. There seems to be a lack of 
theoretically sound ideas about modern concepts of sustainability, as well as about a theory of 
ESD. Nevertheless, many student teachers, teacher trainees and experience teachers were 
headed in the right direction when asked for their knowledge about and association with 
sustainability and ESD. But their ideas were raw, undeveloped and unsupported by substantial 
knowledge or theory. Only a small minority of the participants in these studies was able to 
outline a more-or-less sound description of what is meant by sustainable development. 
Almost no one had heard or could repeat what a theoretically-based description of ESD 
actually entails.  

Overall, most future and experienced chemistry teachers in the two case samples 
acknowledged that secondary school education should promote ESD, and that chemistry 
education should be a part of it. Some were able to intuitively associate topics from the 
chemistry curriculum with issues of sustainable development, e.g. with the question of the 
sustainable production of fuels. Yet ideas for using ESD in chemistry education, including 
how teaching might be structured by adequate pedagogies, remained very limited. Both 
samples explicitly mentioned that the participants had not yet been confronted with learning 
about sustainability or ESD pedagogies during their teacher training program. Both issues 
seem to play hardly any role in many of the German chemistry teacher training programs. 
Neither chemistry courses, nor educational and domain-specific educational courses seem to 
address these issues explicitly so far. The participants mentioned that the major sources of 
their knowledge had been from informational settings such as TV and the Internet. This 
strongly supports the premise of the current study that the development of explicit course 
content and modules to strengthen pre-service teachers’ theoretical and practical knowledge 
for applying ESD are desperately needed in the field of chemistry education. It became clear 
that a theoretical foundation needs to start from the very bottom and has to include both 
learning about sustainability as such, the role of sustainable thinking in chemistry, and 
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knowledge about practical pedagogies for effectively bringing ESD into the chemistry 
classroom. 

 

THE STRUCTURE OF A COURSE MODULE ON ESD IN CHEMISTRY 
TEACHER EDUCATION 
The course module has a duration of six weeks with one ninety-minute session per week. 
Table 1 gives an overview of the different sessions. Inspired by the empirical findings 
described above, the coursework starts with a self-reflection activity. This activity makes the 
participants explicitly aware of their prior knowledge, their intuitive associations with the 
topic, and their potential lacks of theoretical foundations.  

Coming from the exposure of potential deficits in the participants’ knowledge, the course then 
focuses on three major areas of learning: 

‐ The historical development and modern concepts of sustainability in general and their 
operationalization in chemistry, especially through the concept of Green Chemistry, 

‐ The basic theories and governmental legislations concerning ESD with special focus on 
the practices of German chemistry education, and 

‐ Adequate pedagogies for acquainting school students with sustainability thinking in 
chemistry classes, promoting their understanding skills, and increasing their participation 
abilities in societal debates on questions of sustainability concerning science and 
technology. 

 
Table 1 

Overview of the course module structure 
 
Session 1 Assessing students prior knowledge and attitudes towards sustainability and 

ESD using a research questionnaire 
Lecture on the historical genesis and modern concepts of sustainability 
Overview on the course and introduction to the WebQuest on the issues of 
sustainability and Green Chemistry  

Session 2 WebQuest on issues of sustainability, the concept of Green Chemistry and its 
perception in society 
Role playing of different views towards Green Chemistry, prepared by the 
WebQuest 

Session 3 Jigsaw classroom on educational policy papers about ESD in German school 
education 

Session 4 Analyzing a lesson plan on teaching about plastics with an ESD focus, which 
mimics the product testing method in order to evaluate plastics in the 
foreground of sustainability criteria 

Session 5 Facultative: Further analysis and discussion of teaching materials 
Facultative: A board game based on Green Chemistry in the chemical industry 

Session 6 Lecture about basic models how to connect ESD and chemistry education 
Lecture summing up the course content 
Self-assessment of learning success with reference to the initial questionnaire 
and data about student teachers’ knowledge on sustainability and ESD from 
the accompanying research 
Reflection of the course content and structure 
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Contention with the basic theories behind sustainability is introduced through a short lecture, 
which presents the historical development of the term, the genesis of the Agenda 21, and an 
overview of competing concepts for modeling sustainability as outlined e.g. in (Burmeister et 
al., 2012). The central objectives in learning in this phase are understanding (1) that in all 
modern concepts of sustainability different dimension are interwoven and contain at least the 
ecological, economic, and social dimensions, and (2) that sustainability always is connected 
to balancing the interests and needs of today’s society with the interests and chances of future 
generations.  

Learning about the point of view on sustainability issues within chemistry is structured using 
a WebQuest (Burmeister, Jokmin & Eilks, 2011). The WebQuest introduces issues arising 
from the use of chemistry and the practice of chemical industry connected to sustainable 
development. It explains chemical industries' efforts to contribute to sustainable development, 
e.g. by the Green Chemistry initiative, but also presents critical voices. Learning by the 
WebQuest prepares the participants for a role-play, where both the effort required and the 
chances represented are talked about by different role-players. The role-play includes 
discussing critical roles, which question whether the efforts undertaken are carried out in the 
correct fashion and are sufficiently intense in nature. 

Contention with theories of ESD takes place in a jigsaw classroom. The jigsaw classroom is 
based on different position papers taken from governmental bodies and educational societies, 
namely from the Conference of the German State Ministries of Education (KMK, 2007), the 
German Society for Educational Sciences (DGfE, 2004), as well as the German hub of the 
UN world decade of Education for Sustainable Development (Transfer 21, without year). This 
phase makes clear the importance that educational theory and educational policy gives to 
ESD.  

The next learning phase for how to deal with ESD in school chemistry classrooms is based on 
a lesson plan developed by a group of teachers in another PAR project especially for this 
purpose (Burmeister & Eilks, 2012). The lesson plan deals with the topic of plastics and 
handles the basic chemistry and properties of different polymer materials. The lessons focus 
on ESD by combining the learning of chemistry content with information on how to evaluate 
chemistry products and technologies in the foreground of sustainability criteria. Within the 
lesson the students are familiarized with the three dimensions of modern sustainability 
concepts. The pupils are asked to mimic consumer test agency workers in order to experience 
the interconnectedness of the three sustainability dimensions when evaluating chemistry 
products and technologies. Within the consumer test agency method, participants are asked to 
evaluate different sorts of plastics (PVC, PET and TPS) currently addressed by the 
sustainability debate, all of which have ecological, economic and societal implications. The 
pupils have to weigh the impact of the different products in the various dimensions against 
one another, evaluate the different plastics, and make a final evaluation. An educational board 
game dealing with Green Chemistry principles in industrial chemistry was also carried out 
(Coffey, 2010). 

The course closes with a session reflecting on the achievement and the present status of ESD 
implementation in German chemistry education. For this purpose the four basic models for 
implementing ESD in chemistry education as described (Burmeister et al., 2012) are 
presented. This phase also refers back to the participant questionnaires, which were filled out 
at the beginning of the course which are now related to the empirical findings on the student 
teacher and teacher trainee knowledge discussed above.  
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FEEDBACK FROM THE PARTICIPANTS 
The course was applied in three cycles of development during three consecutive years of 
study. A total of 46 student teachers participated in the course. The different rounds of testing 
faced slight variations and improvements in the teaching materials. Feedback was collected 
by group discussions occurring after the course and written questionnaire with open-ended 
questions and 32 Likert-items. The evaluation was used for cyclical optimization of the 
course, including insights into its feasibility and effects.  

Overall, the participants responded very positively to the course. The student teachers stated 
that the course module was interesting, important and valuable for their later profession as 
chemistry teachers in school. The student teachers also emphasized that they had learned a lot 
and that they now felt more competent in the area of sustainability and ESD.  

Criticism was rare and occurred only briefly in the questionnaires and the group discussions. 
In the first round of testing individual students were concerned about non-optimal time 
management of the course and insufficiently recognizable learning objectives for each phase 
of learning. Some student teachers did not fully recognize the differences in some of the 
course materials, since some were structured as materials for teacher training while others 
were materials developed to be used in a secondary school classroom. The different kinds of 
materials, the roles they were expected to play, and the hoped-for learning outcomes were 
made more explicit in the second round of testing. Some criticism also arose initially, because 
certain phases dwelt overly long on political and societal aspects, rather than on chemistry 
and science factors. The emphasis was then changed by selecting different materials in a later 
round of testing. Due to improvements in the course structure and materials, criticism in both 
of these areas diminished in the third round of testing. 

 

CONCLUSIONS AND IMPLICATIONS 
Reflecting upon the findings from the accompanying empirical studies we can assume that the 
current implementation rate of ESD in chemistry education is still low because learning about 
ESD in connection to chemistry teaching is not a focus of chemistry teacher training in 
Germany yet (Burmeister & Eilks, 2013a; Burmeister, Schmidt-Jacob & Eilks, 2013). 
Unfortunately, hard evidence on the current state of concepts believed in and practiced by 
teachers in German chemistry classrooms is not yet available. Research in this field is still 
needed; a respective study is under way. But the fact that almost none of the student teachers 
brought any developed concept of sustainability with connection to chemistry topics from the 
school to the university is sobering. This would seem to indicate that such issues are not 
prominent topics in current chemistry classrooms in German secondary schools and that 
change is needed.  

A second look upon the accompanying empirical study tends to make us assume that ESD 
practices will eventually be implemented in German chemistry teaching if the prospective 
teachers are allowed to learn about respective curricula and pedagogies. The contents of the 
module proved valuable for offering future teachers these ideas and pedagogies for making 
themselves familiar with sustainability issues. This included the connection of ESD with 
chemistry topics and modern pedagogies for implementing ESD in chemistry teaching. 
Student teachers’ feedback regarding this innovation was quite positive. The statements made 
by the participants seem to indicate that future teachers can and will be more sensitive and 
competent when dealing with sustainability issues and ESD in the chemistry classroom if they 
are allowed to get a chance to it.  
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Nevertheless, there is also need that pre-service chemistry teacher training programs must be 
supported by training in the area of in-service chemistry teacher training with respect to 
sustainability and ESD. The low implementation rate derived from the empirical studies 
suggests change. Single parts of the course module described above are currently being used 
for this purpose, e.g. in-service chemistry teacher training workshops about the WebQuest on 
Green Chemistry and the lesson plan on evaluating plastics. Perhaps these can contribute 
further to reducing deficits in in-service teachers’ general knowledge about sustainability 
concepts and ESD in the same fashion as they did for pre-service teachers in this study 
(Burmeister & Eilks, 2013b). 
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Abstract: Research has shown that a number of psychometric (cognitive) variables are 

important contributors to student high ability and achievement in science problem 

solving and other higher-order science tasks. Variables such as working-memory 

capacity, mental-space capacity (M-capacity), disembedding ability (degree of field 

dependence-independence), developmental level, the mobility-fixity dimension, and 

convergent/divergent thinking operationalize mental resources that are involved in 

learning and in cognitive task execution, and can be predictive of the student 

performance. The paper presents a short review of the psychometric relevant research, 

including linear and nonlinear approaches to psychometric research in science 

problem solving. The research demonstrates the crucial role of the cognitive variables 

in a variety of mental tasks.    

Keywords:  student high ability, problem solving higher-order thinking tasks, 

psychometric variables, cognitive variables, working-memory capacity, mental-space 

capacity (M-capacity), disembedding ability (degree of field 

dependence-independence), logical thinking, mobility-fixity dimension, 

convergent/divergent thinking  

  

INTRODUCTION   

Research on individual differences has shown that student achievement in science and 

especially in problem solving and other higher-order tasks is affected by a number of 

cognitive variables, including logical/scientific thinking (which is related to 

developmental level in the Piagetian sense), working-memory capacity, mental-space 

capacity (M-capacity), disembedding ability (degree of field 

dependence-independence), the mobility-fixity variable, and the convergent/divergent 

dimension. The above variables are psychometric constructs, which belong either to 

information-processing models (IPM) or to neo-Piagetian theories, and operationalize 

mental resources activated during execution of related cognitive tasks.   

At the outset, a distinction should be made between cognitive tasks called exercises 

and (“real”) problems. Exercises are mental tasks where the subject applies a 

well-known procedure, which has usually been practiced (an algorithm). The final 

solution is credited to the student’s ability to execute successfully the learned 

algorithm. On the other hand, there are ‘real’ problems or complex problems, which 

are not algorithmic, while the cognitive processes require the contribution of a 

number of mental resources. Of course, in a school context, a cognitive task can be an 

exercise or real problem depending on the subject’s expertise and on what had been 

taught. A task could be an exercise for a student, while the same task would be a 

problem for another student (Niaz, 1995). Moreover, complex tasks that demand for 
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their execution the employment of the so-called higher-order cognitive skills (HOCS) 

are those which require both algorithmic ability and a deeper conceptual 

understanding. HOCS are hard to be taught and require special interventions (Zoller, 

1993; Zoller & Tsaparlis, 1997). However, it is well establish that the effect of 

individual differences, such as the above cognitive variables, is more pronounced in 

HOCS and real problems.   

Among the psychometric constructs involved in task execution, the 

information-processing capacity is the most prominent, while, depending on the 

nature of the task, a number of additional variables, such as, disembedding ability or 

formal reasoning might be included in the set of predictors. Science education 

research has provided a plethora of empirical evidence supporting that the difficulties 

in learning science originate not only from the subject matter itself,  but also from the 

individual differences in question. Next, a brief review of the effect of the 

psychometric variables is provided.    

  

PSYCHOMETRIC VARIABLES   

The effect of information processes capacity  

An important and central role in performance is attributed to the information - 

processing ability, which is operationalized by working memory capacity (WM) or the 

neo Piagetian construct of mental capacity (M-capacity). A characteristic predictive 

model refers to the working memory overload hypothesis, and states that a subject is 

likely to be successful in solving a problem if the problem has a mental demand 

(M-demand) which is less than or equal to the subject’s WM capacity (W) (M ≤W) 

(Johnstone, 1984; Johnstone & El-Banna, 1986). The model provided a reasonable 

explanation of students’ failure; however it was not applicable to all kinds of 

empirical data.   

Selective related literature: Johnstone and Al-Naeme (1991); Johnstone and El-Banna 

(1986); Niaz (1988a, 1988b); Niaz and Logie (1993); Tsaparlis(1998, 2005); Tsaparlis 

and Angelopoulos (2000).   

Tsaparlis (1998) examined the limitations of the model and stated the necessary 

conditions that must be fulfilled in order for it to be valid. These are: (1) the partial 

steps must be available in long-term memory, and (easily) accessible from it; (2) the 

model must be valid for actual problems, and not only for familiar ‘problems’ 

(exercises). [Familiarity with a problem, and/or ‘chunking’ of a problem into familiar 

chunks reduces the M-demand and thus improves student performance 

(Pascual-Leone et al., 1978).] In a follow-up study, organic chemical synthesis 

problems, with a simple logical structure and varying M-demand were studied 

(Tsaparlis & Angelopoulos, 2000), showing the pattern of the expected drop in 

performance, being more striking in the case of the students without previous training.  

Note also that WM capacity and M-capacity relate to general IQ and thus they have 

been found to correlate with students’ achievement in most of the mental task related 

to learning sciences.    

The effect of disembedding ability  

It is noteworthy that the WM-model focusing merely on WM capacity is a 

simplification, since it is known that other mental resources are also involved in 

learning and/or problem solving. A decline in student performance might occur not 
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only because of the limitation of their WM capacity but also because of the 

interference of variables, such as disembedding ability (degree of field 

dependence/independence), which play an essential role in science problem solving.  

Selective related literature: Boujaoude, Salloum, and Abd-El-Khalick (2004); 

Johnstone (1984); Johnstone and El-Banna (1986); Johnstone, Hogg, and Ziane 

(1993); Niaz (1988a, 1988b; 1989); Niaz and Logie (1993); Niaz, Saud de Nunez, and 

Ruiz de Pineda (2000);  

Stamovlasis and Tsaparlis (2005); Tsaparlis (2005); Tsaparlis and Angelopoulos 

(2000); Tsaparlis, Kousathana, and Niaz (1998).  

The degree of field dependence/independence, which is actually the ability to separate 

signal from noise, acts as a moderator variable to information prossesing. Field 

dependent students appear to possess lower WM capacity and/or M-capacity because 

they process simultaneously irrelevant information. It has been found that 

disembedding ability is involved in situations that require conceptual understanding 

alone (especially in demanding cases), and in combination with chemical calculations.  

(Demerouti, Kousathana, & Tsaparlis, 2004).  

The effect of logical thinking  

Logical thinking is related to Piagetian developmental level and it has been shown  to 

play an essential role in science learning.  

Selective related literature: Johnstone (1984); Johnstone and El-Banna (1986); 

Johnstone, Hogg, and Ziane (1993); Niaz (1988a, 1988b; 1989); Niaz and Logie 

(1993); Niaz, Saud de Nunez, and Ruiz de Pineda (2000);  Stamovlasis and Tsaparlis 

(2005); Tsaparlis (2005).   

The effect of developmental level on conceptual understanding and problem-solving 

ability has also been examined in the area of acid-base equilibria (Demerouti 

Kousathana, and Tsaparlis,  2004) and it was found to be connected with most cases 

of concept understanding and applications, but less so with situations involving 

complex conceptual situations and/or chemical calculations.   

The effect of mobility-fixity dimension  

Mobility-fixity is a neo-Piagetian cognitive style related to consistency or variation of 

functioning in field-dependent fashion. The effect of the mobility-fixity dimension 

was examined as a function of the type and the complexity of the problem, and it was 

found that in most cases the mobile subjects demonstrated higher mean achievement 

than the fixed subjects   

Selective related literature: Niaz (1989); Niaz, Saud de Nunez, and Ruiz de Pineda 

(2000); Stamovlasis et al. (2002).  

The effect of convergent-divergent thinking  

Convergent-divergent thinking is a construct related to creativity and it was proposed 

as a significant predictor of performance in science, while it is also related to art. It 

has been studied in relation to student understanding of chemistry (Danili & Reid, 

2006). In addition, by applying structural equation modeling in research assessing 

student understanding of the structure of matter and physical changes, such as 

melting, evaporation, boiling and condensation in terms of the particulate nature of 

matter, it was demonstrated that convergence/divergence thinking, along with other 
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predictors, had significant effects on student performance, and explained sufficiently 

student understanding of physical changes (Stamovlasis, Tsitsipis, & Papageorgiou, 

2012).  

  

THE NATURE AND COMPLEXITY OF THE PROBLEM, AND 

THE ASSESMENT FORMAT   

The effects of the individual differences under examination vary with the nature and 

complexity of the problem and under different assessment formats as well. Tsaparlis, 

Kousathana, and Niaz (1998) examined the effect on student performance of the 

manipulation of the logical structure (specified by the number of operative schemata 

entering the problem), as well as of the M-demand of chemical equilibrium problems. 

It was found that all cognitive variables were correlated with achievement only when 

the logical structure was fairly  

complex and even when the M-demand was relatively low. Working memory 

maintained some importance, while the developmental level played the dominant part. 

Note that the students had an extended practice with them (the ‘training effect’), so 

the problems were of the algorithmic type for the students.    

Overton and her colleagues have employed open-ended, ill-defined problems that use 

a real life, rich context, and require the application of HOCS (Overton & Potter, 2008, 

2011; St Clair-Thompson et al., 2012). A positive correlation between M-capacity and 

both algorithmic and open-ended problem solving was recorded, while a threshold 

effect was demonstrated, with students with relatively high scores only being able to 

succeed in open-ended problem solving.    

Danili and Reid (2006) explored high school pupils’ performance in chemistry in 

relation to different assessment formats. The results showed that the 

convergence/divergence cognitive style was correlated with pupil performance. The 

authors suggested that short-answer or open-ended questions favored divergent style 

pupils.  

  

METHODOLOGICAL ISSUES   

The ordinary approach in psychometric research is based on the general linear model, 

where there are a number of assumptions that have to be true in order for the proposed 

model to be valid. These are assumptions about normally distributed variables, 

homogeneous variances, and linear relationships existing among variables. Thus, any 

linear model proposed for student performance can capture only a linear component, 

ignoring any nonlinear relation existing between the predictors and the outcome. Even 

though, in most cases, the necessary assumptions are violated, the general linear 

model has been extensively used in social science, because, it, anyway, provides 

empirical evidence that supports the role of predictors.   

Note that in science education and general education, researchers have not used 

models to make predictions in the way that in other sciences, e.g. economics, is done). 

The reduced reliability of model coefficients provided by statistics is not an issue, 

because the main goal is to find statistically significant effects. In order to overcome 

the limitations that originate from statistical assumptions and to reinforce the findings, 

nonlinear methods were applied to psychometric research on problem solving in this 
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area (see section below).  

In addition to statistical assumptions and limitations, epistemological issues have been 

raised concerning the utilization of linear methods (Stamovlasis, 2010). Following a 

paradigm shift that has been realized in other social sciences (e.g. politics, economics, 

psychology, neuroscience, and brain science), some applications of  nonlinear 

methodology has appeared in the science education literature, demonstrating that a 

broad theoretical framework, such as the dynamical systems theory (NDS), can 

provide a better model and better interpretation of the data.   

  

APPLICATIONS OF NONLINEAR METHODS   

Given the methodological and epistemological limitations of linear methods, a 

number of investigations fostering the nonlinear framework have contributed to this 

area of research. A complexity theory model that incorporates concepts such as 

fractal dimension, order, entropy, studied the working memory overload hypothesis 

with the random walk method, and demonstrated nonlinear changes in student 

performance (Stamovlasis & Tsaparlis, 2001, 2003, 2005), observed as a phase 

transition in a one-dimensional system. The random-walk approach was also 

employed in a study that examined the effect of logical thinking, degree of  

field dependence/independence and the convergent/divergent dimension on student 

understanding of the structure of matter (Stamovlasis, Tsitsipis, & Papageorgiou, 

2010).  

Moreover students’ sudden changes in performormance or failure was modeled as 

discontinuity by applying catastrophe theory to a variety of problems. A cusp 

catastrophe model, implementing M-capacity as the asymmetry factor that is 

associated linearly with the outcome, and logical thinking and/or the degree of field 

dependence/independence as the bifurcation variable proved superior to the linear 

counterparts, and explained a large portion of student achievement variance 

(Stamovlasis, 2006, 2011). Bifurcation variables are those associated with 

nonlinearity, introducing uncertainty in the system, and thus are responsible for 

unexpected outcomes. In another work, the cusp catastrophe model was applied to 

non-algorithmic problem solving and provided a comprehensive explanation of 

student behavior, accounting for the nonlinear interaction of the mental resources that 

are involved in chemistry problem solving. In the latter, working memory capacity 

was the asymmetry factor and both logical thinking and the degree of field 

dependence/independence acted as bifurcation factors (Stamovlasis &Tsaparlis, 

2012).  

  

CONCLUSION AND IMPLICATIONS  

Findings from research on individual differences have important implications for 

teaching and learning. Teachers should be aware of the significant role of cognitive 

variables in learning chemistry and science, and in problem solving. Manipulation of 

bits of information for processing during teaching, along with controlling ‘noise’, 

might facilitate student understating and successful learning. In addition, knowing 

students’ limitations arising from their cognitive styles or logical thinking constraints 

is an asset for instructors and educators who are involved in textbook writing or 

curriculum design. Details about how to utilize in practice knowledge sourcing out of 
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educational research on cognitive variables are provided in the related literature 

(Danili & Reid, 2006; Stamovlasis & Tsaparlis, 2005).   

In conclusion, contemporary research has established the role psychometric variables 

play in problem solving and conceptual understanding, and has elucidated student 

difficulties, contributing so to a more effective chemistry and science education.  
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INTRODUCTION 

 

Strand 3 focuses on the relationship between pedagogical practice and students’ 

cognitive and affective development, and the research –informed design of learning 

and teaching.  The twenty-five papers, which comprise the Strand 3 section of the 

ESERA e-book, illustrate the emphasis of the research described in these papers on 

studying diverse classroom teaching processes.  

Most of these studies are based on data collected during teaching, with about half of 

them including video data as an essential part of their data collection methods; in 

addition, students’ written assignments, tests, and teacher interviews are also used. In 

other words, the data on teaching processes presented in the papers included in this 

section are mainly focused on classroom situations, which is not really surprising 

even if teaching processes cannot be reduced to them. 

The purposes of involving classrooms situations in studying science teaching 

processes are varied. Several papers deal with implementing and testing new teaching 

perspectives on specific content (i.e. magnetism, optics, chemical kinetics) or on 

scientific approaches (i.e. inquiry, uses of experiments, laboratory studies). In other 

terms, they deal with teaching processes as a function of teacher instructional 

strategies and classroom interactions.  Other papers are focused on characterizations 

of different types of teachers’ actions going from multimodality to ways of 

emphasizing different components of problem solving or inquiry. Furthermore, some 

papers examined teachers’ actions and student achievements as a means to gain 

deeper insight into science teaching processes. Another component of this set of 

papers deals with the implementation of teaching environments with a specific 

teaching orientation like inquiry. The use of video data raises methodological 

questions due to the richness of such data, with one of the papers in this section 

focusing on this issue.  

The papers in this strand also discuss the topic of professional development.  Some 

papers investigate pre-service teacher education, employing different methods that all 

include the observation of teaching practices; some also include video analysis of 

teaching sessions, lesson plans, student data, etc.  The studies relating to in-service 

teachers’ professional development draw from rich situations of classroom-based 

interactions to discuss dimensions of practice relating to teachers’ Pedagogical 

Content Knowledge (PCK), expert-novice differences, the connection between 

instructional representations, such as PowerPoint presentations and the teachers’ 

PCK, the use of computer-supported inquiry to reform pedagogy, etc. 

The 25 papers also indicate a rich diversity of contexts of implementation of learning 

and teaching.  The studies included cover different levels of education, ranging from 

elementary school to higher education. The studies were implemented in five different 

continents (Europe, Africa, Asia, Australia, South America), and represent a variety 

of cultural contexts and geographic locations (e.g. Argentina, Australia, Brazil, Czech 

Republic, Cyprus, France, Germany, Greece, Hong Kong, Lebanon, Norway, South 

Africa, U.K.).  The papers also represent a variety of academic subjects and scientific 

disciplines, including biology, chemistry, genetics, geology, physics and general 

science. 

Not all of the studies were conducted in formal or purely science education settings; 

for instance, one of the studies investigated science teaching practices at a hospital 
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setting, while a second study discussed students’ and parents’ perceptions of inquiry 

based science education.  Finally, a third study reports on the role of design and 

technology curricula in advancing conceptual understanding of science and 

mathematics.  These studies, thus, extend the view of teaching processes to include 

non-conventional settings of science learning. 

The compilation of papers included in this section of the E-book shows that this 

strand is very active.  This set of papers accentuates the need to investigate science 

teaching processes using a variety of methodological approaches, at different levels, 

and in different contexts.  The inclusion of video research as a means for 

understanding practice allows for a more holistic understanding of teaching and 

learning processes than what can be obtained through quantitative, experimental and 

pre-post designs alone.  The combination and supplementary of different 

methodological lenses and grain sizes of analysis can support a systematic analysis of 

science education practices with the goal of reforming learning and teaching. 

 

Andree Tiberghien and Eleni A. Kyza 
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PUPILS’ DISCUSSION TO UNDERSTAND MAGNETIC 

INTERACTIONS 

 

Stefano Vercellati and Marisa Michelini 

University of Udine, Department of Chemistry Physics and Environment, Udine, Italy 

 

Abstract: The construction process of the interpretative model provide by a particular 

group of 10 year old pupils to interpret the magnetic interaction was investigated in 

the framework of the CLOE lab. As a particular case study, the evolution of the group 

discussion was analyzed to identify: 1) the anchoring milestones taken from the 

phenomenological exploration; 2) the bridging reasoning that move pupils naïve 

models from a local to a global interpretation of the phenomena; 3) the 

argumentations and the feedback argumentations proposed to check, validate and 

(eventually) falsify the proposed models. Experimentation was performed using the 

typical approach of the CLOE labs by providing an informal environment in which 

pupils explore the phenomenology of the magnetic interaction by means of simple 

hands & minds-on experiments. The activity with pupils was divided in three phases. 

The first one was devoted to the creation of resonances between the pupils’ everyday 

experiences with (toy) magnets and the situations proposed. In the second phase, a 

series of small experiments realized with everyday materials was proposed to 

students: each experiment was related to a specific learning knot and it is introduced 

using an inquired based approach. In the third phase the, the discussion phase, pupils 

had to provide an explanatory exploration of the magnetic interactions seen. Data 

were collected during the discussion phase using audio recording and snapshots of the 

drawings done by the pupils to support their explanations. 

Keywords: physics, primary school, magnetism, CLOE laboratory 

 

THEORETICAL FRAMEWORK 

Magnetic phenomena are part of everyday life. Playing with magnetic toys and using 

everyday objects, pupils observe magnetic interactions, therefore pupils’ spontaneous 

models (Gilbert et al, 1998) are related to conceptual elements and reasoning on the 

problematic situations that they face during those spontaneous explorations (Viennot, 

2006). Previous researches (Ioannides & Vosnidou, 2001) showed that pupils’ mental 

models are coherent explanatory frameworks that have the forms of a theory although 

they differ from a scientific type of knowledge (Carey, 1985). The role of experiences 

in the construction of knowledge is pivotal (Jonassen, 1991; Duffy & Jonassen 1992), 

it is therefore necessary to design informal hands-on and minds-on workshop 

activities to involve students in the construction of their knowledge providing to 

pupils significant framework in which developed those models (Driver & Erickson, 

1983; Duit, 1991; McDermott & Redish, 1999). A specific Conceptual Laboratory of 

Experimental Exploration - CLOE - (Fedele et al, 2005) was developed with the aim 

to investigate the development of pupils’ mental models concerning magnetic 

phenomena. In accordance with the CLOE methodology the activities was set up in an 

informal context in which, starting from phenomenological explorations, anchors for 
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the construction of the first steps in the scientific knowledge was provided to the 

pupils and the peer cooperative learning is promoted (Santi, 1995).  

 

RATIONALE AND PURPOSE 

In the framework of the CLOE lab, the construction process of the interpretative 

model provides by a particular group of 10 years old pupils (last year of primary 

school) to interpret the magnetic interaction was investigated. The evolution of the 

reasoning of this group was analyzed in detail as a noteworthy case study. 

The focus of this research work was to investigate the pupils’ reasoning identifying: 

RQ1) the anchoring milestones taken from the phenomenological exploration adopted 

by them to ground the creation of the interpretative model;  

RQ2) the bridging reasoning that allow pupils to move from a local to a global 

interpretation of the phenomena;  

RQ3) the argumentation and the feedback argumentations proposed by the pupils of 

the group and the other pupils to check, to validate and (eventually) to provide 

falsification of models during the sharing of the pupils ideas.  

 

METHODS 

The experimentation was performed using the typical approach of the CLOE labs 

(Fedele et all, 2005) providing to 10 years old pupils an informal environment in 

which explore the phenomenology of the magnetic interactions by means of simple 

hands & minds on experiments. Activity with pupils was organized into three phases. 

The first one was dedicated to the creation of resonances between the pupils 

experiences of magnetic interaction they experimented in everyday life concerning 

magnets (sticky magnets on the fridge, magnetic toys…). In this way, pupils recall 

their naïve anchoring experience and contextualization for the situation that they will 

address. In the second phase, a series of small experiments realized with everyday 

materials was proposed to students: each experiment was related to a specific learning 

knot and proposed to students using an inquired based approach. Doing so, naïve 

elements of the pupils’ models will be stress posing them in front of new experimental 

situations that enlarge the set of the experiential background of the pupils. In the third 

phase the, the discussion phase, was requested to the pupils to discuss and provide an 

explanatory exploration of the magnetic interactions seen. 

 

DATA COLLECTION AND DATA ANALYSIS 

Data were collected during the activity using audio recording and snapshots of the 

drawing done by the pupils to sustain their explanations. The transcription of the 

audio-recorded discussions was analyzed in accordance with the way proposed by the 

grounded theory by means the coding of the pupils discussions. The main part of the 

final discussion with its coding is reported in Table 1. 
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Table 1  

Summary of the main part of the pupils discussion 
 

Id 

No. 

Transcription of the sentences and the related (main) 

actions done 

Coding 

1 A: If I considered a magnetic sphere, how will be its magnetic 

field? 

Initial problem 

2 B: the lines will start from its whole surface as a Sun with the 

sunrays; I have no more two main point from which the lines start, 

as for the bar magnet. 

 

3 C: The sphere has no sides, so there cannot be poles: which side is 

the one from which they had to start? 

Collection of early 

hypothesis 

4 C: But, why the [bar] magnet has two poles?  

5 R: Did you try to break one bar magnet? What will happen if I 

brake a spherical magnet? Where are the poles of the sphere? 

 

6 [Small group discussion and collection of hypothesis. The two 

more interesting for the discussion are the following] 

 

7 1) I: [she coloured two opposite spherical caps leaving a blank 

space between them] it is not fully coloured because if we break it 

in the middle we have two opposite poles. We cannot colour in the 

middle, is as it is iron there. 

Collection of 

hypothesis after 

group work 

8 2) D: It is a sphere, not a circle. If I have a N on the side, I have 

an S on the other side, but also if I have a N in the front, I have a S 

in the back.  

 

9 I: But if it is valid for all of the point, how is the border of the N 

and the S? 

First comparison 

between the two 

hypothesis on the de 

discrepancies 

between them 

10 D: No, they are not connected, to every point N correspond a S, 

here, here, here… 

 

11 I: …and also here! [indicating one N placed between the S]  

12 D: Wait a moment. Yes they are mixed. Improvement of the 

proposed model 

13 I: But so I have no N and S. I have so a piece of iron. Highlighting of an 

incoherence in the 

model 

14 D: No, it is a magnet, but I have not N and S.  

15 R: But if there are no N and S, could it be called “a magnet”?  

16 D: But it has N and S. Reinforcement of the 

critic 

17 I: But you just said that they haven’t!  

18 D: It is complicated… there are several N and S; they are as tiny 

cells. 

 

19 I: And the magnets? They are not small cells! If I place a magnet 

near the sphere, what happens? Is it attracted? 

Proposal of a 

challenging situation 

20 D: Yes  

21 I: How do you know it?! There are N and S mixed, it is both 

attracted and repelled. 

 

22 G: We have to think about to cells as constitute by one N and one  
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S, not only constitute by single one S and N. 

23 D: So, every single cell is N and S. What happens when I will 

approach the magnet? Will it break down? No, it is not a magnet; 

it is made of the same material of the magnet but it has not the 

functions of the magnets. Yes, right. Indeed it is not a magnet. 

A (wanted) non sense 

situation is proposed 

24 I: I do not agree… if I take a magnet and I cut from it a sphere. It 

must be a magnet because it was taken from a magnet. 

 

25 D: Yes, it is the same material, but I have not been the same force 

because existing billions of N and S. 

 

26 I: but also in the magnet I had to have billions of S and N.  

27 R: …and if I cut a bar from a sphere, will I obtain a magnet? A (wanted) non sense 

situation is proposed 

28 I: In accordance with your ideas, yes!  

29 D: Wait, my reasoning is based on this: in the case of the sphere 

you cannot said which is the half because, if you rotate it, you can 

found another half; in the case of the bar, you cannot find another 

half. 

Improvement of the 

model 

30 I: …but so, if you cut a piece of iron, you will obtain a magnet? If 

everything is made of micro-cells, is not possible that cutting it the 

cells will change becoming all S or N. 

 

31 D: If you can find the half, you could have N and S. A (wanted) non sense 

situation is proposed 

32 I: In addition, if there are several N near one each other, the 

sphere will brake down.  

 

33 K: Exactly as when the magnets fall! Recalling of an 

experimental proof to 

support the model 

34 D: Wait. We can say that: Something has a N and a S pole when 

there is an objective half. The half of a rectangle is one and only 

one. The sphere, instead, has infinite halves. 

 

35 R:   But you can cut a rectangle in objective halves in two ways. Highlighting of an 

incoherence into the 

model 

36 D: [repeat the same argumentation, changing the position of the 

poles] 

 

37 I: I’m not sure. I also agree that the sphere is not a magnet, but his 

explanation is not correct. 

Experimental proof 

against the model 

38 G: you said that there are several N and S on the sphere and so 

the magnet will not stick, but look! [he show a magnet and an iron 

ball stick together] 

 

39 D: But that sphere is not made of magnetic material! Give me a 

magnetic ball and then we can talk. 

 

40 I: The metal of the ball and of the magnet is the same! And they 

stick together! 

 

41 D: Ooooohhhh! The magnet are done so and they have N and S 

[he draw the magnet representing the magnetic cells] 

 

42 R: Could you draw also the sphere with its magnetic cells? What is 

the difference between the sphere and the magnet? 

Proposing of a 

challenging situation 

43 H: In the magnet, the cells are ordered. In the sphere, no. Improvement of the 

model 

44 R: …and what happens to cells when magnet and sphere stick 

together? 
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45 K: The cells must move inside the sphere!   

46 I: But if they move the shape of the sphere changes!  

47 [Then role play in which the pupils do the magnetic cells of the 

sphere and the teachers is the magnet and discussion on the 

distribution of cells in object having strange shapes] 

 

 

Exploring the new proposed phenomenology, pupils individuate some key 

experiments as anchoring experience which discussion constituted the ground for the 

construction of the new interpretative model. Such experimental situations are the 

interaction between floating magnets, the observation of the pattern assumed by iron 

filling placed near a magnet, and the use of the compass as an explorer of the 

magnetic properties. But, many all over the other experiments, for the particular 

considered group of pupils, the key experiment was the observation of broken 

magnets. This observation became the pivotal experience around with the pupils 

argumentations rotates to create an explanatory model passed on pupils’ hypothesis of 

the inner structure of the magnet.  Starting from this experiment, one of the pupils 

developed the idea of the existence of “magnetic cells” inside the magnets that 

reacting to the presence of other magnets to rearrange themselves in a way in which 

they could explain the observed interaction (cf. Fig. 1).  

 

 

Figure 1. A pupil represent her model at the blackboard 

 

The early version of this model was provided first by locating the magnetic cells near 

the poles in relation of the magnets. Then, starting from the critics of another pupil the 

problem of the identification of the zone in which those cells are located was arisen 

(i.e. is it true that all the magnetic cells are near the poles?). The first try was to look 

at the symmetry of the magnet shape (“a magnetic bar has an objective symmetry and 

so the poles are located at the ends of the bar; a sphere has not an objective symmetry 

– I have all the possible symmetry – so it has no poles”) (cf. Fig.2).  
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Figure 2. Pupils’ drawings concerning the relation between shape of a body and 

location of its poles.  

 

Those allow pupils to move their attention out of the research of a correlation between 

the shape symmetries of the objects and the distribution of the magnetic cells. Then, 

the analysis of the strange shaped objects allows them to assure the need of spreading 

the cells in the whole object. Therefore it arises an interesting discussion as concern 

the interaction between the ratable magnetic cells inside the magnets that allow pupils 

to provide also an explanatory structure of the magnet and ferromagnetic materials 

able to interpret the magnetostatic interactions observed between them (cf. Fig.3). 

 

 

Figure 3. Pupils’ analysis of poled distributions in a strange-shaped object.  

 

DISCUSSION AND IMPLICATIONS 

The CLOE labs activity allow to follow the pupils reasoning individuating the core 

elements of their reasoning the pupils path of thinking individuating milestone 

situation, bridging reasoning and crucial discussion that allow this particular group of 

pupils to developed an explanatory model of the magnetic interaction by mean the 

creation of an hypothetical inner structure of magnets and ferromagnets. 
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The experiment of the broken magnet is the main anchor experiment for the 

development in a coherent way of the model proposed by the students. But this 

development is supported by the recalling of experiment (both in favor or against the 

proposed model) as the interaction magnet-ferromagnet, magnet-magnet and the 

droving observation of the distribution of the iron filling around the bar magnet. 

The main reasoning that drove the development of the model were: the adaptation of 

the model based on the magnetic cells based on the properties of symmetries of the 

objects and the experimental results observed. 

 The feedback argumentation was characterized by a strong logic rigorous and the 

presence of different type of intervention: highlighting of incoherence in the model, 

recalling of experimental results, proposition of challenging situations for the model 

and comparative argumentation between those models.  
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Abstract: The aim of this paper is to provide a preliminary insight into the use of a novel 

method of discovery instruction at degree level chemistry. The fundamental principle in 

instruction strategy was to provide minimal guidance to students with the intention of 

improving their autonomy. To do so, students only received feedback to their questions 

through online discussion board and they were not provided with any more guidance during 

the module. The approach used replaced traditional lectures with an intervention consisting of 

an individual learning package, including an interactive booklet, an online discussion board 

and a range of other activities designed to increase the level of student autonomy. The topic 

focus was a first year module on polymer chemistry. The sample involved the whole first year 

cohort, consisted of 176 undergraduate students. In order to evaluate the students’ level of 

conceptual understanding, a diagnostic test was developed and administered to the whole 

sample prior to and after the intervention.  Further information on student’s views of the 

teaching approach was collected using a mixture of open-ended questionnaires, and one-to-

one or group interviews, involving sub-sample of 24 students after they have completed the 

module. Preliminary findings suggest that the minimal guidance in teaching chemistry at 

tertiary level is not an effective instruction approach in terms of improving students’ 

conceptual understanding of key concepts.  However, the majority of students argue that they 

have improved a variety of skills with the help of the teaching approach. 

Keywords: higher education, chemistry education, minimally guided instruction, conceptual 

understanding, and skill development 

 

INTRODUCTION 

This research study focuses on a novel teaching approach designed to teach polymer 

chemistry at university level. Educators apply new teaching approaches as they believe, in 

their personal teaching philosophy, that the new teaching approach applied is likely to be 

more effective than the other teaching approaches. Unfortunately, many educational 

approaches which are being used by teachers are not evidence-based approaches, as distinct 

from many medical or engineering approaches. In particular, approaches which involve 

technology, IT or any kind of novelty in teaching and learning tend to be regarded as good 

approaches before subjected to rigorous evaluation.  

Moreover, although scientists pay attention to solid data and sound theories in their scientific 

work, it could be argued that they seem to pay less attention to empirical and theoretical 

approaches related to their teaching practices. This points to the need for rigorous research 

into the impact of novel approaches in teaching and learning in order to improve the teaching 

experience of students at tertiary level education. 

The most common recent practice in education domain for investigation of teaching 

approaches is to create experimental research designs in order to compare them with more 
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traditional instruction strategies. However, the comparison of instructional strategies which 

have been created in different theoretical frameworks is an extremely complex process for 

various reasons and conclusions drawn from those studies can be quite deceptive. Hence, each 

suggestion should be addressed and assessed in its own context with its own aims and 

outcomes which can lead to more productive results than searching for an ultimate superiority 

of one method over another. This research study is set to investigate principles of specific 

instruction method in its own context with its own expected learning outcomes.  

 

LITERATURE REVIEW 

The teaching approach investigated in the study reported here has number of aims, of which 

the most central is to improve students’ autonomy and their subject specific skills. The 

capability of being able to manage one’s own learning was always seen as an essential aim of 

education. Carl Rogers (1969) described the educated man as the man who has “learned how 

to learn” himself. 

In a similar vein, Paris (1998) has claimed that being the decision-maker in terms of nature 

and the pace of learning is a fundamental requirement of motivation in science, as well as 

collaboration and challenge. However, science faculties have been blamed for lecturers 

having a tendency to teach in a way that they themselves have been taught, and resisting any 

change (Alters & Nelson, 2002).  

Wallace (1996) concluded that increased student autonomy and letting students have control 

over their learning can lead to a rise in students’ engagement. An enhanced role for personal 

autonomy is also desired by students (Osborne & Collins, 2000). Possibly, the most common 

practice in improving students’ autonomy in education is discovery instruction strategies. The 

discovery-based approach can be defined as an instruction strategy in which unassisted 

learners are required to construct or discover their own solutions to problems or ways to 

accomplish a task, and support is usually provided when educators have independent evidence 

that the learners cannot perform the task or achieve the goal unaided.  

The effects of variations in discovery instruction on learning have been reviewed in a 

combination of laboratory and field-based studies by Mayer (2004) by Kirschner, Sweller and 

Clark, (2006) and by Sweller, Kirschner and Clark, (2007). In his comprehensive review, 

Mayer (2004) discussed research reviews on the discovery of problem-solving rules 

culminating in the 1960s, the discovery of conservation strategies culminating in the 1970s, 

and the discovery of LOGO programming strategies culminating in the 1980s, and concluded 

that guidance-based instruction methods are more effective than discovery-based instruction 

methods in helping students to learn and to transfer. He also stated that within discovery-

based strategies, guided discovery methods are more effective instruction strategies than 

unguided discovery methods. Kirschner, Sweller and Clark (2006; 2007) similarly defended 

the idea that although unguided or minimally-guided discovery instruction approaches are 

very popular and intuitively appealing, evidence from empirical studies over the past half-

century consistently indicates that discovery instruction is less effective and less efficient than 

instructional approaches which place a strong emphasis on guidance of the student learning 

process. They also claimed that discovery learning approaches basically ignore the research 

studies on the structures that constitute human cognitive architecture. All three of these 

reviews presented empirical evidence from prior research studies that had investigated the 

effects of variations in guidance on learning and concluded the superiority of direct 

instructional strategies over discovery-based instruction strategies (Gagne & Brown, 1961; 
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Kittel, 1957; Shulman & Keisler, 1966; Brainerd, & Brainerd, 1972; Dalbey & Linn, 1985; 

Fay & Mayer, 1994, Moreno, 2004; Tuovinen & Sweller, 1999). 

As discussed above, there have been many research studies which have attempted to compare 

discovery-oriented instruction approaches such as inquiry-based teaching, problem-based 

teaching or discovery teaching with more direct instruction approaches such as traditional 

lecturing, transmission teaching and cognitive task analysis instruction in experimental 

research settings. However, after comparing the test results of discovery instruction methods 

with those of direct instruction strategies, researchers usually reach the conclusion that one 

group of students performed better in those particular implementations. Drawing from this 

conclusion, they tend to generalize their findings to the relative superiority of one instruction 

strategy over the other. Usually, however, these research designs do not generate enough 

evidence for researchers to make generalizable claims about causes. In such cases, there are 

too many different variables in play to make valid inferences about which factors are 

responsible for the differences. As a result, a great deal of evidence presented in support of 

both discovery-based instruction approaches and direct instruction approaches, is subject to 

critique. Hence, in this current research study, the instruction strategy employed was not set to 

be compared with other instruction strategies in experimental research designs. The 

instruction strategy employed here is investigated in its own context with its own aims and 

objectives in order to reveal its merits and drawbacks. 

 

METHODOLOGY 

First, for the investigation of students’ understanding of key concepts in polymer chemistry, 

pre- post-test questionnaires were employed. To assess levels of students’ understanding of 

key ideas about polymer chemistry, the diagnostic questions were devised by the researcher in 

collaboration with professionals in the domain. 176 first year undergraduate chemistry 

students completed the same questionnaire before and after completing the intervention 

module.  

First, in order to monitor general differences in students’ responses, a paired-sample t-test was 

used. The students’ responses were first coded according to the coding chart prepared and 

then enumerated in order to be transferred to the SPSS programme. With the help of the 

programme, differences between their pre-intervention and post-intervention responses were 

compared using a paired-sample t-test at the 0.05 level of significance. If the p value is 

smaller than 0.05, there is a very strong likelihood that an external influence has caused the 

result, as it is very unlikely that the result was produced by chance alone. The main external 

influence in this research study that might cause such results was expected to be the 

instruction strategy of the macromolecules module, although it would not be realistic to claim 

that the results were produced by the macromolecules module itself alone. 

The second test that was applied to report the results was a chi-square calculation, and this 

was also calculated at the 0.05 significance level. After the completion of the module, if 

meaningful learning has occurred, the expected change will be in favour of the answers 

including fewer or no signs of misunderstanding compared with the pre-intervention results. 

Students who responded in the first survey by revealing a misunderstanding of an idea may 

have learned something during the macromolecules module which leads them to respond 

differently to the second questionnaire. 
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The second focus of the research study required analysing students’ view of their chemistry 

modules in the course as a whole. Two types of data were gathered. First of all, to collect data 

about the students’ preferences for different chemistry modules and the ways that they have 

been taught, a descriptive questionnaire was developed. 176 first year undergraduate 

chemistry students completed the questionnaire after the intervention. Following the 

descriptive questionnaire, and to add depth to the data, interviews were held with students. As 

expected, three groups of student views emerged after the analysis of the descriptive 

questionnaire, namely, students who found the teaching approach enjoyable and helpful in 

terms of developing their knowledge and understanding of chemistry (74 students, 42%), 

students who found the teaching approach either enjoyable or helpful in terms of developing 

their knowledge and understanding of chemistry (88 students, 50%), and students who found 

the teaching approach neither enjoyable nor helpful in terms of developing their knowledge 

and understanding of chemistry (14 students, 8%). Interviews were held in order to probe 

students’ view of the teaching approach and the chemistry teaching at tertiary level in general. 

24 first year undergraduate chemistry students were selected from three groups, six personal 

interviews with two representatives of each group and six focus group interviews were 

undertaken with mixed groups of three students.  

 

FINDINGS 

In order to analyse the pre- and post- intervention results of the diagnostic questions, paired 

samples t-test (p < .05) was employed. Analysis shows that the students’ responses to the 

diagnostic questions, which aim to measure changes in students’ understanding of key 

concepts in polymers, were not significantly different before and after the intervention of the 

instruction strategy. This suggests that students’ understanding of key concepts in polymer 

chemistry has not been significantly developed during the macromolecules module. Another 

important result from the questionnaires was that, for the majority of questions, the number of 

answers with a sign of misunderstanding of concepts has not changed significantly at post-

intervention when compared with pre-intervention. Moreover, in one particular question, the 

number of answers with a sign of misunderstanding of concepts has increased significantly. 

A further interesting finding from the questionnaires was that, it seemed some common 

misconceptions in children’s ideas remained with students through to their tertiary-level 

education. For instance, the misconception of “burning always decreases the mass of a 

material” was written by some students in their explanations. That could easily be used as a 

supportive argument for the robust structure of misconceptions. 

In terms of students’ views of the module, many students particularly enjoyed the independent 

learning approach, and some students thought it had particularly helped them to develop their 

understanding of chemistry concepts. An interesting point to consider in the results of the 

descriptive questionnaire was that modules that were particularly enjoyed differed from the 

modules that students considered the most helpful in developing their understanding of 

chemical concepts. This may be explained by many students having preferences for particular 

lecturers, rather than particular teaching approaches.  

Although during the interviews the majority of students (19 out of 24), claimed that they have 

improved their independent learning skills, almost none of them was able to exemplify a 

change in his/her studying habits.  
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CONCLUSIONS AND DISCUSSION 

The results of this study suggest that guidance in discovery instruction strategies is not a 

luxury but a necessity for developing conceptual understanding of future chemists. Minimally 

guided discovery instruction strategies do not contribute to students’ knowledge and 

understanding of ideas, moreover they might actually lead to an increase in students’ 

misunderstandings. Although the students in this study were only from one chemistry 

department in the UK, the findings of the present study might provide some clues about the 

quality of students’ learning in similar chemistry instruction strategies. 

The results of this research study also suggest that minimal guidance in discovery instruction 

approaches does not seem to work for the improvement of self-assessment and the ability to 

transfer knowledge to different contexts. It is not an effective approach to treat students’ 

misunderstandings, as in some cases it may lead to worse results.  

Students seem to appreciate creativity and novelty in their modules. Interview results 

explicitly show that even the unfavourable opinion holder students reported that they had 

enjoyed changing their studying routine. However, students’ self-assessment of their 

improvement appears to be hugely different from the results of the pre-test, post-test 

comparison.  

It was discussed in the literature review that a great deal of evidence presented in support of 

both discovery-based instruction approaches and direct instruction approaches, is subject to 

critique because they assess instruction strategies in experimental design studies. In this 

research study we have examined the impact of a discovery instruction strategy in its own 

context and its findings show similar results with the recent literature reviews on the topic 

(Mayer, 2004; Kirschner, Sweller and Clark, 2006). 
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Abstract: The role of professionals in education takes place in hospital settings in Brazil since 

the fifties. Currently, many researches are being carried on the pedagogical practices 

undertaken in these environments, particularly in the area of teaching hospitals. However, 

considering Science Teaching research on hospitals there is almost none work on planning 

lessons activity. Unlike the context of mainstream schools, the planning in the context of 

hospital schools no longer drive and gain new meanings through the demand of students who 

attend the hospital school. The teacher's planning in this context is not just the action to 

prepare lesson plans, but is a constant negotiation with students on the contents to be taught. 

Therefore, this paper aims to analyze the organization of educational activity in the context of 

a hospital school and its implications for the redefinition of planning a lesson. Activity 

Theory is used as theoretical basis driving the analytical tools of teaching and planning 

activities. The choice and application of this instrument is justified by its focus on human 

development in the social, cultural and historical dimensions, in which individual action 

acquires meaning through the relationships established in the collective activity. This work is 

a case study of a school hospital in the city of São Paulo (Brazil). Data was carried out 

interviewing teachers who have worked at the hospital school. As result we evidenced the 

complexity that involves teachers' performance in this context, specifically when we have a 

closer look to the teacher’s planning activity. In this context, planning could not be considered 

something previously organized, developed until its execution, and become another 

continuous action of teaching activity. 

Keywords: Activity Theory, Planning, Hospital School, Science teaching.  

 

INTRODUCTION 

In the middle of the 20
th

 century researches developed in Canada, England and United States 

started to portray prominently the concern with the hospitalized children's psychological 

development. Beverly (1936) and Spitz (1945) (apud Fonseca & Ceccim, 1999) demonstrated 

that children’s internment period, even short or long, results serious problems for internet first 

childhood children's growth and cognitive development.  

Later, in the end of the 1960’s decade studies were published contributing to modify the way 

children were treated during the internment period. Even more, those investigations generated 

propositions and interest on the hospitalized children care humanization, increasing the 

importance of the family visits during the internment period, the adaptation of the ambient 

space for the infantile service and implementation of educational activities (Fonseca & 

Ceccim, 1999, p. 25).  

Considering the Brazilian context, educators actuation in hospitals began in the 1950’s 

(Fonseca, 1999). However, only in the beginning of 1990’s the discussion about hospital 

classes and its regular legislation take place in Brazil (Conselho Nacional dos Direitos da 

Criança e do Adolescente, 1995), mainly in function of the promulgation of the Child's and 

Strand 3 Science teaching processes

470



Adolescent’s statute (Ministério da Ação Social, 2004) that assures the constitutional right to 

the education.  

In the year 2002, the document “Hospital and Home Pedagogic Service - Strategies and 

Orientations” (Ministério da Educação, 2002) was published by the Ministry of Education and 

Sport assuring the educational attendance of children, youths and adults stayed away from 

regular school due long term disease. Then, the hospital schools have the responsibility to 

maintain student's bond with the regular school through flexible and/or adapted curriculum 

guaranteeing the student's entrance, return or reintegration to the regular school (Brazil, 2002, 

p.13). On the other hand, the lack of researches is verified investigating physics teaching in 

these places. Worst is the problem when we specifically consider how teachers plan their 

courses or classes.  

In general, when we considering the planning in education activities, we do not think it as a 

continuous decision making process of future actions. Counter clockwise planning typically is 

understood as the final step before execution. 

The continuous dynamic characteristic of planning clearly rises up at hospital schools. In that 

sense, the teachers' performance in these situation evidences the online planning (Tavares, 

Dalri, Rodrigues, & Mattos, 2009). The online planning demands teacher and student base 

their interaction in a mutual perception of the ongoing situation at hospital. This is our main 

object of investigation in this work. 

Taking account this preliminary panorama, the present work aim to identify the organizing 

elements of the physics teachers class planning in the peculiar context of a hospital school. 

We deal with this case study, investigating how Physics teachers of the Mobile 

School/Specific Student (EMAE for short) made up their planning. The school is installed, 

since 2002, in the Oncologic Paediatric Institute (IOP-GRAACC), attached to the Federal 

University of Medicine of São Paulo (Brazil).  

We are based on Activity Theory framework developed by Leontiev (2009/1978), and later by 

Engeström (2001). Activity theory was casted because with this framework it is possible to 

propose a model of human activity in which the educational activity can be represented by a 

hierarchical coordinated group of collective activities.  

 

Theoretical background and research question 

The Activity Theory was born at the old Soviet Union with the works of Vygotsky, Luria and 

Leontiev. These researchers looked for a socio-cultural-historic psychology, based on the 

Marxist philosophy (Duarte, 2002). In their works, Leontiev (2009/1977) defines the term 

activity in the following way:  

“Activity is a molar, not an additive unit of the life of the physical, material subject. In a 

narrower sense, that is, at the psychological level, it is a unit of life, mediated by psychic 

reflection, the real function of which is that it orients the subject in the objective world. In 

other words, activity is not a reaction and not a totality of reactions but a system that has 

structure, its own internal transitions and transformations, its own development.” (p. 88) 

Differently of the animal activity, in the human activity the direct relationship between the 

object and motive of the activity stops existing. In that way, a new complex structure of 

activities appears, established when the man started to live in society, with his/her consequent 

division of the work. In Leontiev’s (2009/1978) classic example of the collective hunt activity 

of a primitive group of human beings, he exemplifies the complexification of the human 

activity structure through the differentiation between activity and action.  
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In the example, the human activity is composed by several coordinated actions accomplished 

by different individuals of the group. Among the actions is the production of artefacts that 

will be used during the hunt, to ascend and to preserve the fire to roast the meat of the hunted 

animal. The group could be divided in different categories. One of them could be the prey-

waiters that would be waiting the prey in a pre-defined place. The second could be the 

beaters, responsible of previously frightening the hunt to the prey-waiters, in way to corner 

the animal and finally abate it. The necessary execution means to accomplish the action are 

called operations that depend of the conditions to achieve an end of an action. To the beater, 

the act of to run screaming and making noises are the operations that constitute the action of 

to frighten the animals. Then, the connections between subject's action (beater) and the 

motive of the activity are the socially constituted relationships between him and the group 

remaining. That means that the subject's action only gets meaning when he understands the 

relationship among the object of his action and the motive that it permeates whole activity.  

In that sense, Vygotsky’ work was developed by Leontiev that introduced activity as the unity 

of analysis. From the 1970’s this perspective was enlarged by Engeström that used activity as 

a system of activities, expanding Theory of the Activity. He carried out an exam of the 

systems of activities in the collective macro level instead a personal or individual agent 

operating with the tools (Daniels, 2003, p.118). To deal with level of analysis Engeström 

introduced in the core of human activity the interrelations between individual and community 

through the insertion of rules (explicit or implicit rules), of a community (subjects that share 

the same object) and of the division of labour (community's organization form that allows to 

reach a objective), besides the meditational tools, subject and object.  

Engeström’s (2001) model points out the importance of the concept of internal contradiction 

as main characteristics that allows the transformation of the activities. Contradictions are 

driving forces among hierarchical levels of the human systems of activity. These 

contradictions generate dilemmas and conflicts mobilizing the activity transformation 

(Engeström & Sannino, 2010). Considering the educational activity at the hospital school, 

contradictions were analyzed because EMAE constitutes a system of activities (student’s 

family, hospital and origin school) that are characterized by their particularities and different 

motives and ends established in the negotiation of the subjects’ interactions in his ambient.  

Considering the theoretical framework our questions are: How do science teacher teaches at 

EMAE? How classes planning are made up in order to achieve the objective of the Science 

Teaching Activity? What is Science teaching for those teachers? 

 

Methodology of research 

This work is part of a bigger one where we are exploring comparisons between hospital 

science classes and regular science classes. Considering specifically the subject of Science it 

is very clear that the axiological dimension (Why do we teach Science? What is Science for?) 

get an enormous importance in an ambient like the Oncologic Paediatric Institute.  

Data was obtained to support this research. We started negotiating an ethical agreement with 

Hospital’s Ethical Commission that allowed us to interview teachers and to make no video 

recording of students. We used a legal procedure to collect interviews data signing a consent 

form were all teachers were informed about the degree of confidentiality and the restricted 

public use of the recordings. This document has also the objective to inform the participants 

of the research to which institution the researcher belongs, the title of the work, the objectives 

and ends of the research, evidencing that his/her participation would be voluntary and that 

their personal data will be maintained in secrecy.  
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Semi-structured interviews were carried out with Physics and Biology teachers, who gave 

classes at EMAE. We transcripted all audio-recorded interviews made. We used Bakhtin 

(2006) as reference to interpret data, considering that uttering in context is the most basic 

content of the human conscience. However the uttering is not seen as an individual action, but 

as fruit of social dialogical tensions. To utter man need to be socially organized, sharing a 

social dynamics (Bakhtin, 2006). To Leontiev (2009/1978) conscience is coupled to language 

through mediation that also connects language to social dynamics - Activity. These 

interaction fields emerge on human activity been one of the main objects of Activity Theory.  

To assess the ways teachers taught at EMAE we elected from hospital school database a set of 

science teachers that had taught there from 2001 to 2009. We contact those teachers casting 

16 from Physics, Chemistry and, Biology areas, but from those, the final sample consisted by 

nine physics teachers and a biology teacher. 

 

 

RESULTS 

In this work we choose some hierarchical levels of the general structure of the hospital 

activity. This activity is composed by different coordinated actions, with specific ends, which 

are composed by different operations defined by the conditions of work. When we consider 

hospital school activity as our unity of analysis, we could understand that EMAE’s activity 

emerges from other coordinated activities, for instance, the family activity objectifying to care 

their son, the regular school activity (original school of the patient) objectifying students 

general education, and, dialectally, the hospital activity objectifying the cure of the patients. 

This coordination among different activities exposes numerous possible hierarchical levels, 

different forms of coordination of activities, actions and operations, which emerge in new 

hierarchical levels – complex system of activities.  

Evidently, to consider all possible connection among those hierarchical levels in the analysis 

it is not an easy task, if not impossible. Therefore, in this work we made a cutting in this 

complex system, considering the part concerning teacher's activity, more specifically, science 

teacher activity. In that sense, the teacher's activity is constituted of several actions and 

operations coordinated amongst themselves, among them the action of planning.  

Then, the analysis will be constituted of distinct moments. First, we will present the 

characteristics and peculiarities of the hospital school context and, subsequently we will 

present some excerpts of teachers’ interviews, with the objective of identifying the elements 

that helped teachers planning classes.  

 

Data Analysis  

Characteristics and peculiarities of the hospital school  

EMAE does not possess the characteristics of a conventional school. EMAE is submerged in 

a complex context, because teaching-learning activities happen in an atmosphere adapted to 

the appropriate student-patient conditions. That complexity is accentuated by the fact students 

are submitted to oncologic treatment, which is physical and psychological highly aggressive.  

Due the long term treatment highly demands from patient, several of them interrupt their 

school life (Marchesan, 2007). EMAE have the objective to prevent the exclusion and the 

school failure, as a form of social reintegration and child’s and adolescent’s self valorisation, 

to offer conditions for the child to better understand his/her situation and condition, to recover 
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abilities and basic contents, aiming to adapt the children to his/her school year origin as soon 

as possible and to maintain the bond with the child's routine since the school was part of 

his/her daily universe and the school relationships were the space where she grew (Covic, 

2003).  

During project conception, where coordinators intent to insert the educational activity in the 

treatment of the student-patient integrating to other parts of the treatment, it was noticed that 

the students' attendance should be done individually. They verified that each child/adolescent 

possesses individual characteristics and peculiarities, since micro-cultural differences as 

neighbourhoods, cities or states, to different life styles and school experiences considering the 

treatment (Covic, 2003).  

Therefore, the places and situations teachers teach vary a lot at EMAE. Among them the 

chemotherapy rooms, the playground, the internment rooms, the entrance lobby, BMT (Bone 

Marrow Transplant) rooms, in other words, in almost all spaces at the hospital.  

The classes are registered in the school database and they are also filed in individualized 

student-patient archive. At the end of the class teacher registers the contents presented, how 

student-patient evolve during the class and all relevant events he understand necessary to 

register. These files inform other teachers about the teaching-learning process of student-

patients (Covic, 2003). These files are posteriously sent to the regular school of the student-

patient.  

The registration process was organized by volunteers working at EMAE. Besides this 

function volunteers was responsible other bureaucratic works such as the registration of new 

students and the first contact with the regular schools.  

The student-patient files have a report with the evaluations that serves at official document to 

be used by the regular school to decide on the student school year approval. 

After the period of the classes teachers have daily meetings with the coordination of EMAE. 

During these meetings teachers comment on and discuss about the difficulties and doubts 

found during the classes, and they also discuss about the contents taught to end reviewing the 

activities done during the day. 

In addition to daily meetings, the hospital school implemented a formative and intervention 

teacher training course focusing hospital pedagogy. The project aimed to train teachers to deal 

appropriately with hospital classes (IOP-GRAACC, 2008). Teachers attended lectures and 

seminars on issues involving professionals working in the hospital - doctors, psychologists, 

social workers - and Education professionals - pedagogy teachers, mathematics, curriculum 

researchers etc. 

 

The Activity to teach Physics at the hospital school and the action of planning  

Starting from the aspects we presented, some elements of the structure of the activity could be 

pointed out. The activity of teaching physics in the hospital class is shaped by a diversity of 

actions, each one with its particular end guiding them. One of them is the action of planning 

the physics class that has as end to foreseen how class will be. Likewise we can still say that 

this action is formed by several operations.  

At the hospital school, the contents and tasks that will be used during the classes are defined 

just on the beginning of each class. Even decides contents and tasks, teacher's planning is 

constantly negotiated with the student-patient and with other hospital agents, as we can read 

on this teacher’s report:  
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“With time I was learning about the students, I didn’t go there just being her teacher, after all 

I got a certain intimacy and [begun] to talk as friend: ‘hi, everything fine? How are you 

going?’ I was discovering from where they come from, what they liked to do, what they 

didn’t like to do, this that was nice for them. Then I begun to create a space for them to say, ‘I 

am not enjoying the class’ or ‘I am not understanding…’. Then I was trying ways that they 

feel free to criticize my class, to speak ‘I do not understand anything than you talking about’. 

Then I could try to find another way, until they express they have been understood a little 

better.” (Lucas)  

Knowing the student-patient more intimately is a characteristic of the hospital school context. 

This informal conversation with the student is an operation that is part of the action of 

planning, witch for your turn is inserted in the activity of teaching physics at the hospital 

school. In other words, the casual dialogue with the student and the initiation of a more 

intimate relationship - to obtain information about the student, his/her origin, their tastes - 

facilitates the planning for the next encounter with the student. Another function of this kind 

of approach is give instruments to the necessary teachers’ flexible adaptation to articulate 

different specific contents sent by the dozen different regular schools.  

Another operation of the planning action is to verify the student's information file seeking, 

moments before the class, information on the contents to other teachers had already taught, is 

in this case, an operation of the action of drifting of the teacher.  

“When I began [at EMAE], I gave a class that someone had already given. Not always I 

consulted [the students' files], I used to ask students at the beginning of the class. It didn't 

consult because I thought it was just take the textbook and everything will be okay. But then, 

you leave the [daily] meeting and you discover that two other people gave class to him. Then 

I began to consult the file.” (Matheus)  

Considering the teacher’s report, to look for information in the files about the contents already 

developed didn’t part of his/her initial planning, even if he was conscious that he could do. In 

other words, students’ files verification was still in the level of actions composing the most 

general activity of teaching at the hospital school. Only after sharing information during the 

daily meetings, with other teachers and coordinators, Matheus linked the object of his/her 

action with the reason that permeates the activity as a whole. In that sense, the teacher 

reorganized his activity of teaching physics, and the students’ file verification that before was 

in the level of the actions became an operation of the action of planning.  

Let us pay more attention on the daily meetings that happen after EMAES activities were 

finished. In general, interviewed teachers tell that these meetings are fundamental in several 

different aspects, according to transcription below:  

“The meetings always began with the coordinators talking; discussing a little about the day, 

speaking about some administrative need and later on we began [to talk]. It is when meeting 

in itself began, when each teacher begin to speak about whom he had given class, if there is a 

new and if he is a new patient just arrived, then we used to talk about the boy's situation, and 

if we had a file to fill … Then we used to talk about the content we taught, if some student 

had difficulty, and if a relevant situation to be informed. We always discuss student's 

cognitive or physical difficulties. I think that what was interesting, and we always discussed, 

if one [student] was taking some treatment, some chemotherapy or some medication that had 

some side effects... because student doesn't speak. If he can’t take the pencil he doesn't speak 

about, if he can’t see he say nothing. Then the teacher has to have the sensibility to notice 

that. If the teacher will give class for some student that is taking a medication or he has some 

side effect, if he loses a little of his vision … then the teacher that goes there should already 

knows and he will give a hint if some other teacher goes there. Then if he already knows he 
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should prepare to not be indelicate with the situation, and he must be already prepared to 

write larger letters or to give another activity to not embarrass the student… That was things 

we usually did and I think those meetings were fundamental for the work proceed in the way 

we wanted. In the beginning I didn't understand it, but later in the course of time [I did].” 

(Juliet)  

Through Juliet's report, we can detach some aspects of the daily meetings at EMAE - teachers 

changing information among them and with the coordination, pointing out the difficulties 

found during the classes. Let’s take the example of the action of filling student-patient’s files. 

Teacher should write down in the student's file the contents worked during the class and the 

observations he/she considered relevant about the student's behaviour during the class. This 

procedure of registering the class into the file is other operation of the action of planning. This 

action have, at the same time, the objective of registering the given class and point out 

information to the other teachers in future classes. In this case, the teacher can go on 

articulating strategies considering each student's specificities, for instance, the use of larger 

letters for students with visual deficiency, as described in Juliet’s report.  

Another identified aspect emerged with the interviews, as already commented, are the 

meetings and lectures accomplished during the “Developmental Course”. Teachers revealed 

that they attended lectures given by several working professionals at the hospital. The themes 

of the lectures ranged from cancer types and forms of treatments to medical procedures. They 

also had lectures with researchers form Education, touching themes as curriculum, 

methodology, concepts teaching and learning, mathematics, among others.  

One of the most cited subject was the procedures with student-patients at BMT rooms. 

Teachers detached the objective of the lecture where they discussed the importance of the 

hygiene of the equipment used in the hospital ambient.  

“In the beginning they were many teachers talking about pedagogy, or then doctors talking 

about the cancer. We had a class about washing the hand that I found incredible… on 

hygiene… that was incredible: oh god! It’s true! She [speaker] showed things about hygiene, 

she talked about contamination, she spoke a lot of things. [...] And she spoke how we should 

wash our hands … I thought it was important. Indeed you don't have a lot to ask, you should 

ask to the nurse. How do I wash my hands? Sometimes she doesn't have time to teach you. In 

my second day of work the coordinator took me to BMT [Bone Marrow Transplant], and he 

asked me to clean like this and that {moving his hands}. He gave me instructions, but he is 

not a [medical] professional speaking. And her [speaker] was there and she spoke. Sometimes 

you enter with a pencil and you thinks, ‘it is just a pencil ant has been little used’. But at same 

time it is dangerous.” (Matheus)  

The action of hygiene hands and materials are part of the community's routine that works at 

hospital (doctors and nurses), but to others coming from outside (volunteers, teachers and 

family) this procedure should be learned, and to the Physics teachers it should be part of the 

teacher's planning, mainly when you should plan timings of a class. For instance, when the 

teacher gives classes in the BMT rooms, he should follow certain procedures before 

beginning the class. First, he/she should wash the hands, to clean the materials (pencil, eraser, 

drawing board), to use the apron and the hair bonnet. Only after these procedures the teacher 

can come near the student and give his class. However, after the hospital professionals’ 

lecture, teachers attributed new meanings for the “hands hygiene”. The report transcribed 

above shows that teacher (Juliet) turned this action into an operation of the action of planning 

her classes. The meaning of “give Science classes” to children with this kind of disease made 

her to reflect about the meaning of science to these boys’ and girls’ life, as we can read at the 

following exert:  
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“Nor all of the educators, but some feel very well in that kind of work. Physicists, Chemists, 

Mathematicians, we suffer a lot. Because we are accustomed with thirty shouting students in 

the classroom. Then you shout that it [the content] will be on the exams, this is still 

traditional. But once in a while to control the students screaming, unfortunately that is what 

works. But I noticed that inside GRAACC we can’t do that, isn’t it? We can’t do that there. In 

the beginning I didn’t know discern it, now I know. When I give classes I needed to make the 

guy to like having class. We did not get the point just teaching Newton’s law or an equation 

of the second degree to him, it not works. What meaning does it have for these kids? The kid 

is sick, taking chemotherapy, vomiting, with pain! Why will I speak for him that x
2
 + 2x + 3 = 

0 are interesting?” (Juliet).  

Further on the question relating the ideia of our finitude emerge as one of the central problems 

teachers must deal affecting viscerally the meaning of the planning Science education activity 

at the hospital school. 

 

FINAL CONSIDERATIONS  

Here we evidence the complexity that involves the teachers’ performance in hospital, 

specifically when we look closer to the teacher planning activity at the hospital school. In this 

context, planning stops being something previously organized, developed until the moment of 

its execution, and become another continuous action of the teaching activity. Teachers pointed 

out the importance attributed to the meetings after the period of classes and also the lectures 

they had at “Course of Improving” given by hospital professionals. Those lectures gave them 

instruments to articulate this information contributing to a better teacher daily class planning. 

This online planning demands teacher be flexible to deal with the unpredictable events such 

as medical interruptions of the class, physical difficulties of the students-patients and even a 

continuous negotiation of the epistemological, ontological and axiological aspects of science.  
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Abstract: Design and technology (D&T) is seen by many as having a potential for students to 
work with science and mathematics in practical and meaningful contexts. The view is 
particularly evident in the Norwegian curriculum, where D&T is defined as an 
interdisciplinary topic involving Science, Mathematics and Art & Crafts. This paper reports 
from a video study of six D&T projects run in different schools. The study shows that 
knowledge in mathematics and science was represented to a very little degree in student 
projects in D&T, even if the projects were designed to do so. Through an inductive analysis 
informed by perspectives on technology and technological knowledge from research 
literature, we identify four issues that explain why this is the case: (i) Problem solving by 
other means, (ii) Focus on product quality, (iii) Not the right type of knowledge, and (iv) 
Concepts and procedures not necessary for the purpose. These issues are related to the nature 
of technology rather than to pedagogy, and the results suggest that D&T as a domain of 
knowledge should be represented in the curriculum in its own right and not as an arena for 
learning science and mathematics. The D&T projects can still be utilized as contexts for 
experiences forming a basis for learning in science and mathematics. 
 
Keywords: video studies, classroom observation, concept and context, technology education 
 
 
INTRODUCTION 
The knowledge component of technology in the school curriculum remains a contested terrain 
(see e.g. Jones, Buntting, & de Vries, 2011). On one hand, technology can be seen as 
representing a domain of knowledge in itself, while on the other hand technology as a field of 
activity makes use of and combines knowledge from a range of different areas in order to 
fulfil specific purposes. In particular, modern technology makes highly use of scientific 
knowledge in its development. This ambiguity is reflected in the challenges represented in 
defining technology as a school subject worldwide.  

In the Norwegian curriculum, technology and design is placed as a cross-curricular field in the 
subjects Science, Mathematics and Art & Crafts. The research presented in this paper is a 
classroom video study of projects where students work with practical projects in technology 
and design. It investigates how teachers and students relate to conceptual knowledge from 
science and mathematics during the projects. The analysis is done in light of the intention of 
the curriculum, and the study hence provides an examination of the epistemic foundation the 
curriculum is built on. 
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PERSPECTIVES ON TECHNOLOGICAL KNOWLEDGE 

In the philosophy of technology, many attempts to capture the nature of technological 
knowledge have been made, from a philosophical point of view as well as from an 
educational perspective (see e.g. Layton, 1991; McCormick, 1997; Staudenmaier, 1985). One 
reason why technological knowledge is so hard to conceptualise is that technology is highly 
situated in the practical context, and involves knowledge that cannot be understood simply by 
means of discerning the relevant scientific laws (Boon, 2006). To be useful, this knowledge 
needs to be reconstructed, combined with other forms of knowledge and adjusted to the 
situation at hand (Layton, 1991).  

Based on his thorough analysis of what constitutes technological knowledge, Staudenmaier 
(1985) provides four characteristics of technology as a domain of knowledge: Scientific 
concepts, engineering theory, problematic data and technical skills. This conception of 
technological knowledge illustrates that even if technology is deeply situated in practical 
contexts, the knowledge also comprise knowledge that is theoretical and generic in nature.  

Even if technology is much more than the application of pure scientific knowledge, science 
and technology are highly interrelated in their modern form. Not only does modern 
technology build on advanced scientific knowledge, but the advancement of science is also 
highly dependent on technology. Science and technology are hence described as a ‘seamless 
web’ (Hughes, 1986).  

Despite this development science and technology is still seen as different domains of 
knowledge and activity, and their different purposes are often used to make a demarcation 
between the two areas of knowledge and activity (see e.g. Ropohl, 1997): While the purpose 
of science is to establish generic knowledge that covers as many contexts and situations as 
possible with explanatory power, the aim of technology is to develop products and systems 
with a specific purpose and function. This difference in purpose gives rise to differences in 
what is seen as progress in the field and what is considered valuable knowledge. 

 

REPRESENTATION OF TECHNOLOGY IN GENERAL EDUCATION 

In education, different perspectives on what technology and technological knowledge mean 
provide for different positioning of the knowledge domain in the school curriculum. A main 
challenge is to conceptualize the identity of the subject, its disciplinary content and 
relationship to other subjects (Jones, Buntting & de Vries, 2011). 

In school science, technological applications have often been presented as part of the science 
curriculum, not necessarily with a perspective on knowledge but rather in order to make the 
science content more concrete for the learner and to demonstrate its relevance in society and 
everyday life. These approaches have been massively criticised as they tend to portray 
technology as straight-forward applications of science and hence don’t do justice neither to 
technology, nor to science (e.g. Boon, 2006; de Vries, 1996; Gardner, 1994; Layton, 1991). 

Other traditions of technology education places the domain within craft and vocational 
training, often associated with less able students and with a low social status (see e.g. Hansen, 
1997). In recent decades, however, technology has emerged as a subject in its own right and 
for all students in several countries. The subject has been modernised and broadened to 
include design and notions of technological literacy (Jones, et al., 2011).  
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While technology as a subject for all students makes technology more visible in the 
curriculum, many have pointed to that the close relationship that exist between science and 
technology should be represented in how students engage with science and technology in their 
general education (e. g. Barlex & Pitt, 2000; Bencze, 2001; Petrina, 1998; Sidawi, 2007). Also 
for mathematics teaching, several studies points to the potential for integration with 
technology (Norton & Ritchie, 2009). Technology is seen as providing rich contexts for 
learning and applying mathematics in authentic and relevant contexts, as well as developing 
more positive attitudes towards the value of the subject. 

In the current Norwegian curriculum, introduced in 2006 (Utdanningsdirektoratet, 2006), the 
topic “technology and design” is placed across the subjects Science, Mathematics and Art & 
Crafts. The idea underpinning this arrangement was that technology and design was seen as a 
way of providing meaningful and motivating contexts for learning science and mathematics, 
rather than a knowledge domain in itself. This explains the rather unusual construction in the 
Norwegian curriculum, where Mathematics is seen as part of the domain of technology, while 
for example Social Science is not, despite the importance of technology in human history and 
in development of society. With regards to science and mathematics learning, the Norwegian 
model could have a potential for a constructive combination of technology with these subjects 
in the curriculum. 

 

RESEARCH FOCUS 

The study investigates how conceptual knowledge from science and mathematics come into 
play when students work with projects in technology and design. Conceptual knowledge is 
here taken to denote declarative, generic knowledge comprising concepts, relationships and 
principles that may have significance for action (see McCormick, 1997). The study is 
undertaken by analysing how students deal with and communicate knowledge and activities in 
three extensive cross-curricular student projects in technology and design developed and 
implemented in three different Norwegian schools (year 3-10).  

In previous analysis of teacher-student dialogues in the same data material (Esjeholm & 
Lysne, submitted), it was found that science and mathematics was virtually absent from 
dialogues between teachers and students, despite the fact that the projects were designed with 
the purpose of including these subjects in meaningful ways. Conceptual knowledge from 
science and mathematics was rarely addressed by teachers and students during the technology 
and design projects, and knowledge discussed in the dialogues was for the most part 
technological in nature.  

In the present study, we investigate the issue further by investigating the material with focus 
on why knowledge from science and mathematics is not addressed to a higher degree in the 
students’ projects.  

 

RESEARCH METHODS 

The study analyses three student projects in three different schools. The projects were 
developed by the research group in cooperation with the local teachers, giving the study 
aspects of action research. In the development, we attempted to create cross-curricular 
projects with a good potential for incorporating science and mathematics, but also that the 
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projects should be realistic to run in schools with regards to materials as well as teacher 
knowledge and skills. Each project lasted ca 30 hours. Members of the research group were 
present during the realisation of the projects, but influenced teachers’ and students’ work to a 
very limited degree. 

Classroom sessions related to the project were videotaped with two cameras recording 
selected groups of students and the classroom as a whole. A third camera was used to record 
other situations of interest that occurred in the classroom. In addition, the main teacher was 
carrying a wireless microphone throughout the entire project in order to record all teacher-
student interaction.  

In the previous study (Esjeholm & Lysne, submitted), all dialogues between teacher and 
students have been analysed quantitatively with regards to the kind of knowledge represented 
in the conversation. In the present study, we have analysed selected episodes with regards to 
why science and mathematics are not represented in situations considered to have a potential 
for this. This analysis is broader in the sense that it considers not only dialogues but also 
students’ actions in the project and the objects they produce. 

Sequences of the video material were purposely selected as they provided illustrative 
examples of situations where the potential for science and mathematics content was not 
fulfilled. This selected material was reduced to four episodes that illustrated different aspects 
of the phenomenon under consideration. From these, we formulated four issues (categories), 
that have been refined and adjusted through consideration of the video material as a whole, 
and through observer triangulation between members of the research group in interpreting 
sequences of video data. These categories are presented as results of the study, illustrated by 
the episode that gave rise to each category. 

According to Merriam (1998), categories resulting from inductive analysis should be 
exhaustive, mutually exclusive, sensitizing and conceptually congruent as well as reflecting 
the purpose of the research in the sense that they provide answers to the research question. 
The categories developed in this study provide broad answers to the question of why science 
and mathematics are not represented in the student projects. As this concerns an absence of 
something, the formation of categories is inevitable exploratory. The categories are informed 
by, but not derived from, the theoretical perspectives on technology described in the 
foregoing. They are mutually exclusive in the sense that they conceptualize distict issues, but 
not necessarily exclusive with regards to episodes in the material. This means that an episode 
may be interpreted within more than one category depending on focus. 

 

THE STUDENT PROJECTS 

The three student projects were: 

1. Models of playground equipment 

In this project, students in grade 8 designed models of playground equipment by means of the 
software Google Sketchup, and built the models in cardboard and other materials. The 
software facilitates the making of templates of the individual parts of the construction with 
accurate measures. Conceptual knowledge from mathematics is involved by the scales 
students work with in order for the measures to be suitable for the purpose. It could also 
involve basic mechanics in how the equipment works.  
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2. Model of town with lights 

The project involved building a model of the students’ home town Hammerfest, with streets 
and buildings, and surrounding landscapes including mountains and a fjord. The project was 
undertaken in a class of grade 10, where students worked in groups performing various parts 
of a joint model. Students themselves were to decide on what scales to use and what parts of 
the city and the landscapes that were to be represented in the model. The model was to be 
enlightened by electric light, making a link to the fact that Hammerfest was the first town in 
Norway with electric street lights. The project has potential for working with conceptual 
knowledge in terms of scales in mathematics and principles of electrical circuits in science. 

3. Model of oil platform and drilling system 

The activity was undertaken in grade 8 and formed part of a larger project about oil 
exploration. Students used Lego Robotics to construct the drill, and were allowed to use 
various materials for making the platform. The main challenge for the students was to design 
a motor system that allowed the drill to rotate and simultaneously make a vertical movement. 
The project potentially involves concepts and principles from mechanics, such as force and 
transformation of movement. 

 

RESULTS 

From the data from the three projects, we have identified four key issues of importance for 
why the design and technology projects, as they were realised in schools, did not contain any 
significant component of knowledge from science and mathematics, despite the fact that they 
were partly designed to do so. The four issues are conceptualised as 1) Problem solving by 
other means, 2) Focus on product quality, 3) Not the right type of knowledge, and 4) Concepts 
and principles not necessary for the purpose. These are not entirely mutually exclusive 
categories, as events in a project sequence might fit in more than one category. However, they 
highlight different aspects of why conceptual knowledge in science and mathematics not 
comes into play when students work with a project on technology and design. 

In the following these issues are described by means of episodes from the video material. The 
subsequent discussion relates the findings to how the nature of technology and technological 
knowledge is described in the literature and then discusses implications in an educational 
context. 

1. Problem solving by other means 

In the projects, students encountered challenges that potentially could invite them to make use 
of knowledge from science and mathematics to solve the problems and develop their 
products, or to generate a need for attaining this kind of knowledge. The use of scales in 
making models is an example from several of the projects analysed. The selected episode is 
from project 2 where students design a model of their hometown and surrounding landscape, 
and where correct scales were essential in order to make different parts of the model fit each 
other. The project is good in this regard, as correct use of scales is a prerequisite for success, 
and the challenge is placed in a very concrete context. The task became, however, rather 
complex due to the irregular shape of the landscape the students were to model, and also 
because students have to go between three representations when calculating scales: the model, 
the map and the real landscape.  
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This sequence shows how students arrive at a way of solving the problem of scaling up parts 
of the map to fit the board where the town model is to be built. The students are discussing 
and calculating, standing besides the map hanging on the wall: 

Student 1:  But how on earth can we get this thing onto the board? 

Student 2:  We just measure in centimetres… 

Student 3:  What we do is to get this [the map] onto an overhead foil. Then we put the 
  board up towards the wall, and move the overhead projector backwards until it 
  fits. And then we just transfer the drawing! 

The group of students enters the task with renewed enthusiasm and solves the problem in 
much more effective and reliable ways than by using scales to calculate measures for each 
parts of the model. With regards to the mathematics content, the student’s solution involves 
understanding of scales in the sense that she was aware of how an overhead projector creates 
an enlarged image with identical geometry as the original map. Other students might also 
learn from this experience. However, in the end it didn’t give the student group as a whole 
much experience in calculating scales the way they learn, and are tested, in mathematics as a 
school subject.  

2. Focus on product quality  

In technology and design, the quality of the final products is more pertinent than in the 
practical work students usually perform in science and mathematics. The desire for high 
quality influences the choices teachers and students make and hence the knowledge involved 
in the activity. In some instances, this means that a considerable amount of time is spent in 
enhancing the quality in terms of various forms of decoration, which may diminish the focus 
on technical problem solving. In the projects in this study, we also found examples of how 
desires for product quality diminished the focus on knowledge components from science and 
mathematics in other ways.  

The selected episode is from student project 2, supposed to entail working with electrical 
circuits, and hence elements from the Science curriculum. This could have been done by 
giving students experience with wiring lights and thereby working with principles such as 
closed circuits and differences between circuits in series and parallel. Instead, the teacher 
provided chains of ready-made Christmas lights for lighting up the town model. This makes 
perfectly sense from a pragmatic point of view, as the light chains are easily available, 
relatively cheap and makes the resulting product of higher quality than letting students wire 
their own circuits, which would be more time consuming and probably result in unstable 
circuits. At the same time, this choice diminished the science component of the project, as 
there was no need for experimenting with or discussing properties of the electric circuit. The 
project on creating the town model do, however, entail other challenges for the students, and 
the teacher describes the students’ learning as “high level problem solving” in a heuristic way 
rather than in terms of specific content outcome from subjects in the curriculum.  

3. Not the right type of knowledge 

In some aspects of the student projects, challenges for students requires understanding of 
general principles in order to accomplish their tasks. The episode selected represents the 
model of a drilling rig students are to construct with Lego systems in project 3. The Lego set 
contains a great variety of components that are to be combined to construct the desired 
mechanism. The working principles of the components and their combination can in principle 
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be described by means of concepts from physics, such as rotation, velocity, force and energy 
transfer. None of these concepts were used by students or teacher in any scientific way in the 
project. This is with good reason, since the mechanisms are better described in terms of 
operational principles that are technological in nature, and directly related to the components 
students are working with. The video recordings of the project reveal that students do not 
possess this kind of knowledge and that this obstructs their progress in the project. Their work 
to make the desired mechanisms were hence characterised by trial and error with the available 
components, and heavy guidance by the teacher in order to arrive at the desired movement in 
the model of an oil rig. The teacher’s guidance of one group of students who were to construct 
a device that can transform rotation into vertical movement, involved the following sequence:  

Teacher:  The point is: How can you make this motor lift this other one? Have you seen 
  this piece? [The teachers show the group of students the Lego brick that works 
  as a rack.] 

Student 1:  I know it. 

Teacher:  Yes, is it possible to use this one? (…) Let’s say there a cog is assempled to 
  this shaft, for instance… [The teacher puts a shaft in the centre hole of the 
  motor and mounts a cog to the shaft]. The cog will rotate, ok?  

Student 2:  Yes 

Teacher:  So, if you then could mount this part [the rack] perhaps like this [joins the rack 
  and the cog]… do you agree that this [the rack] will move up and down? 

Student 3:  Wow, that was smart! 

The teacher puts the students on right track by showing them how mechanisms can be used in 
order to achieve the desired result. The guidance is highly visual, demonstrating the teacher’s 
“know-how” in the particular situation. The use of language is hence limited in terms of 
concepts. However, the relevant concepts (such as those added in brackets above) are specific 
technical concepts rather than scientific concepts for how the suggested devices for the 
mechanism work. 

4. Concepts and procedures not necessary for the purpose 

In some parts of the student projects teachers attempted to include concepts and principles 
from science and mathematics, in line with the intentions of the curriculum. This was not 
always well received by students, as they did not see it necessary for solving the technology 
and design task they were working on. They were highly motivated for the practical project, 
but this did not necessarily motivate them for using the project as context for working with 
science and mathematics. Our illustrating episode is a situation where a student has used 
Google SketchUp to construct a model for a playground construction (project 1). This student 
usually shows low motivation for traditional school subjects, and particularly for 
mathematics. However, in this project has worked with strong dedication on designing the 
playground construction on the computer. The teacher sees this as a good opportunity to get 
the student involved in calculations of scales for his model. Some of the dialogue runs as 
follows: 

Teacher:  With this scale, this side becomes 32.42 cm, is that an appropriate measure for 
  your model? 
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Student:  I said it is to be 30 cm! 

Student:  This side is to be 15 cm. 

Teacher:  But that is not in accordance with your drawing. 

Student:  (angry) So what?! 

Teacher:  We have now found two of the sides, now you can do the rest. You will  
  manage. 

(Student showing reluctance) 

Teacher:  You don’t seem to agree? 

Student:  I don’t know, I cannot do math, I hate math! 

Not only is this student reluctant to dealing with mathematics as such, he clearly also doesn’t 
see it as bringing him any further in the practical task of constructing the model. His rough 
measure of “30 cm” doesn’t need to be further specified by the precise measure resulting from 
the teacher’s calculation. This fits with how Norman (1998) warned against a too strong focus 
on mathematical optimalization during the development of ideas in technology and design, as 
this is only significant when most of the design activity is over and the problem has been 
reduced to one that is well defined.  

 

DISCUSSION 

This study has identified key issues of importance for why science and mathematics not 
necessarily form part of students’ work in design and technology, even if conceptual subject 
matter from these subjects seem relevant for the task.  

The issues of Problem solving by other means reflects the nature of technology in the sense 
that the activity is flexible in use of ideas and materials. Technological activity searches for 
usable solutions that are optimal in terms of labour, costs and result. When students overcome 
the problems of calculating scales by utilising an existing technology (the overhead projector) 
that is more effective and probably more reliable, it resembles the way technologists work to a 
high degree. The students have many times watched teachers moving projectors back and 
forth in order to adjust the size of the image it creates. This associative way of solving the 
problem by imagining how tools can be transferred from one context to another can be seen as 
an example of technological creativity (see Lewis, 2009).  

Problem solving by other means based on student initiative is relatively rare in the data 
material, and this can be explained by the fact that students often lack knowledge about and 
access to the more effective alternative means. Teachers might also actively restrict students’ 
access to alternative means for the sake of including the basic skills, such as calculating scales 
by hand, that might form a learning target in the activity. If the aim is to foster technological 
capability, however, teachers should encourage the alternative technology-based approaches, 
and equip students with knowledge of the relevant effective technological tools prior to the 
project. 

The second category Focus on product quality relates to the previous in the way it reflects the 
nature of technology. The difference lies in that problem solving by other means concerns the 
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work process, while this issue concerns the resulting product. When designing and making a 
product, students and teachers will value result of high quality. The industrial designed light 
chains in project 2 are clearly of higher quality than self-soldered circuits, in terms of 
aesthetics as well as reliability. McCormick and Davidson (1996) have pointed to what they 
denote the “tyranny of product outcome” in design and technology classrooms. They argue 
that the focus on the final product prevents students from going deeply into the design 
process. From our study, we can conclude that this also applies to the potential science 
learning outcome of the activity. Again, the way the teacher and students approached the task 
of enlightening their town model makes perfectly sense from a technological point of view. In 
order to integrate content knowledge on electric circuits in the project, the task would need to 
be more complex, for example by creating a desire to enlighten all the smaller roads in the 
town model, where ready-made light chains no longer are suitable. This could alter the 
conception of what product quality means in the project.  

Not the right type of knowledge involves that the knowledge that potentially could be 
connected to the technological activity is not of an appropriate character for the purpose. In 
this study, this applies in the project about drilling rigs. Mechanisms for transfer of movement 
are associated with concepts and principles, but these do not mainly involve the basic 
concepts of physics. Rather they represent operational principles (Vincenti, 1990) and 
engineering theory (Staudenmaier, 1985) more appropriate for this technological domain of 
knowledge. As Layton (1991) has pointed to, scientific knowledge of physical mechanics is 
not directly applicable in this context, and will have to be restructured according to the 
specific mechanisms in order to be useful. The problem for students in designing the model of 
the drill was clearly related to their lack of familiarity with mechanisms and their principles. 
The problem would not be solved by concepts from physics, but rather by genuine 
technological knowledge of the various mechanisms’ operational principles.   

The fourth category, Concepts and procedures not necessary for the purpose, relates to how 
content from science and mathematics is seemingly relevant in the context, but where it does 
not contribute to the students’ activity in the sense of generating a product outcome. The 
student used as example from the project on constructing models of playground equipment 
expresses this in very explicit terms, as he refuses to deal with mathematics at all in his work. 
His arguments are very sensible in the actual context, because the accuracy the calculation of 
scales provides in this project goes far beyond the required level of accuracy in making the 
cardboard model. The student realizes that the suggested tool (calculating scales) is not well 
suited for the purpose. His reaction resembles what constitutes the core of technological 
activity as dynamic and situated, where knowledge, tools and procedures are chosen in 
pragmatic ways to fit the desired outcome (Ropohl, 1997). If the benefit is negligible, there is 
no reason to spend the cost of enhanced accuracy. 

All the four issues identified in this study concern fundamental aspects of the nature of 
technological knowledge and practice in explaining the lack of content knowledge from 
science and technology projects. This contrasts other studies where the focus has mainly been 
on pedagogy or teacher competence (McCormick & Evans, 1998; Norton & Ritchie, 2009; 
Sidawi, 2007). Clearly pedagogy as well as teacher competence are crucial elements in 
developing high quality technology teaching, including the particular purpose of integrating 
science and mathematics in practical technology projects. However, our study suggests that 
the technological problems students encounter in typical technology projects are not best 
solved by the conceptual knowledge these subjects offer on school level.  
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CONCLUSION AND IMPLICATIONS 

Our results suggest that problems of incorporating science and mathematics in technology and 
design projects are strongly related to fundamental characteristics of technology as knowledge 
and practice. This should be taken into account in redefining the Norwegian curriculum in 
direction of giving this area of knowledge a more clear identity in its own right, and not as an 
arena for working with science and mathematics in practical settings. 

The multi-disciplinary approaches should, however, be encouraged. Technology and design 
projects provide contexts and experiences that can be utilised in constructive ways for science 
and mathematics learning. However, yet there clearly exist good exceptions, this content 
knowledge should in general not be mistaken as being prerequisites or functional tools for 
attaining the technological outcome.  

Instead, the connection between projects in technology and design and conceptual knowledge 
from science and mathematics could be made as a “just afterwards” approach, rather than 
what Norton and Richie (2009) have denoted a “just in case” approach (teaching the 
conceptual content before the project) or “just in time” approach (teaching the content when 
the need occurs). The technology and design project could hence serve as a source of 
experiences to support learning of content knowledge in science and mathematics. 
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Abstract: Laboratory work is considered to be an essential component of any science course. 

Unfortunately, the traditional laboratory instruction follows a “cookbook” approach with 

emphasis only on how to do the experiment and arrive at results known beforehand. The 

intention of this study is therefore to improve laboratory instruction into cognitively activating 

laboratory instruction as it could be the essential step that helps students to promote higher-

order thinking skills. For this reason, an existing laboratory course is changed to a more 

cognitively activating course in the frame of an intervention study. Hence, in a pilot study two 

groups of students took part in the conventional practical course and the other two groups in the 

improved practical course. The two different types of practical courses have an identical 

learning time and pursue the same learning goals. The success of the intervention is 

investigated by pre- and post-tests in a control-group design. The results from the pilot study do 

not show any significant differences in performance between the groups so far. This possibly 

could be due to the low test reliabilities. Therefore, the lab skills test and the chemistry 

knowledge test will be optimized for the main study. 

Keywords: laboratory work, laboratory instruction, cognitive activation  
 
 

INTRODUCTION 

For more than 100 years, laboratories have been employed for teaching and learning in the 

natural science disciplines (Hofstein & Lunetta, 1982). Laboratory experiences have been 

found to promote problem-solving abilities (Hill, 1976), intellectual development (Renner & 

Fix, 1979), scientific thinking (Raghubir, 1979), and practical skills (Hofstein & Mamlok-

Naaman, 2007). In America`s Lab Report (2006, p. 76-77), the National Research Council 

defined a core set of seven science learning goals for students. Hence, laboratory work should 

achieve: ‘‘enhancing mastery of subject matter, developing scientific reasoning, understanding 

the complexity and ambiguity of empirical work, developing practical skills, understanding the 

nature of science, cultivating interest in science and interest in learning science, and developing 

teamwork abilities.’’ Unlikely, the traditional chemistry laboratories follow expository 

instruction and have been often described as cookbook-type laboratories (Laredo, 2013). 

Expository environments promote rote procedures which restrict students from forming an 

authentic understanding of the connections between the data they collect and the theories the 

data describe (Eylon & Linn, 1988). 

The aim of this study is therefore the improvement of a laboratory work for the first-semester 

teacher-students in chemistry to engage them as active learners. In order to achieve this 

educational goal, the experimental phases should be designed to promote and require students’ 

preliminary considerations and decisions concerning the laboratory procedure before they 

perform it. In this context the students should learn to recall theory and techniques, promote 

scientific methods of thought, make accurate observations, and interpret experimental results.  
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RATIONALE 

In addition to lectures, the laboratory activities have an important and central role in the 

science curriculum. The laboratory courses offer students the opportunity to gain 

manipulative skills, observational skills, and the ability to plan experiments and to interpret 

experimental data. The significant role of laboratory work is to help students to make links 

between two domains of knowledge: the domain of objects and observables and the 

domain of ideas. Therefore, learners can perform the experiments effectively at two levels: 

at the “doing” level and at the “learning” level (Abrahams & Millar, 2008). Consequently, 

they need to have a variety of skills at both levels to experiment successfully. The “doing” 

level focuses on manipulative skills and observational skills whereas the “learning” level 

focuses on the ability to interpret experimental data and to plan experiments (Johnstone & 

Al-Shuaili, 2001). In addition, practical work promotes further aims, for example interest 

development, personality development, and enhancement of social competence (Welzel et 

al., 1998).  

Domin (1999) distinguishes different types of laboratory instruction, ranging from those in 

which students have little ownership over their own learning to those in which they have 

more control and motivation to work together to solve problems. The majority of 

laboratory instructions at the undergraduate level often have a “cookbook” approach with 

emphasis on how to do the experiment and arrive at results known beforehand. As a result, 

the traditional laboratory instruction is heavily criticized because very little importance is 

given to understanding the principles or logic underlying the experimental approach 

(Johnstone & Al-Shuaili, 2001). In this way, they are not able to develop skills such as 

creating a hypothesis, designing experiments, analyzing and explaining the data. 

Furthermore, the students plan and carry out the experiments unsystematically and 

disregard control variables. 

Over recent decades the inefficiency of university lab courses has been more and more 

often pointed out and possible reasons therefore were explored (Kirschner & Meester, 

1988). In contrast to school education, where the research on laboratory work is received 

and anticipated increasingly, the university education requires further research (Eilks & 

Byers, 2010). There are some initial solutions to the problem of university lab courses 

(Niedderer et al., 1998), but they are implemented only slightly so far. 

Although it is important in science for students to learn how to follow directions, offering 

only a cookbook laboratory instruction limits students’ ongoing intellectual engagement. 

Therefore improving laboratory instruction into cognitively activating laboratory 

instruction could be the essential step that helps students to promote higher-order thinking 

skills. 

The aim of the cognitively activating learning opportunities is to enhance conceptual 

understanding or rather to gain conceptual knowledge which is characterized by the 

interaction of knowledge and skills, and which also can be used as a tool for problem 

solving (Kunter et al., 2005). However, cognitive activation is not limited to cognitive aims 

only. In addition to the learning effect and qualitative improvement of knowledge, the 

cognitive activation should also motivate students and raise interest in their courses 

(Clausen, 2002).  
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RESEARCH QUESTIONS AND HYPOTHESES  

 

The criticism on laboratory work leads to the following research questions and hypotheses:  

 

Question 1: Do students perform experiments more successfully and achieve higher 

learning outcomes by using a cognitive activating laboratory instruction? 

 

Hypothesis 1: A cognitive activating laboratory instruction increases the learning 

performance with regard to chemistry knowledge, knowledge about methods and interest. 

 

Question 2: Are manipulative skills in a cognitive activating laboratory instruction 

developed as good as in a traditional laboratory instruction? 

Hypothesis 2: Manipulative skills in a cognitive activating laboratory instruction are 

developed as good as in a traditional laboratory instruction. 

 

 

DESIGN AND METHODS 

 

The pilot study was conducted during the winter semester 2012/13 in a general chemistry 

laboratory course for first-semester teacher-students at the University of Duisburg-Essen in 

Germany. At this university the general chemistry laboratory course is offered at two 

different times to the students: during the semester and as a block course during the 

semester break. This study used a comparative methodology in which students performed 

laboratory investigations in an expository and cognitively activating environment, 

respectively. Initially, the existing laboratory instruction was revised and improved 

according to educational objectives and research results. The improved laboratory 

instruction includes cognitive activation which is represented as grey boxes with questions 

and remarks to the theoretical background of the experiments.  In the example shown in 

Figure 1, students have to choose appropriate glassware in order to prepare a solution with 

defined volume. With regard to volume accuracy, the students have to make decisions 

which suitable glassware is needed to perform the experiment.  

 

Figure 1. Example from the improved laboratory instruction. 
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The effectiveness of the revision was assessed regarding to the research questions using a 

control-group design. Forty-three first-semester teacher-students participated in this study. 

The students were divided into two groups, the control and experimental group. The 

control group took part in the conventional practical course during the semester and the 

experimental group in the improved experimental course during the semester break. This 

resulted from the fact that the development of the material took some time. Thus, as a 

limitation, both groups are not entirely comparable. But on the other hand, the two 

different types of practical courses have an identical learning time and pursue the same 

learning goals. Furthermore, the focus of the pilot study was not on the group comparison 

but on the evaluation of the learning material and the tests. 

By using a pre-post design, the data was collected at the beginning and at the end of the 

practical course. Students took a chemistry knowledge test (Freyer, 2013), a lab skills test 

(own development), an attitude-towards-learning chemistry questionnaire (Grove & Bretz, 

2007), a self-assessment questionnaire (Freyer, 2013), a subject interest questionnaire 

(Freyer, 2013), a test for measuring deductive thinking (Wilhelm, Schroeders & 

Schipolowski, 2009) and gave some demographic data in the frame of the pre-test. The 

post-test included again the chemistry knowledge test, the lab skills test, the attitude-

towards-learning chemistry, the self-assessment questionnaire, and the subject interest 

questionnaire.  

To test the proficiency of students in laboratory techniques, a lab skills test was developed. 

It consists of a theoretical and a practical part. The theoretical part contains 11 items (1 

matching task and 10 multiple-choice-items) which deal with observations, measurement 

values, and handling of lab equipment. In Figure 2 an item example for the theoretical part 

of the test is given.  

 

Figure 2. Item example from the lab skills test (theoretical part). 

The practical part consists of four working stations in the laboratory which require 

different lab skills. For completing the tasks, the students are provided with necessary 

laboratory equipment.    
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Figure 3. Item example from the lab skills test (practical part). 

 

RESULTS AND DISCUSSION 

 

In this section some selected results of the pilot study will be discussed. The reliabilities of 

the test instruments which were administrated in the pilot study are shown in table 1.  

Table 1 

Reliability of the test instruments. 

Test instrument Cronbach‘s α Items 

Chemistry knowledge test (pre-test) .65 23 

Chemistry knowledge test (post-test) .61 23 

Lab skills test (theory) (pre-test) .48 11 

Lab skills test (practice) (pre-test) .69 20 

Lab skills test (theory) (post-test) .38 11 

Lab skills test (practice) (post-test) .60 20 

Attitude-towards-learning chemistry 

questionnaire (pre-test) 

.84 47 

Attitude-towards-learning chemistry 

questionnaire (post-test) 

.87 47 

Abilities for deductive thinking test .90 32 

Subject interest questionnaire .84 11 

Self-assessment questionnaire .71 20 

 

The test instruments administrated in the pilot study have satisfactory reliabilities except of 

the lab skills test and the chemistry knowledge test. With regard to reliabilities of the lab 

skills test, more items will be added to this test in order to increase its reliability. Due to 

the moderate reliabilities of the chemistry knowledge test, its content will be optimized for 

data collection in the main study. Although, due to the low reliability of the lab skills test, 

data must be treated with care, a comparison between control group and experimental 

group considering their lab skills was done. However, there was no significant difference 

between the two groups’ achievement in the lab skills post-test (t(43) = .254, p = .801). 

The picture that emerges from this result is that both lab courses are equally effective in 

teaching simple laboratory skills. This result confirms the hypothesis that manipulative 

skills in a cognitive activating laboratory instruction are developed as good as in a 

traditional laboratory instruction. For chemistry knowledge post-test, no statistically 

significant difference was found, either (t(43) = .914, p = .366).  

For the main study, which is taking place in winter semester 2013/14, some more items 
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will be added to the improved laboratory instruction. It is further intended to examine the 

influence of cognitively activating laboratory instruction on students’ performance in the 

laboratory course by collecting video data. For this purpose the activities of students 

during laboratory work sessions will be observed. 
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RESEARCH 
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University of Patras, Greece 

 

Abstract: This paper reports on insights from the first cycle of a developmental 

research study aiming at the design of a learning environment that could effectively 

support non biology-major students (a) in challenging the widespread view of the 

‘balanced nature’ and constructing a meaningful, up-to-date understanding about how 

ecosystems may function, and (b) in enhancing context-free ideas like interdependent 

and circular causality that underlie systems thinking. Our focus here is set on whether 

and how students’ reasoning about ecosystems’ response to human-driven disturbance 

or protection has been altered after their engagement with the first version of our 

learning environment, as well as on how the conceptual aspect of the latter could be 

further elaborated. Considering social constructivism and problem-posing approach, 

we developed a computer-supported, collaborative learning environment for 

highlighting ecosystems’ contingent behaviour through the currently valid idea of the 

‘resilient nature’. Forty-one, 1
st
-year students of educational sciences were actively 

introduced to the basic assumptions of the idea of the ‘resilient nature’ in four, 2-hour 

sessions within an optional course of ecology, by exploring our ‘NetLogo’ models of 

protected or disturbed ecosystems with the aid of worksheets. The analysis of 

students’ responses to certain items of the pre/post-questionnaire shows that the idea 

of the contingent behaviour of ecosystems was reached only by a few students, while 

most of them shifted from the idea of the always-recovering nature to the idea of the 

never-recovering one. Implications about elements of the learning environment that 

need to be reconsidered and elaborated are thoroughly discussed. 

Keywords: ecological reasoning; model-based learning; collaborative learning; 

teaching about ecosystems; teaching about resilient nature. 

 

INTRODUCTION 

Research on the ways students of different age reason about natural systems has 

revealed a widespread belief in the ‘balance of nature’ (Zimmerman & Cuddington, 

2007). This ‘balance’ is supposed to be an inherent, self-preserved feature of 

ecosystems (Cuddington, 2001) and lies at the core of students’ reasoning about the 

response of the latter to human-driven disturbance or protection (Ergazaki & 

Ampatzidis, 2012).  
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Referring to the rather out-dated cybernetic view, the idea of the ‘balanced nature’ 

appears to hinder environmental awareness and conceptual understanding. In fact, it 

may undermine the significance of not disturbing ecosystems through the assumption 

of their almost ‘magic’ power to recover initial state (Westra, 2008). Moreover, it 

opposes the current idea of the ‘resilient nature’ that favours contingency over 

purpose by assuming multiple alternative states, self-organization through feedbacks, 

and abrupt-not necessarily reversible-shifts between states (Holling, 1973; Gunderson 

& Holling, 2001; Scheffer, 2009). Apart from providing students with a better 

explanation about nature, this idea could also give them an appropriate context for 

fostering systems thinking skills, considered as crucial for all aspects of life (Boersma 

et al., 2011).  

Thus, our study addresses the question of whether it is feasible to design a learning 

environment that could effectively support non biology-major students (a) in 

challenging the idea of the ‘balanced nature’ and constructing a meaningful, up-to-

date understanding about how ecosystems may function, and (b) in using this 

understanding to enhance context-free ideas like interdependent and circular causality 

that underlie systems thinking.  

In this paper we are particularly concerned with identifying (a) whether and how 

students’ reasoning about the ways ecosystems may respond to human-driven 

disturbance or protection has been altered after their engagement with the first version 

of our learning environment, and (b) those points of the latter that need to be 

reconsidered. So, the questions here are:  

(a) ‘How do students reason about ecosystems’ behaviour before and after their 

participation in the learning environment?’. More specifically: ‘What kind of 

predictions do they make about the future of disturbed or protected ecosystems 

and how do they justify them?’; ‘Do they really predict a contingent behaviour by 

appealing to alternative states, feedbacks and reversible/irreversible shifts or not?’ 

(b) ‘What needs to be elaborated in the first version of the learning environment in 

order to enhance its effectiveness?’.  

 

METHODS 

The overview of the study 

In this study of developmental research (Akker et al., 2006), we drew upon social 

constructivism (Vygotksy, 1978) and problem-posing approach (Klaasen, 1995) to 

design a computer-supported, collaborative learning environment, which aims at 

supporting non-biology major students in understanding the contingent behaviour of 

ecosystems through the basic assumptions of the idea of the ‘resilient nature’. We also 

developed a pre/post questionnaire with open-ended items in order to collect data 

about the effectiveness of our learning environment and we analyzed students’ 

responses using ‘NVivo’. 
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The participants   

The first cycle of the research we report here was carried out with forty-one, first-year 

students of educational sciences at the University of Patras. All of them were enrolled 

for an optional course of ecology offered by the second author and volunteered to take 

part in the study after they had been informed about it. The participants (a) had basic 

ecological knowledge due to a university-entrance course, (b) were familiar with 

computers and group-work and (c) were rather active in terms of raising / answering 

questions in the course’s regular classes.  

The learning environment 

The learning environment aims at highlighting the contingent behaviour of 

ecosystems through the basic assumptions of the idea of the ‘resilient nature’. In other 

words, the learning objectives (in short, ‘LO’) have to do with understanding these 

assumptions (‘LO1’-‘LO5’) and with using them in order to challenge the notion of 

balance as an inherent feature of nature and finally move to the notion of contingency 

(LO-contingency). More specifically:  

• ‘LO1’: In the absence of disturbance, an ecosystem may have multiple alternative 

states (see ‘multiple natural states’). 

• ‘LO2’: Each state is self-organized through feedbacks. 

• ‘LO3’: Shifts from one state to another may occur abruptly at specific tipping 

points where feedbacks change. 

• ‘LO4’: Shifts between alternative states may be irreversible. 

• ‘LO5’: Shifts between alternative states may be reversible but in that case the 

system shows hysteresis. 

• ‘LO-contingency’: The natural systems show a contingent and not pre-determined 

behavior (‘resilient nature’ vs ‘balanced nature’). 

Students were actively introduced to the target assumptions in four, 2-hour sessions 

within the ecology course they were attending. In each session, they collaborated in 

triads to explore a model within ‘NetLogo’ (Wilensky, 1999), with the aid of a 

worksheet that required predictions about the ecosystem’s behaviour before using the 

model and explanations afterwards. The four ‘NetLogo’ models we developed (in 

short, ‘NM’) to pursuit the learning objectives, simulated terrestrial or aquatic 

ecosystems faced with internally or externally triggered changes, and were based on 

findings of current ecological research. More specifically: 

• 1
st
 session - ‘NM1-Forest’: the model simulated the maturation of a tree species in 

a forest (Gunderson et al., 2010), which was inhabited by two tree species 

(spruces, aspens) and four animal species (bugs, budworms, moose and 

passerines). The focus here was on ‘LO1’, ‘LO2’ and ‘LO-contingency’. 

• 2
nd

 session - ‘NM2-Lake’: the model simulated an inflow of nutrients in a lake 

(Scheffer, 2009), which was inhabited by phytoplankton, zooplankton, one species 
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of sea plants and two species of fish. The focus here was on ‘LO1’-‘LO4’ and 

‘LO-contingency’. 

• 3
rd

 session - ‘NM3-Lake’: the model simulated an inflow of nutrients in a lake, the 

subsequent removal of nutrients and other corrective actions that took place in 

order to restore the lake (Scheffer, 2009). The lake was inhabited by two species 

of plants and two species of fish. The focus here was on ‘LO1’-‘LO3’, ‘LO5’ and 

‘LO-contingency’. 

• 4
th

 session - ‘NM4-Meadow’: the model (see appendix) simulated the removal and 

subsequent re-introduction of an animal species (spiders) from a meadow 

(Schmitz, 2010). The meadow was inhabited by two species of plants and three 

species of animals (grasshoppers, spiders and bugs). The focus here was on 

‘LO1’-‘LO4’ and ‘LO-contingency’. Students were also engaged in reasoning about 

ecosystems’ behaviour through ‘landscape models’ made of plasticine and 

cardboard. 

The pre/post questionnaire  

Students were administered a pre/post questionnaire, the first part of which included 

five, open-ended items about the behaviour of protected or disturbed ecosystems. The 

pre/post items were equivalent and all of them - except the second one - aimed at 

probing specific target assumptions as justifications for the contingency (J-contingency) of 

ecosystems’ behavior (see ‘LO1-5’J-contingency). More specifically: 

• Item 1 - ‘protected ecosystem’: students were asked to reason about the future of a 

terrestrial / aquatic national park under human protection. The focus here was on 

‘LO1’J-contingency. 

• Item 2 - ‘feedbacks’: students were asked to explain the population size control in 

a lake / swamp through feedback-mediated self-organization and the loss of 

control through feedback-change at a tipping point. The focus here was on ‘LO2’ 

and ‘LO3’. 

• Item 3 - ‘disturbed ecosystem: biotic change’: students were asked to reason about 

the future of a lake / forest where a new population was first added and then 

removed by humans. The focus here was on ‘LO4-5’J-contingency. 

• Item 4 - ‘disturbed ecosystem: abiotic change’: students were asked to reason 

about the future of a lake where the nutrients / salinity of the water was increased 

and subsequently decreased due to human actions. The focus here was on ‘LO4-

5’J-contingency. 

• Item 5 - ‘schemes’: students were asked to choose among schemes representing 

ecosystems that were faced with a disturbance (Gunderson et al., 2010) and 

explain their choice. The focus here was on ‘LO1-5J-contingency. 

The questionnaire was first administered to non-participating students with a ‘think 

aloud’ protocol and elaborated accordingly. Here we are only concerned with items 1 

and 4. 
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The analytic procedure 

Students’ responses to the pre/post questionnaires were transcribed and coded within 

the environment of the qualitative data analysis software ‘NVivo’. The several 

‘categories’ that emerged were organized into a ‘coding scheme’ divided (a) in 

students ‘predictions’ (e.g. ‘Full recovery’, ‘Partial recovery’, ‘Contingent 

behaviour’) about the future of the ecosystem in question, and (b) in students’ 

‘justifications’ for what they predicted (e.g. ‘Recovery mechanisms’, ‘Incomplete 

recovery process’, ‘Possibility of long-lasting effects’).  The coding was performed by 

both the authors with a satisfactory agreement: Cohen’s Kappa with regard to items 1 

and 4 that concern us here was estimated to 0.85.   

 

FINDINGS 

Regarding students’ reasoning about the future of a protected ecosystem like a 

terrestrial or an aquatic national park (item 1), we note that in the post-test students 

found even more appealing the idea that the protected ecosystems remain unchanged, 

which was not a desirable outcome. More specifically, the prediction of the ‘same 

picture’ became more frequent in the post-test, while the idea of ‘self-regulation 

through populations’ relationships’ appeared to be replaced by the more advanced 

idea of ‘self-regulation through counter-acting loops’ in students’ warrants (Figure 1). 

In their own words:  

• “Since the forest is protected from fires and other disturbances, the population of 

plants will not change, thus the population of animals will also not change, 

because the food chain will remain the same.” (pre-test) 

• “After some years, it is reasonable to believe that some of the populations like the 

sea plants would grow in number and others would decrease and this way there 

would be changes in the food chain of the aquatic park. Because of the balancing 

loops existing in the water, the situation will eventually change back and 

everything will be normal again.” (post-test) 

On the contrary, the predictions of a ‘different’ or ‘possibly different’ picture, due to 

‘changes (or ‘possible changes’) in population size’, became less frequent in the post-

test (Figure 1). In students’ own words: 

• “There is a chance that some plant population will decrease in future, because 

they will be consumed by animals. Possibly, some animal populations will 

decrease too, because they won't be able to find their prey or they will die by 

natural causes.” (pre-test) 

• “After some years, the animal and plant populations living in this aquatic park 

will change. The populations of sea plants and phytoplankton will raise and so 

will the animals that live on them (sea turtles for example). Some fish populations 

will decrease though, and so will the animals that live on them (bigger fish and 

sea birds, for example).” (post-test) 
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Nevertheless, the idea of ‘multiple natural states’ for a protected ecosystem did 

actually serve as a warrant for the ecosystem’s contingent behaviour by some students 

(Figure 1). In their own words: 

• “Since no external factor affects it, the sea park will rather remain stable. 

Nevertheless, it is possible for an ecosystem to alter (for instance the populations 

may change) because of internal factors, even when there are no external factors 

affecting it. An ecosystem may be in more than one natural states and the shift 

among these states may be triggered by internal factors, even when no external 

disturbance (human or natural activity) exists.” (post-test) 

Moving to students’ reasoning about a disturbed ecosystem (a lake where the nutrients 

or the salinity of the water were increased and subsequently decreased due to human 

actions - item 4), we note the following. The prediction of ‘full recovery’ of the initial 

state, due to a ‘recovery process’ or ‘recovery mechanisms’, became significantly less 

frequent in the post-test (Figure 2). In students’ own words: 

• “The enrichment of the lake with nutrients will cause the increase of 

phytoplankton and, consequently, the increase of zooplankton, fish and sea birds. 

However, when we remove the extra nutrients from the lake, the phytoplankton 

will eventually decrease. Therefore, the zooplankton will decline, since their food 

will have been decreased, and the same will also happen with the fish and the sea 

birds, until the lake ecosystem moves back to normal.” (pre-test) 

• “When the salinity gets back to its initial level, the populations of organisms 

which live in the lake will get back to their initial numbers. This happens because 

after the salinity is restored, the balancing loop existing in the lake will reverse 

the changes that took place because of the human intervention and the organisms 

living in the lake will come back to normal.” (post-test) 

On the contrary, the prediction of ‘no recovery’, due to ‘side’ or ‘long-lasting effects’ 

of the disturbance and certain ‘feedback-change’, appeared so frequently that it 

became the dominant one, although it was very rare in the pre-test (Figure 2). This 

outcome was not desirable either. In students’ own words:  

• “Although the nutrients are restored to their initial number, the animal and plant 

populations have been through changes that challenge their survival. I think that 

the lake will be different than its initial state even after the nutrients restore.” 

(pre-test) 

• “Before the sewage inflow, the lake is stable because of the existence of balancing 

loops. The sewage inflow causes the water salinity of the lake to increase and the 

balancing loops break. Some species populations increase and some other 

decrease. The ecosystem’s regime shifts. Even when people manage to restore the 

water salinity to the initial level, the ecosystem is not going back to its initial state 

because the populations have been seriously disturbed.” (post-test) 
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Nevertheless, the idea that a reverse shift might either occur or get hindered or even 

blocked by side effects, did lead some students to the prediction of a contingent future 

for the disturbed ecosystem (Figure 2). In their own words: 

• “Nevertheless, this increase of the salinity of the water may have caused side 

problems that are not dealt with by simply restoring the salinity to the previous 

level. If this is the case, then restoring the salinity of the water will not make the 

lake return to its initial natural state”. (post-test) 

 

Figure 1. Categories of predictions/justifications about a protected ecosystem  (item 1). 
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Figure 2. Categories of predictions/justifications about a disturbed ecosystem (item 4). 
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DISCUSSION 

We may argue that the idea of ‘multiple natural states’ (‘LO1’) did serve as 

justification for the contingent behaviour of a protected ecosystem only for a few 

students. Moreover, it should be noted that the idea of the counter-acting or balancing 

loops (part of ‘LO2’) appeared to be misleading for almost half of the students who 

drew on them to claim the stability of the protected ecosystem. This undesired claim 

may also be attributed to our first ‘NetLogo’ model. The reason is that ‘NM1-Forest’ 

may have emphasized disproportionally the possibility of recovering initial state while 

simulating an externally undisturbed forest with internally triggered changes. Thus, it 

may be purposeful to develop ‘sub-models’ of ‘NM1’; namely, alternative models that 

would present the trajectory of the forest as contingent on certain conditions, like for 

instance the initial size of its populations. In other words, it might help if students 

were confronted with one possible trajectory of the externally undisturbed forest 

through one ‘sub-model’, and with another possible trajectory through a second ‘sub-

model’, differing from the first in some initial condition.  

Doing so, special attention should be given to the idea that the states deriving from the 

different trajectories need to be considered as equally ‘normal’ or ‘natural’. This is 

rather important since students tend to believe that there is only one natural state for 

an ecosystem and it needs to be maintained. So, the ecosystem may pass to another 

state, but “because of the balancing loops…, the situation will eventually change back 

and everything will be normal again”. Moreover, the ways that the balancing (and 

reinforcing) loops appear in our learning environment should be reconsidered. The 

apparently over-estimated power of the balancing-loops needs to be challenged 

properly. 

Moreover, we may argue that the ideas according to which shifts between alternative 

states may be irreversible (‘LO4’) or reversible with hysteresis (‘LO5’) did serve as 

justification for the contingent behaviour of a disturbed ecosystem for a few students, 

as well. When reasoning in this context, students appeared to have moved from the 

always-recovering nature to the never-recovering one. This may suggest a desired 

retreat of the idea of the ‘balanced nature’, but is also indicative of students’ 

difficulties in understanding the flux of nature through the ideas of ‘LO4’ and ‘LO5’.  

These difficulties did not seem to be addressed properly in the first version of our 

learning environment. The models ‘NM2-Lake’ and ‘NM3-Lake’, that 

correspondingly simulate a lake with externally triggered changes, may have over-

emphasized the possibility of non-recovering initial state or having tremendous 

difficulties in doing so. Thus, both these models need to be reconsidered. Again the 

idea of developing two ‘sub-models’ in each case seems interesting. More 

specifically, it might help if students were confronted with one possible trajectory (no 

recovery) of the ecosystem that has been externally disturbed through one ‘sub-

model’, and with another possible trajectory (recovery) through a second ‘sub-model’, 

which would differ from the first in some initial condition. This strategy seems to 
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offer a possibility to deal with the over-estimation of non-recovery as well, and will 

be tested in the second version of our learning environment.  

In summary, taking the above into account, we will attempt to design a new version of 

the learning environment to deal more effectively with students’ difficulties in 

understanding how nature works if protected or disturbed. Introducing ‘sub-models’ 

like the ones discussed above and challenging the ‘power’ of balancing or 

counteracting loops with a more careful presentation of their possible contribution to 

the function of the ecosystems, may lead us to better results in the second cycle of the 

research.  
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Figure 3. Net Logo Model ‘Meadow’: removal / re-introduction of spiders. 
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Abstract: 

Over the past two decades, video analyses of science classroom have developed tools 
to describe, model and understand teaching and learning processes. Following the 
activity theory approach (Leontiev, 1978) using tools adapting from communication 
analysis (Givry & Roth, 2006), we propose to show what are the contributions of the 
interplay of talk, gestures and semiotic resources in the setting to analyze students' 
conceptualization. Our database consists of questionnaires, interviews and classroom 
video data and written worksheets of 14 students at the upper-secondary school level 
(Grade 10 [15-year-old students]) during a one-month teaching sequence about gas. 
We use Kronos software to code videos through several levels : Tasks (Macro), 
actions (Meso), meaning-making (Micro). Based on semiotic resources contained in 
language, we reconstruct in great detail all the ideas about gas expressed by students 
during the entire teaching sequence. Our results show (a) that we need to analyze 
simultaneously talk, gesture and salient element of the setting to reconstruct the 
meaning performed by student during communication acts. (b) how the interplay of 
talk, gestures and salient elements could be pertinent to describe the construction and 
the stabilization of the meaning of the word quantity performed by a student. 
However, some research already shows that prosodic features of speech (intensity, 
pitch, pitch contours) are further semiotic resources used in classroom conversations 
(Roth, 2005). Future research will show whether and how such additional resources 
further improve our unit of analysis called ''idea''. Furthermore, our results concern 
only a few students and cannot be extrapolated. We can considered it as assumptions 
which will be tested in future research.

Keywords: Science Learning, Students' ideas, Semiotic, Gestures, Video

BACKGROUND

Since the late 1970's, science education research have analyzed science learning in 
terms of student conceptions. There exists an enormous body of literature providing 
evidence for the existence of student conceptions that differ from the standard views 
of science (e.g., Pfundt & Duit, 2013). Different models have been proposed for 
describing the conceptual change students undergo (e.g., DiSessa, 2008) and some 
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studies identified conditions that would support the evolution of students’ initial 
conceptions towards scientifically correct ones (e.g., Strike & Posner, 1992). 

Over the past two decades, video analyses of science classroom have developed tools 
to describe, model and understand teaching and learning processes. Although these 
studies adopt different theoretical frameworks and methodologies, most of them 
analyzed videos through three levels (macro, meso and micro). 

THEORETICAL FRAMEWORK

Our study: (a) adopts the activity theory approach (Leontiev, 1978) to analyse these 
levels and (b) uses tools adapting from communication analysis (Givry & Roth, 2006)
to describe student's conceptual understanding in physics through the interplay of talk,
gestures and semiotic resources in the setting. 

Task, Activity-Action-Operation

Our theoretical framework adopts the activity theory approach (Leontiev, 1978) by 
using the distinction between the task (what people have to do) and the activity (what 
they really do). Each activity depends on a set of actions, which is composed by 
several operations. These definitions allow us to deal with teaching-learning 
situations through several levels. Concretely, we analyze: (1) the macro level based on
the distribution of the tasks inside each lessons of the teaching sequence, (2) the meso 
level through the activity of teacher (to manage each task) and the activity of students 
(i.e. the actions to do each task), we focus on semiotic actions (writing and 
communicating) and (3) the micro level by reconstructing the meaning expressed by 
student's semiotic actions through specific operations. 

Macro

 

                  

Meso                 

                                                        Semiotic Actions

Micro        

Figure 1: Link between levels of analysis (Macro, Meso, Micro) and Task, Semiotic Actions 
(writing, communicating) and ideas (meaning). 

Task Activity

Read Handle Write Communicate ...

Reconstructed meaning = Ideas 
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Ideas 

Our study focuses on the actions which support student's communication. We define 
an ''idea'' as the meaning expressed by a person through semiotic resources contained 
in language in a specific context, and reconstructed by the researcher (figure 2). 

Figure 2: Idea express the meaning through semiotic resources (talk, gesture, salient element, 
context) 

This reconstruction of meaning requires to adopt student's points of view, without any
judgement with regard to science point of view. Furthermore, we do not make any 
hypotheses of what happens in student's brain to minimise the risks of over-
interpretation, because we have easy access to their discourse (e.g., Givry & Roth, 
2006). Some previous researches (Givry & Roth, 2006; McNeil, 1985) show that 
participants or analysts cannot understand communicative acts without accessing the 
simultaneously produced gestures. We make the distinction between: ''gesture'' 
(semiotic hand movements), which appears during communication and 
''manipulation'' (ergotic hand movements), which operates on objects during an 
experiment (Givry, 2003). The examples show that gestures in themselves do not lend 
themselves well to verbal rendering, in part because they are polysemic, in part 
because translation into words inherently belies the topological and dynamic nature of
what is expressed. This suggests that talk and gesture are part of the same unit of 
analysis but cannot be reduced to one another. Consequently, researchers interested in 
students’ conceptions ought to construct inscriptions forms that render what students 
communicate concurrently in the two different modes rather than stressing the verbal 
mode. In this way, talk and gesture together constitute a minimal psychological unit 
(Vygotsky, 1962). Each part contributes to the whole meaning but in different 
inherently contradictory ways: Gestures are global and synthetic, whereas talk uses 
segmentation and linearisation to form a hierarchy (McNeill, 1992). Furthermore, 
McNeil (1985) differentiated gestures into beat, deictic, iconic, and metaphoric 
gestures. In the present study, we follow recommendations to focus on deictic and 
symbolic gestures, including iconic and metaphoric gestures (Givry, 2003).
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Recent research suggests, however, that the unit described before is not sufficient for 
describing situated communication—interaction participants actively use structures in 
the setting (e.g., grids, fields, and shape of a hopscotch field or the different images 
from a microscope displayed on a computer screen) as semiotic (meaning-making) 
resources in their communication (Goodwin, 2000; Roth, 2004). We need the 
interplay of talk, gesture and semiotic resources in the setting (called salient elements)
to understand what is being communicated. Because these modalities convey the 
whole meaning but in different and irreducible ways. Furthermore, the perceptually 
salient element in the setting is a term understood as arising from ''a dynamic, 
temporally, unfolding process accomplished through the ongoing rearrangement of 
structures, in the talk, participants’ bodies, relevant artefacts, spaces, and features of 
the material surround that are the focus of the participants’ scrutiny'' (Goodwin, 2000, 
p. 1519). To summarise, we define an idea as a unit of analysis of all relevant semiotic
(meaning-making) resources publicly made available by a speaker (through talk, 
gesture, salient elements of the setting) contained in communication in a specific 
context (Givry & Roth, 2006).

RESEARCH QUESTION

Our research question is what are the contributions of the interplay of talk, gesture 
and semiotic resources in the setting to describe student conceptual understanding in a
teaching sequence about gas?

METHODOLOGY

Based on theoretical approaches about modeling activities (Tiberghien, 2000) a group 
called ''Sesames'' composed of physics teachers and researchers (including the first 
author) designed several teaching sequences. One of them is about gas and was 
designed to be taught over a one-month period (6 lessons) for French students at 
upper secondary school level (grade 10 [15-years-old students]) in agreement with the
French official curriculum. In this study, we give pre and post questionnaires in seven 
classes of French public (state) schools. Two classes with the same teacher were 
studied in greater depth. To achieve a significant data sample, fourteen students from 
different achievement levels—based on the information obtained from the respective 
teachers—were asked, and agreed: (1) to be videotaped during the six lessons and 
give to us their written worksheets and (2) to answer pre/post interviews and 
questionnaires.

Our analysis is a case study of part of the fourteen students. It uses Kronos software to
code videos through: 

-Macro level: the tasks contained inside each lessons of the teaching sequence on gas, 

-Meso level: Teacher and students' actions,

-Micro level: students' express specific words linked to the concepts of gas: pressure, 
volume, quantity, temperature, molecule...

We can replicate the Kronos analysis. However the list of words is not enough to have
access to the meaning expressed by the students. Consequently, we need to do a 
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transcription (including talk, gesture, salient element) of (a) pre and post interviews 
and (b) teaching lessons. Based on semiotic resources contained in oral and written 
language, we reconstruct in great detail all the ideas about gas expressed by students 
during the entire teaching sequence and the interviews. 

RESULTS

We present our results in terms of two assertions :

1. We need simultaneously talk, gesture and salient elements of the context to 
reconstruct the meaning express by student

2. the interplay of talk, gesture and salient element of the setting is pertinent to 
describe the construction and the stabilization of the meaning

1. Meaning conveys through talk, gesture, salient element of the 
context

To illustrate the role of the semiotic resources in the setting, we first analyze the 
transcription containing talk and gesture, and move to a second analysis of the same 
transcript to which relevant elements have been added. Based on this second analysis, 
we articulate the role of semiotic resources in the setting during students’ interaction. 
In particular, we analyse the way students incorporate the semiotic resources in the 
setting as an integral part of their explanation. This can be seen in Episode 1 involving
a student and the interviewer during a 30-minute interview. At the moment of the 
episode, the conversation pertained to the question was, “Where do the helium act 
into a balloon full of helium?”

Episode 1:
01 Interviewer: where the helium act into the balloon ?

02 Student E: It will go up thus that will be more [around here    ].

         [deictic gesture]

Interviewer asks student ''where do the helium act into the balloon'' (turn 01). Student 
respond: “It will go up” (we analyze this sentence as the fact that the balloon full of 
helium goes up) ''thus that will be more around here'' and at the same time points to 
something (turn 02). Her talk and gestures do not give enough information to know 
where the helium is acting into the balloon. We need the interplay of talk, gesture and 
salient element of the setting to understand her explanation (figure 4).
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Figure 4: Student E express through talk, deictic gesture and the salient element (balloon full 
of helium) the idea glossed as ''helium act more into the top of a balloon full of helium'' 

Student says: ''It will go up thus that will be more around here'' (talk) while pointing 
(deictic gesture) with her hand in the direction of the top of the balloon (salient 
element in the setting). To understand the meaning, we need to simultaneously 
analyze the three modalities (talk, gestures, salient element in the setting), which can 
mean that helium act more into the top of the balloon and it could be the explanation 
of the fact that the balloon full of helium goes up. The physic point of view considers 
that helium acts everywhere into the balloon, and we need to compare the density of 
air and helium to understand why the balloon full of helium goes up.

We have more than 70 video extracts in our database, showing that we need to 
analyze simultaneously talk, gesture and salient element of the setting to understand 
the meaning performed by student during communication act.

2. Analysis construction and stabilization of meaning through talk, 
gesture, salient elements of the setting

We propose now to study the evolution of the meaning of the word ''quantity'' 
expressed by a student through the interplay of talk, gesture and salient elements of 
the context. In that aim, we ask a student (called A) : ''what means the word quantity 
in a balloon full of air?''during an interview before (1) and after (2) the teaching on 
gas.

It will go up thus that will be more around here
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2.1. Meaning of quantity under construction before teaching
We propose to show how the interplay of talk gesture and salient element allows us to 
describe the construction of the meaning quantity for a student called A. Example 2 
unfold after a question about the behaviors of three balloons: the first full of air, the 
second full of gas and the third full of helium. The student has to define what means 
the word quantity in a balloon full of air1.

Episode 2:

01 Interviewer : in this balloon there is a specific quantity of air/ euh in your 
opinion what mea- what means for you the word quantity (1s)
02 Student : a specific quantity of air (?) 
03 Interviewer : that's it voilà
04 Student A: well it depen- [symbolic gesture 1]/ quantity/ well it will depend of 
the object [deictic gesture 2]/ here for example in the balloon/ it will be [symbolic 
gesture 3]/ th::e [symbolic gesture 4]/ the quantity [beat gesture 5] it will be exactly 
what's [symbolic gesture 6]/ how to say that/ the the [symbolic gesture 7] the 
[symbolic gesture 8]/ the quantity euh [symbolic gesture 9]/ I don't know how to sa  y 
that [symbolic gesture 10] (laugh)/the [symbolic gesture 11] all there are inside the 
balloon in fact [deictic + symbolic gesture 12] 
05 Interviewer : yep
06 Student A : that will be the quantity [symbolic gesture 13] it will represent 
[symbolic gesture 14] the as the shape of the balloon [symbolic gesture 15]/
07 Interviewer : allright 
08 Student A : the shape [symbolic gesture 16] and you have the volume 
[symbolic gesture 17]
09 Interviewer : Alright thus that is the volume isn't it (?)

10 Student A : yep/ the volume [symbolic gesture 18] 

The interviewer asks what means the word quantity in a balloon full of air (turn 01). 
Student A repeat the words ''quantity of air'' from the interviewer's question (turn 2). 
Interviewer confirms (turn 03) and student A tries to give a definition with many 
hesitation and many gestures before saying ''all there are inside the balloon in fact 
[deictic + symbolic gesture]''(turn 4)''that will be the quantity [symbolic gesture]''(turn
6) that we reconstruct as the idea a ''quantity is all there are inside the balloon''. Then, 
she specifies that ''as the shape of the balloon [symbolic gesture]'' (turn 06) that we 
consider as the idea b''quantity is the shape of the balloon''. Student A speaks again 
about the shape and says ''you have the volume [symbolic gesture]'' (turn 08). 
Interviewer asks student A ''that is the volume isn't it (?)'' (turn 09), and she confirms 

1 The second author, fluent in English and French, translated all transcriptions into equivalent English. 
Our transcription conventions are: (laughs) – transcriber’s comments are enclosed in 

parentheses; [symbolic gesture] – square brackets indicate the kind of gesture; quantity[symbolic 
gesture] – underline indicate where speech and gestures overlap; – (n-dash) – indicates that an

utterance or word stopped short before a completion was evident; (1.0) – time in tenth of a second; / – 
indicate a short pause about 0.1 seconds; : – colon indicates a lengthening of a phoneme by about 0.1 
seconds.
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that yep/ the volume [symbolic gesture] (turn 10), that we interpret as the idea c 
''quantity is the volume''. 

Our analysis of the example 2 shows that talk and gesture are pertinent to describe 
how the meaning of the term ''quantity'' is under construction by student A. Indeed, 
during this short extract, we reconstruct 3 different ideas based on the meaning 
expressed by student A with her talk and 19 gestures and 2 salient element of the 
setting (showing by the two deictic gestures). These gestures are very different in 
terms of : (a) type (symbolic, deictic, beat), (b) movements (vertically, horizontally, 
circle...) and (c) the number of hands (some gestures is performed by one hand and 
others by two). Furthermore, student A express 3 different meanings : a. ''quantity is 
all there are inside the balloon'', b. ''quantity is the shape of the balloon'' and c. 
''quantity is the volume''. The first (a) is close to the physics point of view, whereas 
the others are very far. We consider the fact of using during the same explanation 
many meanings and many gestures with different types, movements... as a good 
indicator of student's construction of the meaning of the term ''quantity''. In others 
words the meaning of this term is not stabilized in the situation of a balloon full of air.

2.2. Stabilization of the meaning of quantity after teaching

We propose to show the stabilization of the meaning of the word quantity during the 
same question of the interview after a one month teaching on gas. Example 3 unfold 
during the interview after teaching during the question about the behaviors of three 
balloons: the first full of air, the second full of gas and the third full of helium. The 
student have to define what means the word quantity in a balloon full of air.

Example 3

01 Interviewer: into the balloon of helium, there is a quantity, could you define
what do you mean by the word quantity

02 Student A: a specific quantity of air/ eu:::h/ the quantity (?)

03 Interviewer : yes

04 Student A : well the number of molecules 

Interviewer ask to student A ''what do you mean by the word quantity'' (turn 01). 
Student A repeats twice the term quantity like to be sure that she understand correctly 
the question (turn 02). Then she define the term quantity by ''the number of 
molecules''(turn 04) glossed as the idea d ''quantity is the number of molecules'' .

This extract shows that student A defines the term quantity as the number of 
molecules without using gesture or salient element of the setting during the interview 
after the teaching sequence of gas. The fact that she uses only talk without other 
semiotic resource during this interview shows an important evolution in regard to the 
definition given during the interview before using 3 different meanings, 19 gestures 
and 2 salient elements of the context. The interplay of talk gesture and salient element
allows us to describe finely the ongoing construction of the meanings of ''quantity'' 
before the teaching and to consider the stabilization of the meaning (quantity is the 
number of molecules) after the lessons only in the situation of a balloon full of air. It 
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is important to specify that in regard to student A the stabilization of the meaning of 
quantity is only in this situation. We need to find if : (1) student A uses the same 
meaning to answer other questions during the interview or (2) she uses this meaning 
in other contexts (class lesson, questionnaire...). In our data, student A does not use 
this meaning in other questions of the interview, but she uses this meaning in some 
situations of the end of the teaching sequence of gas. That allows us to consider that 
this meaning is stabilized in more than one situation.

CONCLUSION

Our results re-enforce the need to use video analysis in science education research, in 
our case to provide a better understanding of students ideas about gas. They show (a) 
that we need to analyze simultaneously talk, gesture and salient element of the setting 
to reconstruct the meaning performed by student during communication act. (b) how 
the interplay of talk, gestures and salient elements could be pertinent to describe the 
construction and the stabilization of the meaning of the word quantity. 

Our study is based on talk, gesture and salient elements. However, some research 
already show that prosodic features of speech (intensity, pitch, pitch contours) are 
further semiotic resources used in classroom conversations (Roth, 2005). Future 
research will show whether and how such additional resources further improve our 
unit of analysis called ''idea''. Furthermore, our results concern only a few students 
during the specific teaching sequence about gas. They cannot be extrapolated to other 
students or in other teaching sequences. However, they can be: (a) compared with 
results of previous studies and (b) considered as assumptions which will be tested in 
new studies.
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Abstract: Video-based classroom research is opening-up exciting new insights into how 

teachers generate productive opportunities for student engagement in quality learning, 

reasoning and the development of their scientific literacy.  The significant role played by 

multimodal representations in learning and teaching becomes evident through the medium of 

video and its analysis. Classroom research that is framed from social constructivist, 

sociocultural, activity theory and social semiotic perspectives highlights the social 

interactions involving multimodal representations which are used to communicate science 

ideas and also act as semiotic resources for meaning making. Social and cognitive processes 

of co-constructing meaning are mediated by talk, embodied representations such as gesture 

and role play, graphical and textual representations. Video offers unique affordances to 

capture the multimodality of these representations and interactions (Flewitt, 2006), however, 

new methods of documenting, transcribing and re-representing such data are needed to 

capture the rich multimodality of the data (Bezemer & Mavers, 2011). This paper outlines 

research methods developed to analyse and represent classroom video data collected in a 

study of primary science teaching and learning funded by the Australian Research Council.  

Keywords: video ethnography, research methods, video data analysis 

 

INTRODUCTION 

For those researching the nuances of the complex interactions and representations that 

mediate teaching and learning, video offers rich affordances with its capacity to capture the 

multimodality of these processes (Flewitt, 2006) and enables researchers to investigate 

phenomena in more powerful ways. Video-based classroom research poses a number of 

challenges including issues of time and costs of capturing quality video and conducting 

analyses. Erickson (2006) and others caution researchers that video data are not objective and 

need careful interpretation taking into account the full range of contextual factors and 

perspectives. Derry et al. (2011) highlight challenges associated with making decisions about 

selecting samples of video for analysis and analytical frameworks and processes. Despite 

these challenges many large scale and international studies are generating video case studies 

which provide rich descriptions of teaching and learning and we have seen the emergence of 

video ethnography (Fitzgerald, Hackling & Dawson, 2013) which provides rich 

documentation of classroom cultures and practices. 

 

As Miles and Huberman (1994) have argued, data analysis involves an interactive process 

between data reduction, data re-representation and the development and validation of 

assertions (see Figure 1). 
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Figure 1. An interactive model of data analysis (Miles & Huberman, 1994, p. 12) 

This paper describes the methods developed to analyse Australian case studies of primary 

science teaching as part of the larger international Equalprime project. The analysis 

commenced with a broad overview taking into account the context of the case and then the 

patterns of teaching and learning in the sequence of lessons. This work requires data 

reduction and re-representation and helps provide the contextual overview which guides the 

selection of teaching-learning episodes that are worthy of much closer analysis. Data 

sampling therefore becomes a significant aspect of video analysis. 

THEORETICAL FRAMING OF VIDEO-BASED CLASSROOM 

RESEARCH 

The Equalprime project has a focus on exploring the ways in which teachers create rich 

opportunities for higher order thinking and reasoning in primary science classes, and the 

ways in which this is achieved within different cultural settings. The wider team of 

researchers hold a broadly sociocultural view of learning which takes account of the ways in 

which various forms of representation created by both teachers and students are powerful 

mediators of learning and have particular meanings within a given classroom culture (Lemke, 

1998; Vygotsky, 1978). It is recognised that within the primary science contexts of our case 

studies, material objects as well as symbolic and embodied representations all act as semiotic 

resources from which meaning is constructed, represented and communicated; teachers and 

students are immersed within a highly multimodal milleu (Kress, 2010). Both material 

objects and other representations can also be considered tools that mediate learning within an 

activity system (Engestrom, 2001) in which teachers and students play particular roles shaped 

by division of labour, rules and culture. In these settings teachers need rich pedagogical 

content knowledge to orchestrate a range of multimodal representations with explicit 

pedagogical links between them to support student meaning making (Hackling, Murcia & 

Ibrahim-Didi, 2013; Scott, Mortimer & Ametller, 2011). The affordances of video enable 

researchers to capture a detailed, permanent and multimodal record of teaching and learning 

which poses a number of challenges for data sampling, reduction, re-representation, and for 

choice of analytical frameworks.  

Our research which is guided by broad questions takes an inductive or whole-to-part 

approach (Derry et al., 2010; Erickson, 2006) to analysis which begins by considering the 
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whole body of video data to identify major events and themes, and then progressively focuses 

on particular events in greater detail. The emerging themes are then interpreted within the 

theoretical framing of the study to generate assertions about teaching, learning and culture. 

 

DATA REDUCTION AND RE-REPRESENTATION 

Data reduction refers to the “process of selecting, focusing, simplifying, abstracting and 

transforming” the rich and complex data sets typical of qualitative research (Miles & 

Huberman, 1994, p. 10). In the initial phases of analysis of our video case studies we have 

found it useful to document the instructional settings employed by the teacher, the sequence 

in which they are used and the time devoted to each instructional setting. By re-representing 

these data as a stacked column graph, broad patterns of teaching-learning activity can be 

identified and assertions can be developed regarding the teacher’s use of instructional time 

(see Figure 2). For example, in this case the teacher uses a mix of whole class, small group 

and individual student activity with almost no non-instructional time. Almost all lessons 

commence and conclude within a whole-class instructional setting and include some small 

group activity. 

This data re-representation has been most helpful in comparing teaching and learning across 

cultures and revealing the prominence of small group work in Australian case studies, whole 

class instruction in Taiwanese cases and individual student activity in German cases. 

 

 

Figure 2. Distribution of various instructional settings throughout the nine lessons of a 

primary science topic 
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These re-representations or intermediate representations of simplified, abstracted and 

reframed data have proved to be very effective for both identifying and communicating 

significant characteristics of the teaching and learning practices and also provided a context 

from which decisions could be made about the parts of the corpus of video to be selected for 

more detailed analysis.   

 

DATA SAMPLING 

Given the typical 16-20 hours of video collected for our Australian video case studies, 

episodes or events have to be selected for more detailed analysis. The selection of episodes is 

driven by the aims of the research, and the analysis and interpretation of the episodes is 

necessarily influenced by the theoretical framing of the research. A sequence of episodes may 

be selected if the purpose of the research is to track students’ learning through a lesson or 

lesson sequence. 

In the Australian primary science case studies, the research purpose was to identify situations 

in which teachers created rich opportunities for higher order thinking and reasoning in 

science. The criteria used to select episodes related to teaching effectiveness in terms of high 

levels of student engagement in scientific thinking and reasoning. Given the age of the 

students and their dependence on multimodal representations and communication, these 

episodes of effective teaching often involved rich multimodality which enabled the research 

team to draw heavily on sociocultural theory and Gunther Kress’ (2010) multimodal semiotic 

theory for data interpretation. The selection of individual lessons or episodes within a lesson 

for detailed analysis were often guided by a teacher’s particularly effective use of discourse, 

orchestration of representations or embodiment as means of creating rich opportunities for 

reasoning and learning. For example, in Grace’s case study (Figure 2), in the first 20 minutes 

of lesson 4 she utilised a sequence of verbal, graphical and embodied semiotic resources to 

support student meaning making which revealed complex skills of orchestration and 

pedagogical link-making worthy of in-depth analysis (Hackling, Murcia & Ibrahim-Didi, 

2013). Links were made by the teacher between representations used sequentially and across 

ensembles of modalities used concurrently. 

 

MUTIMODAL TRANSCRIPTION 

As Bezemer and Mavers (2011) explain, the rich multimodality of the video data has required 

the development of new methods of multimodal transcription and as yet no standard 

conventions have been established by which audio, visual and embodied data can be re-

represented. Carey Jewitt (2009) highlights the importance of investigating intersemiotic 

relationships within multimodal records of teaching and learning to better understand how 

meaning is communicated, represented and made. A significant challenge for the Australian 

case study research was therefore a capacity to construct accounts of events in ways that 

captured the multimodality of the data and provided a capacity to work between transcripts of 

discourse, and view video clips of classroom activity and images, videos and interactives 

utilised by the teacher on an interactive whiteboard. It became necessary to develop 

multimodal transcriptions that include contextual information, time stamps, transcripts of 

discourse, descriptions of semiotic resources such as gestures, role plays, images and 

manipulations of equipment, and images and short video clips embedded into the multimodal 

transcript (see Figure 3). The digital format enabled the researchers to open digital 
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representations of multimodal objects and processes and view them whilst reading the 

transcriptions of discourse and description of how gestures were being used. 

This multimodal transcript modality (Figure 3) extends the matrix style utilised by Baldry 

and Thibault (2006) which combined still photos with descriptions of body movements and 

language used, by embedding digital images and film clips that can be opened and played. 

The inclusion of video clips helps address the challenge of combining the use of language 

and other visual, spatial and temporal elements, but not the perceptual difficulties that arise 

when attempting a simultaneous reading (Flewitt, Hampel, Hauck & Lancaster, 2009). As 

publishing media evolve with increased digitisation it is anticipated that some of these 

representational challenges will be addressed through hyperlinking of images and video clips 

into the multimodal texts of journal articles. 

 

 

TIME 
(mins) 

CLASSROOM 
SETTING 

 
SPEAKER 

 
UTTERANCE 

 
OTHER SEMIOTIC RESOURCES 

 
VIDEO CLIP 

Episode 4 

Teacher uses a diagram of Australia and a satellite image (static and spinning) of the Earth on the IWB to represent, how night 

and day are caused by the Earth spinning on its axis.  Explaining the concepts: the Earth rotates on its axis once a day causing day 

and night, the sun rises in the east and sets in the west.   

11:13  

 

Whole class: 

students 

sitting on the 

floor facing 

the IWB. 

T If I go to the next page, what’s 

happening here?  What can 

you tell me about this picture? 

IWB Slide 31 shows a satellite 

image of the Earth.  Half of the 

Earth is in darkness and the other 

half is in the light. 

 

 S That half of the Earth is dark 

time and the other half is light 

time. 

S points to the dark side and then 

light side of the Earth on IWB Slide 

31. 

 

11:30 T So this half of the Earth is still 

dark and this half of the Earth 

is light...and look at Australia.  

What is the difference between 

Sydney and Perth? 

IWB Slide 31 T points to the west 

coast of Australia which is in 

darkness and then to east coast 

which is in light. 

 

11:44 S Perth is in dark time and 

Sydney is in the light. 

  

 T Sydney is in light and Perth is 

still in the dark time.  So which 

part of Australia sees day time 

first, Perth or Sydney? 

T points to Sydney on IWB Slide 31 

and then points to Perth. 

 

 S Sydney   

12:05 

 

T Sydney gets the sun first.  I 

would like you to think what is 

the Earth actually doing?  The 

earth is doing something. The 

sun would be here providing all 

of the light on this side of the 

globe. What’s the Earth doing? 

Ss view animation of the Earth 

spinning on its axis. IWB Slide 31 

T positions her body on the RHS on 

the screen with her arms extended 

towards the IWB to show where 

the position of the Sun would be in 

relation to the movie. 

 

13:00 S Spinning   

 
 

Figure 3. A sample from a multimodal transcript 

Strand 3 Science teaching processes

523

file:///C:/Users/bsherrif/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/QBDLD4KG/IWB%20Slide%2031%20Notebook.notebook


There is a need to acknowledge that such transcripts are in many ways partial in that they 

only document a sample of the rich data, they are data reductions, re-representations and 

interpretations of the raw data and that transcription is a theory-laden decision-making 

process so that these multimodal transcripts are in no sense a complete or ‘verbatim’ record 

of the events (Skukauskaite, 2012). As Flewitt et al. (2009, p. 45) note, transcripts are 

“reduced versions of observed reality, where some details are prioritised and others are left 

out”. The processes of transcription and interpretation need to be theoretically coherent. 

 

COLLABORATIVE MICRO-ETHNOGRAPHIC ANALYSIS 

Once episodes had been selected and multimodal transcripts developed to document the 

episodes, the research team met to view the video clips, work with the transcriptions and 

collectively conduct an analysis of an episode using a collaborative form of ethnographic 

microanalysis (Erickson, 2006). The team of researchers repeatedly viewed a video sequence, 

reviewed multimodal transcripts, identified significant actions, processes, representations and 

links between them. Given the researchers’ different theoretical and pedagogical 

commitments, initially, each researcher typically focussed on a particular aspect of the 

teaching and learning exemplified by the video data. For example, one researcher would see 

aspects of discourse being highly significant to making sense of the teaching-learning process 

while another researcher would identify embodied representations as being significant. 

Researchers would ‘notice’ an aspect of pedagogy as being salient and then interpret and 

reason through the meaning and significance of that which had been noticed. With repeated 

viewing of the video clip and careful scrutiny of other evidence, consensus between 

researchers emerged as to the themes and relationships in the data and how the effectiveness 

of the teaching and learning practices could be best explained. By triangulating and 

aggregating the perspectives afforded by the professional vision (Sherin & van Es, 2009) of 

the different researchers, much richer documentation and analysis of practice emerged, and 

perhaps more credible data interpretations made than would be possible from an analysis 

conducted by a single researcher.  

The Equalprime case studies of primary science teaching capture the perspectives of the 

teacher and students through pre and post-lesson interviews with the teacher and post-lesson 

debriefs with focus group students some of which are video stimulated discussions. There are 

questions to be explored about the role that the classroom teacher and students play in 

member checking data interpretations to enhance credibility of findings (Janesick, 2000) and 

what relationship there is between these participants giving ‘voice’ within the research, 

providing data, assisting with data interpretation as co-researchers, and/or acting as member 

checkers of data interpretations. 

 

SIGNIFICANCE 

The introduction of video data collection represents revolutions in classroom research 

methodology, however, there are a number of methodological issues and challenges facing 

researchers in this rapidly expanding field of video ethnography. This research study has 

developed and elaborated a number of research methods that can be effectively applied to the 

analysis of classroom video data and makes particular contributions to issues related to 

sampling, methods of analysis and re-representing data to support analysis and to 
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communicate findings. The methods of collaborative micro-ethnographic analysis developed 

in this study extend Erickson’s (1992) methods to address the complexities in analyzing 

video cases which can be viewed from different perspectives because of the various 

theoretical commitments of researchers that influence their professional vision and capacity 

to see significant aspects of teaching and learning practices. The methods of multimodal 

transcription of teaching and learning extend the methods currently employed in social 

research (Bezemer & Mavers, 2011). Given the multimodal nature of video data the necessity 

for intermediate re-representations of data have been shown to be critical for data reduction, 

analysis and communication. As noted by Miles and Huberman (1994), there is an interactive 

and interdependent relationship between data sampling, data reduction, data re-representation 

and data interpretation. For multimodal data, these interactions are more complex given the 

difficulties of adequately representing the relationships amongst the assemblages of semiotic 

resources utilized in teaching and learning. 
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SMALL-GROUP PRACTICAL WORK VS. TEACHER 

DEMONSTRATION IN GEOMETRICAL OPTICS 

 

Jan Winkelmann and Roger Erb 

Goethe-Universität Frankfurt am Main, Germany 

 

Abstract: Practical work in physics education at high schools is of great significance for the 

successful learning progress of pupils as it is the core method in natural sciences. However, 

the way in which practical work in classes should be conducted is still debated. This study 

aims to increase the understanding of this highly relevant topic. We are going to vary the 

grade of pupils’ activity while they are doing practical work in physics lessons. We 

investigate the increase of the pupils’ knowledge as we compare a controlled learning 

environment which is based on the school curriculum of physics in Germany. With regard to 

the learning efforts, differences between the treatment groups are measured by a test that we 

developed. In addition, we look at changes in the “interest of physics” and the “experimental 

self-efficacy”. At both the learning efforts and the affective dimensions we also have a 

differentiated look as we compare boys and girls as well as groups of students differing in 

their previous knowledge. It becomes apparent that both small-group practical work and 

demonstration enhance the learning progress in physics lessons successfully. Some interesting 

trends of differences between the two forms of organization will be illustrated in this article. 

Keywords: Practical work, geometrical optics, learning effort 

 

INTRODUCTION 

At high schools, practical work in physics education is of great significance for the successful 

learning progress of pupils. This method can cause a lot: “Inquiry-type laboratories have the 

potential to develop students’ abilities and skills such as: posing scientifically oriented 

questions […], forming hypothesis, designing and conducting scientific investigations, 

formulating and revising scientific explanations, and communicating and defending scientific 

arguments” (Hofstein & Mamlok-Naaman, 2007, 105). At the same time the influence on the 

understanding of scientific contents remains widely unsettled. In chemistry education 

Rumann (2005) shows that cooperative learning situations have the edge over teacher 

demonstrations and even reduce the divergency between weaker and top-performing pupils. 

In physics education Hopf (2007) advises us that problem-oriented practical work does not 

automatically result in an enhanced conceptual understanding. It is still debated, how practical 

work in classes should be conducted.  

In the following chapter we present a short review about the state of research on learning 

while doing practical work. Due to the broad term ‘practical work’, it is necessary to define 

the term as it applies to this research. Being attached to this theoretical background the design 

of our study and the methods we used are introduced to you. Finally the article ends with a 

presentation of the results we have found in our investigation and a conclusion.   

 

THEORETICAL BACKGROUND 

State of research 
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In general and by physics teachers in particular, it is assumed that pupils increase their 

knowledge of physical contents by experiencing a practical or laboratory physics education. 

As Welzel et al. (1998) have shown many European teachers are confident that pupils achieve 

a better understanding and a link between theory and practice - as required by Hodson (1993) 

- by having small-group practical work.  

The following short review shows that the community of science education has kept busy 

with the question of the effectiveness of practical work at school since the end of the 1960s, at 

least. It also shows that there is no clear indication of how to use practical work in school 

science situations. Our report is based on the review given by Millar (2010) and is 

supplemented through further studies, for example from Germany.  

In 1969, Yager et al. investigated several forms of organization in biology lessons, such as 

‘discussion only’, ‘discussion-demonstration’ and ‘discussion-laboratory’. They could not 

find any differences in understanding the content besides an improved ability of handling of 

material. Atkinson (1981) reports a similar result after comparing demonstration situations 

with small group practical work in the physics topic ‘gas laws’ (see also: Thijs & Bosch, 

(1995) for the field of ‘forces on objects in rest’). Garrett and Roberts (1982) focused their 

comparison on several “teaching tactics” (ibid., p. 139) instead of types of practical work. 

They have found that no tactic has the edge over the other. Hodson (1991) claims that 

practical work “as practiced in many countries, it is ill-conceived, confused and 

unproductive” (ibid., p. 176). This statement falls into place with Dekkers (1993) as he 

reports a greater effectiveness of demonstrations than of small-group practical work. 

However, in 1995, in their comparison between England (many hands-on situations) and 

Spain (fewer hands-on situations) Watson et al. show that the English students had a better 

performance – although the difference was small. Osborne (1998) concludes that practical 

work “only has a strictly limited role to play in learning science and that much of it is of little 

educational value” (ibid., p. 156). In contrast, Anders et al. (2003) could show that doing 

practical work in small groups can be effective and Cibik et al. (2008) determined that any 

experimental work can help to build a correct concept. More current studies in chemistry 

education offer some conditions to improve students’ practical work such as a strictly guided 

instruction (Rumann, 2005) or to give teachers an external feedback to their practical work 

with students (Schulz, 2011). Referring to their own investigation, Thompson & Soyibo 

(2002) call for further studies including greater sample sizes to get more evidence relating to 

the science learning progress.  

In German physics lessons, Tesch (2005) found that two-thirds of the time is used to teach in 

a practical way, including pre-arrangement and post-processing that practical work. 

Therefore, the method of small-group work is dominant with a quiet detailed instruction. 

Another monitoring of physics lessons is described by Börlin et al. (2011) in their comparison 

of physics in Finland, Switzerland and Germany. Both Tesch and Börlin et al. offer categories 

which we will use to define our compared practical work situations.  

 

Definition of practical work 

It is necessary to explain the meaning of ‘practical work’ since this term is used frequently. 

Although terms like ‘to experiment’, ‘to make an attempt’, ‘to do laboratory work’, ‘to 

observe’, ‘to examine’, ‘to analyze’ and ‘to do practical work’ are used synonymously in 

colloquial speech, they have different meanings in science education. The mixture of these 

dictions merits a critical attention (Barzel et al., 2012). Referring to Hacking (1989), we 

define ‘practical work’ in our study as “an activity which involves an intervention to produce 
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Figure 1. Stages of practical work. 

Figure 2. Pre-Post and follow-up design with the treatment groups (yellow boxes). 

the phenomenon to be observed or to test a hypothesis” 

(Hacking, 1989 in: Millar, 2010, 109). However, if the 

activity to produce the phenomenon is missing, e.g. by 

observing a natural phenomenon, that would be 

practical work, which is not in line with our definition. 

Coincidentally for us, the goal of doing ‘practical 

work’ is not only to manipulate things in general but to 

gain a better understanding from it. That is a narrower 

understanding of practical work than given by Lunetta 

et al. (2007) and often used in school contexts. Often in 

physics lessons, as, for example, in geometrical optics, 

the measurements are limited and a great part of the 

experiments is qualitative. Practical work can be used 

for several intentions, e.g. learning in-depth knowledge 

or enhancing experimental competencies. As proposed 

by other research groups in the U.S. (Klahr et al., 2011) 

or in Germany (Schreiber et al., 2009) and in order to 

provide insight into the several stages of practical work 

– planning, execution and interpretation – we label 

them in figure 1.  

 

DESIGN OF THE STUDY 

As shown above, no clear picture emerges within the current state of research. Thus, the 

research questions of this study are:  

1. How does the learning effort develop, if students join different forms of practical work? 

2. How do the interest in physics and the experimental self-efficacy change, if students join 

different forms of practical work? 

The learning efforts as well as the changes of interest and self-efficacy will be measured by a 

pre-post-test and follow-up design. The intervention extends over six double lessons in 

school, in the context of geometrical optics in grade 7 classes – the age of pupils is around 12 

years.  In addition to the three broad tests at the beginning and the end of the intervention, we 

ask the pupils to answer some questions which are linked to contents of the lesson directly at 

the end of every double lesson (figure 2).  
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In our study we compare three treatments. In treatment (1) the students learn a new physical 

content by observing demonstrations. The crucial point is that in case of demonstration the 

majority of students watch one person performing the task. That means that it also may 

happen that a student can be the demonstrator. Another treatment (2) is taught in the 

organization form of practical work in small groups. Due to the fact that a demonstration is 

instructed closely, for reasons of comparability the practical work should be as well. We name 

that treatment “cookbook”. Thus, there are two treatments, which differ mainly in the person 

who does practical work actively.  

Pedagogical psychology gives us the hint, that problems can be solved better by learners if 

they obtain guidance with steps that aren’t too small (Mayer, 2004). The instruction would be 

most effective, if it strikes a balance between free research – almost no guidance at all – and a 

manual, which shows the correct approach in detail. Our third treatment (3) receives such a 

guided and thought provoking instruction. 

In summary we have the following treatment groups: 

1.) demonstration (“demo”). 

2.) small-group practical work with quite detailed instruction (“cookbook”) and 

3.) small-group practical work with open instruction and less detail (“guided”). 

The independent variable is the grade of pupils’ activity in doing practical work. Figure 3 

unites the treatments and shows where the differences are during the stages of practical work 

(in dependence on figure 1). As mentioned before, there are many goals of doing practical 

work. Our implemented practical work situations focused on the observation of phenomena. 

 
 

  

The study takes place in an average school situation. Therefore, we mind the school 

curriculum of physics in Germany. We ask the regular physics teachers to teach our 

developed lessons, so the pupils are taught by a familiar person. The process of testing 

happens anonymously and the pupils’ parents are informed about the participation in the 

study.  

Because there are many variables that influence learning (Wang, 1990) and there is a lack of 

research on the role of laboratory work in school (Hofstein & Mamlok-Naaman, 2007), we try 

to control the most important ones.  

Making sure that all of our treatment groups receive the same contents, we designed 

worksheets for the pupils that structure the lessons and also use teacher scripts to control the 

influence of the teacher-student interaction. That becomes difficult during the last stage of 

Figure 3. Differences between the treatments in stages of practical work. 
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practical work: As Niedderer et al. (1998) indicate, it is implicitly necessary not to leave 

pupils alone with their experimental results. For this reason we follow the suggestion to 

analyze the findings theoretically and to discuss them cooperatively by well-directed 

questions of the teacher. The pupils’ observations are accumulated and noted on the 

worksheets by every single pupil at the end of the lesson. 

The dependent variable of research question 1 is the pupils’ learning effort. We are going to 

look for the increase of knowledge overall, but also a little bit more differentiated. For this 

purpose we distinguish the complexity of test exercises in three theoretical levels: knowledge 

of facts, knowledge of relations and conceptual knowledge (Frehse et. al, in press). In this 

paper this issue will not be discussed. 

 

MEASUREMENT INSTRUMENTS 

To get information about the homogeneity of our treatments we measured the general 

cognitive ability by a cognitive ability test by Heller & Perleth (2000). In addition, we ask for 

the latest school grades in physics, mathematics and German.  

We measure the increase of knowledge by using a test which we developed by ourselves 

(Cronbach’s  = .62). Due to a better test objectivity we decided to use a closed answer 

format (single select: only one of four possibilities is correct). Students’ interest in physics 

will be measured by a test which is based on the questionnaire about students’ interest 

(Hoffmann et al., 1998). To complete our questionnaire, we test the self-efficacy (Bandura, 

2006) in conducting science experiments by using a scale designed by Schroedter (2012).  

 

RESULTS 

About 500 pupils took part in the study, distributed into twenty-two classes of grade seven, 

instructed by nine teachers. For this presentation of results, we ignore the pupils who were 

absent in two or more lessons or did not complete the whole test during the several measuring 

points. So our participants are reduced to n = 428 students. 

The homogeneity of our sample can be taken for granted. As already mentioned, the students’ 

age is about 12 years on average, a view into the treatments shows a similar spreading. 

Altogether 210 girls and 205 boys participate in the intervention (13 students did not indicate 

their gender). A look on the cognitive ability (both cognitive ability test and last grates in 

physics, mathematics and German) shows a balanced starting position for the pretest.  

The variances between the treatments were measured by an univariate ANCOVA with a view 

on the contrasts between the several groups. As a result, not the treatment but one main 

covariate significantly predicts the dependent variable: the learning effort is influenced by the 

teacher, but with a small effect size, F (1, 425) = 11,18; p = .001; r = .16. 

The following figures show the students’ learning effort in each case at the time of the pre- 

and posttest. All in all 17 points could have been achieved by the students. 

Overall view of the three treatments 

Figure 4 shows the development of all students differentiated in accordance with the several 

methods of practical work. The nearly parallel run of the three straight lines illustrates that 

there are no measurable effective differences in the learning effort between the treatments. 

However, it is unfortunate that the treatment “cookbook” starts on a significantly lower level 

than the students who observed the practical work (“demo”). With the help of statistical 
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Figure 4. Development of the learning 

effort of every treatment. 

Figure. 5. Development of learning 

effort in the third of low-achieving 

students. 

Figure 6. Development of learning effort 

according to gender.  

procedures such as “pairwise matching” this variance can be reduced. After that a small – 

even if not significant – advantage for the “demo” treatment can be reported.  

 

Comparison according to performance groups 

On the basis of the pretest results the students have been divided into three sections. For the 

consideration of the learning effort the most interesting differences appear in the third of low-

achieving students (n = 154). The students of the “demo”-treatment are most successful: They 

benefit significantly more from observing the practical work than from the small-group 

practical work with a “guided” instruction, p = 

.005; r = .45 (figure 5). The “cookbook” 

treatment lies in between, but the differences 

to the other treatments are not significant. For 

the stronger students (middle- and high-

performance third), no differences between the 

compared treatments can be observed. 

Comparison according to gender 

Considering the learning effort according to 

the students’ gender, it results in the situation 

shown in figure 6. During the six weeks of 

teaching, which is characterized by practical 

work, the girls learn better than the boys. The 

lead in the comparison is significant but 

comes with a small effect size, p = 007; r = 

.13. The analysis of the girls’ achievement 

shows that step-by-step instruction is mostly 

helpful for the girls. However, this only seems 

Strand 3 Science teaching processes

532



 

 

Figure. 7. The development of self-

efficacy in conducting practical work. 

Figure. 8. The development of interest in 

physics. 

to be a significant trend (p = .066) and the effect size is accordingly small (r = .032). The boys 

seem to profit by every form of practical work in equal measure, but less. 

Results of affective constructs 

As shown in figure 7, the experimental self-efficacy of every pupil of every treatment rises 

slightly. There is no significant difference between three treatments. This is against 

expectation,  

as one’s own participation, in particular, in practical work is believed to improve the self-

efficacy, in particular. 

A similar picture is presented for the other investigated construct (figure 8). This time, the 

interest in physics decreases slightly in every treatment and again there is no significant 

difference between the treatments. Possibly, the intervention is too short to find any 

meaningful development of those affective constructs. In addition, it is unfortunate that the 

treatments differ in the pretest already – for both the experimental self-efficacy and especially 

the interest in physics. 

 

DISCUSSION AND CONCLUSION 

With the data collected in the presented study about the learning outcomes of young students, 

it is possible to get information for which student groups whether the demonstration of 

practical work or the doing of practical work in small groups seems to be the better way of 

learning.  

Concerning the learning effort, according to an overall view of the investigated treatments the 

null hypothesis cannot be rejected. That allows one to conclude that for the learning of the 

contents of geometrical optics it is irrelevant how to implement practical work. At first this is 

reassuring news, as it shows that physics in school is stable. However, the lower-achieving 
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students in particular benefit from a demonstration. With regard to the gender of the students, 

the girls improve significantly more than the boys. In doing so the girls are supported best by  

step-by-step instruction. 

The affective constructs “experimental self-efficacy” and “interest in physics” have a small 

opposing trend. However, the results do not suggest that one kind of practical work has the 

edge over the other in improving attitudes related to physics. Especially for the scale of 

“interest in physics”, it is suspected that the relatively high pretest-level is caused by the 

students’ knowledge being a part of a research study.  

Since September 2013 a further study has run, in which the affective constructs will be edited 

by the students before they know that they participate in a study. Furthermore, additional 

measuring points directly following the execution of the practical work are provided. Thus, 

we want to investigate whether possible differences between the treatments are offset by the 

discussion between the teacher and the class during the post-processing of practical work.   

In addition to the goal of observing a phenomenon, we also include a practical work situation 

to test the hypotheses, which the students drew up. Contrary to the reported study, this 

investigation will be shorter and will focus only on the context of refraction of light. 

 

REFERENCES 

Anders, C., Berg, R., Christina, V., Bergendahl, B., Bruno, K. & Lundberg, S. (2003). 

Benefiting from an open-ended experiment? A comparison of attitudes to, and outcomes 

of, an expository versus open-inquiry version of the same experiment. International 

Journal of Science Education, 25 (3), 351-372. 

Atkinson, E. P. (1981). Influence of practical work on test performance. Research in Science 

Education, 11 (1) 87-93. 

Bandura, A. (2006). Guide for constructing Self-Efficacy Scales. In: Pajares, F. & Urdan, T. 

(eds.). Self-Efficacy Beliefs of Adolescents. 307-337. 

Barzel, B, Reinhoffer, B. & Schrenk, M. (2012). Das Experimentieren im Unterricht. In: Rieß, 

W., Wirtz, M., Barzel, B. & Schulz, A. (eds.). Experimentieren im mathematisch-

naturwissenschaftlichen Unterricht. Schüler lernen wissenschaftlich denken und arbeiten. 

Münster: Waxmann, 103-128. 

Börlin, J., Junge, C. & Labudde, P. (2011). Charakteristika des Physik-unterrichts. Ein 

Ländervergleich. In: Höttecke, D. (ed.). Naturwissenschaftliche Bildung als Beitrag zur 

Gestaltung partizipativer Demokratie. Jahrestagung der GDCP in Potsdam 2010, Berlin: 

LIT-Verlag, 117-119. 

Cibik, A. S., Diken, E. H. & Darcin, E. S. (2008). The effect of group works and 

demonstrative experiments based on conceptual change approach: Photosynthesis and 

respiration. In: Proceedings of the Asia-Pacific Forum on Science Learning and Teaching, 

2 (9).  

Dekkers, P. J. J. M. & Thijs, G. D. (1993). Effectiveness of Practical Work in the 

Remediation of Alternative Conceptions in Mechanics with Students in Botswana. In: The 

Proceedings of the Third International Seminar on Misconceptions and Educational 

Strategies in Science and Mathematics, Misconceptions Trust: Ithaca, NY. 

Frehse, A.-B., Winkelmann, J. & Erb, R. (in press). Expertenrating zu Komplexität und 

kognitiven Prozessen beim Lösen von Testaufgaben. In: Bernholt, S. (ed.). 

Strand 3 Science teaching processes

534



 

 

Naturwissenschaftliche Bildung zwischen Science- und Fachunterricht. Jahrestagung der 

GDCP in München 2013, Berlin: LIT-Verlag (accepted). 

Garrett, M. S. & Roberts, I. F. (1982). Demonstration versus small group practical work in 

science education: a critical review of studies since 1900. Studies in Science Education, 9 

(1), 109-146. 

Hacking, I. (1983). Representing and intervening: introductory topics in the philosophy of 

natural science. Cambridge: Cambridge University Press. 

Heller, K. A., & Perleth, C. (2000). Kognitiver Fähigkeitstest für 4. bis 12. Klassen, Revision 

(KFT 4-12+R). (Test for cognitive skills from grade 4 to 12, revision). Göttingen: Beltz 

Test GmbH. 

Hoffmann, L., Häußler, P. & Lehrke, M. (1998). Die IPN-Interessenstudie Physik. Kiel: IPN. 

Hodson, D. (1991). Practical work in science: time for a reappraisal. Studies in Science 

Education, 19 (1), 175-184. 

Hodson, D. (1993). Re-thinking old ways: towards a more critical approach to practical work 

in school science. Studies in Science Education, 22 (1), 85-142. 

Hofstein, A. & Mamlok-Naaman, R. (2007). The laboratory in science education: the state of 

the art. Chemistry Education Research and Practice, 8 (2), 105-107.  

Hopf, M. (2007). Problemorientierte Schülerexperimente. Logos: Berlin. 

Lunetta, V. N., Hofstein, A. & Clough, M. P. (2007). Teaching and learning in the school 

science laboratory: an analysis of research, theory, and practice. In: Abell, S. K. & 

Lederman, N. G. (eds). Handbook of Research on Science Education. Mahwah, NJ: 

Lawrence Erlbaum, 393-431. 

Klahr, D., Zimmerman, C. & Jirout, J. (2011). Educational Interventions to Advance 

Children’s Scientific Thinking. Science, 333 (3), 971-975. 

Millar, R. (2010). Practical work. In: Osborne, J. & Dillon, J (eds.). Good practice in science 

teaching: What research has to say. Open University Press, 108-134. 

Mayer, R. E. (2004). Should there be a three-strikes rule against pure discovery learning? 

American Psychologist, 59 (1), 14–19. 

Niedderer, H., Tiberghien, A., Buty, Ch., Haller, K., Hucke, L., Sander, F., Fischer, H., 

Schecker, H., von Aufschnaiter, S. & Welzel, M. (1998). Labwork in science education. 

Category Based Analysis of Videotapes from Labwork (CBAV) - Method and Results 

from Four Case-Studies. Targeted Socio-Economic Research Programme, Project PL 95-

2005. 

Osborne, J. (1998). Science education without a laboratory? In: Wellington, J. J. (ed.). 

Practical Work in School Science: Which Way Now? London: Routledge, 165-173. 

Rumann, S. (2005). Kooperatives Experimentieren im Chemieunterricht. Entwicklung und 

Evaluation einer Interventionsstudie zur Säure-Base-Thematik. Berlin: Logos. 

Schulz, A. (2011). Experimentierspezifische Qualitätsmerkmale im Chemieunterricht. Eine 

Videostudie. Berlin: Logos. 

Schreiber, N., Theyssen H. & Schecker, H. (2009). Experimentelle Kompetenz messen?! 

Phydid, 8 (3), 92-101. 

Strand 3 Science teaching processes

535



 

 

Schroedter, S. & Körner, H. D. (2012). Developing a Questionnaire to Measure Students’ 

Self-Efficacy in Conducting Science Experiments. Poster presented at the 4
th

 Biennial 

Conference of the International Society of Psychology of Science and Technology, 

University of Pittsburgh, USA. 

Tesch, M. (2005). Das Experiment im Physikunterricht. Didaktische Konzepte und Ergebnisse 

einer Videostudie. Berlin: Logos. 

Thijs, G. D. & Bosch, G. M. (1995). Cognitive effects of science experiments focusing on 

students’ preconceptions of force: a comparison of demonstration and small-group 

practicals. International Journal of Science Education, 17 (3), 311-323. 

Thompson, J. & Soyibo, K. (2002). Effects of lecture, teacher demonstration, discussion and 

practical work on 10
th

 graders’ attitudes to chemistry and understanding of electrolysis. 

Research in Science and Technological Education, 20 (1), 25-35. 

Wang, M. C., Haertel, G. D. & Walberg, H. J. (1990). What influences learning? A content 

analysis of review literature. Journal of Educational Research, 84, 30-43. 

Watson, J. R., Prieto, T. & Dillon, J. (1995). The effect of practical work on students’ 

understanding of combustion. Journal of Research in Science Teaching, 32 (5), 487-502. 

Welzel, M., Haller, K., Bandiera, M., Hammelev, D., Koumaras, P., Niedderer, H., Paulsen, 

A., Robinault, K. & von Aufschnaiter, S. (1998). Ziele, die Lehrende mit dem 

Experimentieren in der naturwissenschaftlichen Ausbildung verbinden – Ergebnisse einer 

europäischen Umfrage. Zeitschrift für Didaktik der Naturwissenschaften, 4 (1), 29-44. 

Yager, R. E., Engen, H. B. & Snider, B. C. F. (1969). Effects of the laboratory and 

demonstration methods upon the outcomes of instruction in secondary biology. Journal of 

Research in Science Teaching, 6 (1), 76-86. 

Strand 3 Science teaching processes

536



 

PROFESSIONAL KNOWLEDGE OF CHEMISTRY 

TEACHERS 

VIDEO ANALYSIS OF CHEMISTRY LESSONS  
 

Holger Tröger
1
, Martina Strübe

2
, Elke Sumfleth

2
 and Oliver Tepner

1 

1
University of Regensburg, Germany 

2
University of Duisburg-Essen, Germany 

 

Abstract: Research shows a distinct relation between the quality of instruction and 

students’ achievement. Recent studies highlight the relevance of an appropriate use of 

technical language, the handling of students’ conceptions, experiments and models for 

students’ achievement and teaching. Nonetheless, research lacks scientific findings 

regarding the relationship between teachers’ professional knowledge and their 

classroom action. Teachers’ professional knowledge is subdivided into the three core 

categories content knowledge (CK), pedagogical knowledge (PK), and pedagogical 

content knowledge (PCK). It can be investigated as an important aspect of 

instructional quality and seen as precondition for improving students’ achievement 

and learning.  

The presented study focuses on the relationship between secondary school teachers’ 

professional knowledge, their acting in chemistry classes and their students’ 

achievement and motivation. The analysis are conducted by high-inferent video 

analysis, students’ achievement tests, motivation tests, and teachers’ professional 

knowledge tests.  

Currently, manuals for analysing videotaped lessons under aforementioned aspects of 

teachers’ classroom action (use and dealing with technical language, experiments, 

scientific models, students’ conceptions) are in the development stage, pre-tests are 

used and teachers’ lessons are videotaped. This article presents the development of an 

approved content knowledge test and the first steps of the development of a PCK-test 

as well as the study’s design and methodology.  

 

Keywords: PCK, experiments, scientific models, chemistry language, students’ 

conceptions 

 

INTRODUCTION 

Shulman (1987) proposed seven categories of professional teacher knowledge that are 

important for teaching. Today three categories pedagogical knowledge (PK), content 

knowledge (CK), and pedagogical content knowledge (PCK) are mainly discussed, 

especially in subject-specific education (Abell, 2007; Baumert et al., 2010). 

Pedagogical knowledge is the knowledge about arranging a classroom atmosphere, 

which is supportive for learning (Krauss et al., 2008). Content knowledge on the one 

hand is the in-depth knowledge of the subject’s content (Krauss et al., 2008) and its 

development. Pedagogical content knowledge on the other hand is the knowledge of 

arranging the content in an appropriate way for students and of teaching it 

comprehensible (Krauss, S., Neubrand, M., Blum, W., Baumert, J ., Brunner, M., & 

Kunter, M., 2008).  
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This study investigates the relationship between teachers’ professional knowledge and 

their acting in chemistry classes. Furthermore, the relationship between teachers’ 

professional knowledge and their students’ learning achievement and motivation is 

examined.  

 

FOCUSING ON ASPECTS OF PCK 

Teachers’ professional knowledge is a complex conceptualisation including a lot of 

different aspects. This project focuses on four different aspects of PCK, teachers’ 

handling of experiments, models, chemistry language, and students’ conceptions. 

Focus: Teachers’ handling of experiments and models 

Amongst others PCK involves the knowledge about models and modelling (Gilbert, 

2004) and the use of experiments as one way of representing and acquiring the 

subjects’ content and methods (Shulman, 1986). Studies (e.g. Maia & Justi, 2009) 

show that modelling activities support the learning process. Hence, PCK is assumed 

to correlate with teachers’ handling of models and experiments, which supports 

learning processes.  

Focus: Teachers’ handling of chemistry language and students’ 

conceptions 

In addition to the aforementioned aspects, the use of technical language can be 

assigned to teachers’ professional knowledge. Teachers’ use and handling of 

chemistry language is an important precondition for developing students’ language 

competency and domain-related understanding. Studies indicate the relevance of a 

high-quality use of technical language for students’ learning achievement (Norris & 

Phillips, 2003; Wellington & Osborne, 2001; Yore & Treagust, 2006). Therefore, the 

handling of chemistry language can be assumed to be an indicator for PCK. 

Additionally, research points out the relevance of students’ conceptions for the 

learning process (Scott, Asoko, & & Leach, 2007). In consequence, the knowledge of 

students’ conceptions and the dealing with them can be estimated to be linked to the 

teachers’ PCK.  

 

RESEARCH QUESTIONS AND HYPOTHESES 

Figure 1 shows the examined relationship of teachers’ acting and their PCK covering 

all four aforementioned aspects of PCK.  

Teachers‘ Professional Knowledge

PK CKPCK

Teachers‘ acting in class

Models and Experiments Chemistry Language Students‘ Conceptions Content Structure
 

Figure 1. Investigation of teachers’ professional knowledge by analysing their acting. 
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The assumptions lead to the following research questions and hypotheses: 

Q1: To what extend does teachers’ professional knowledge influence their 

acting in class? 

H1.1: Teachers with a high professional knowledge show a more appropriate 

use of chemistry language and students’ conceptions than teachers with 

a low professional knowledge.  

H1.2: Teachers with a high professional knowledge show a more appropriate 

handling of scientific models and experiments than teachers with low 

professional knowledge.  

Q2: To what extend does teachers’ professional knowledge influence 

students’ learning achievement and motivation? 

H2: Students show better learning achievement and motivation if they are 

taught by a teacher with high professional knowledge than if their 

teacher‘s professional knowledge is low.  

 

METHODS AND DESIGN 

In this study, video analyses are combined with paper-pencil-tests in order to collect 

data concerning the knowledge of teachers and students (Kagan, 1990). Using these 

two methods, the teaching of 40 chemistry teachers in 8 grade upper secondary 

schools will be analysed. The designated topic of the lessons will be the periodic table 

of elements and atomic structure. Figure 2 illustrates the test-design. 

Testing I

Students‘ Content Knowledge 
Paper-Pencil-Test

Students‘ Motivation
Questionnaire

Teachers‘ Professional Knowledge
Professional Knowledge Test

Lesson 1

Teachers‘ Acting
Videotaping

Students‘ Motivation
Questionnaire

Lesson 2

Teachers‘ Acting
Videotaping

Students‘ Motivation
Questionnaire

Testing II

Students‘ Content Knowledge 
Paper-Pencil-Test

 Figure 2. Test-Design. 

 

Before the recorded lessons take place, teachers’ professional knowledge will be 

surveyed using a developed and evaluated test from prior project (Dollny, 2011; 

Thillmann & Wirth, unpublished). In addition, students’ motivation will be surveyed 

by a questionnaire and their previous content knowledge is gathered by a newly 

developed content knowledge test.  

40 content knowledge test-items, constructed within prior and ongoing projects, have 

been evaluated in two different test-sets, each consisting of 25 items with an overlap 

of 5 items. The items were chosen and constructed to cover the taught content as 

broad as possible. The evaluation took place in spring and summer 2013 using Rasch 

Analysis (N=149). The test evaluation shows satisfactory item reliability (.92) and 

discrimination values (>.54). 30 out of 40 items have been chosen based upon their 

item functioning and used in order to create the final content knowledge test.  
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After the pre-test two consecutive lessons of the teachers’ are videotaped. After each 

lesson, students’ motivation is surveyed. At the end of the teaching to the 

aforementioned topic, students’ content knowledge is surveyed by a post test. In 

addition to that, teachers’ professional knowledge concerning the handling of 

chemistry language and handling of models is raised. 

Teachers’ Professional Knowledge Test 

In order to survey teachers’ professional knowledge regarding the aforementioned 

focus aspects a new test was constructed similar to the test of the prior project by 

Sabrina Dollny (2011). In this test, the study participant is presented a specific 

situation in which a fictitious teacher shows four different and independent 

opportunities for adequate classroom action. The study’s participants are asked to rate 

each action on a rating scale from 1 (very appropriate) to 6 (very inappropriate). 

Using this test-pattern, each participant answers to 15 situations in which the teachers’ 

handling of chemistry language is focused and 15 in which the focus is on the 

teachers’ dealing with models. Referring to this pool of 30 items, two test-sets have 

been developed and evaluated.  

The presented test was answered by 9 professors for chemistry education. Their 

combined expertise was used as reference for the test’s scoring. This reference was 

used to evaluate the test, using answers of 49 secondary school teachers (ntest-set A =26, 

ntest-set B=23). The test shows a satisfactory to moderate reliability (.51 < α > .81), 

depending on the observed scales and subscales.  

The test items regarding the teachers’ handling of chemistry language on the one hand 

and the handling of models were evaluated using different methods.  

Handling of chemistry language 

To evaluate the PCK-test regarding the handling of chemistry language, all answers 

on the 6 six-step rating-scale were recoded to fit a dichotomous scale, differentiating 

only between the participant’s approval and refusal regarding the possibilities of 

action.  

The aforementioned expertise of the nine professors for chemistry education was used 

to create a scoring key and all answers on the now two-step rating-scale were rated to 

be “right” (in line with the expertise) or “wrong” (not in line with the expertise). The 

evaluation of the experts’ answers shows an acceptable reliability (α=.81) and gives 

indications of the usability of items for the final PCK-test. These indications, item 

difficulties and discrimination, serve as a foundation for the item selection. 

Handling of models 

To evaluate the PCK-test regarding the handling of models, the expertise of the nine 

aforementioned professors for chemistry education is used to formulate relations 

between each four opportunities of actions per item. These relations rate each 

opportunity of action in relation to the other and form an ordinal order. The teachers’ 

answers are evaluated based upon the relations and show an acceptable reliability. As 

a consequence, opportunities for action showing bad item discrimination were revised 

and three items of each scale were excluded from the final test. After revising the test, 

12 items of each of the two scales were used for the current version of the test. 
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Video Analysis 

The recorded lessons will be analysed in-depth under the mentioned focus aspects of 

teachers’ professional knowledge using specific manuals for the respective video 

analysis. Each manual will be developed based on theory and video data from prior 

projects. In order to evaluate the constructed manuals for video analysis, each manual 

will be used by two raters to analyse five videos from prior video projects. As soon as 

the inter-rater reliability is acceptable (Cohen’s κ > .75) the manuals will be used to 

analyse the projects video-data thoroughly.  

The results of the analysis will be correlated to students’ learning achievement and 

motivation and teachers’ professional knowledge.  

 

SUMMARY 

Currently, the main study is in progress. The pre-tests are used to survey students’ 

prior content knowledge to the topic of atomic structure and the periodic table of 

elements, and teachers’ professional knowledge. The used test was constructed on 

basis of content knowledge questionnaires of prior projects and specifically developed 

items. Evaluation showed a good item reliability and satisfactory person reliability as 

well as decent discrimination values. After the pre-tests, teachers’ lessons are being 

videotaped and the students’ motivation during each lesson is measured. At the end of 

the teaching sequence, teachers’ professional knowledge regarding the focused 

aspects of PCK is surveyed and students’ learning gains content knowledge are 

measured. The teachers’ handling of chemistry language and their handling of models 

is gathered using a newly developed PCK-test. A pilot study shows mediocre to 

satisfactory reliability values for the newly constructed test, depending on the 

measured scales.  

The coding manuals for video analysis are in developmental stage. Till summer 2014, 

the forthcoming lessons will be videotaped and the in-depth analysis of teachers’ 

classroom action shown in the videos will start.  

Depending on the findings, the results will help to understand the influence of 

teachers’ professional knowledge on teachers’ actual acting in class and students’ 

achievement and motivation. The findings will be of high value to improve the quality 

of teachers’ education at university and school. In addition, the developed instruments 

should be an adequate alternative to analyse teachers’ classroom acting faster and 

diagnose their professional knowledge more precisely compared to video vignettes. 
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OF TRIPLET RELATIONSHIP ON THEIR DECISION TO 

TEACHING TRIPLET IN CHEMISTRY 

Sibyl Wong and Alice Siu Ling Wong 

The University of Hong Kong, Faculty of Education, Hong Kong 

Abstract: Since early nineties, Johnstone (1991) introduced the idea of three levels of 

representation in chemistry, the first is ‘descriptive and functional’, the second is ‘explanatory’, 

and the third is ‘representational’. These three levels of chemistry representation were named as 

‘triplet relationship’ (Gilbert & Treagust, 2009). Despite considerable research evidence about 

the positive impact of explicit teaching of triplet relationship on students’ conceptual 

understanding in chemistry, it is not commonly seen in Hong Kong chemistry classrooms. The 

lack of enthusiasm among chemistry teachers in implementing this approach in teaching 

chemistry suggests that there are issues and concerns to be resolved before teachers see 

considerable advantages of this approach over their current practices. This study follows Boz and 

Boz’s (2008) arguments to explore: What and how much of pedagogical knowledge related to the 

triplet relationship do chemistry teachers possess, and does such pedagogical knowledge affect 

their decision to teach the triplet relationship in their lessons, and how? Three chemistry teachers 

were recruited for this multiple-case qualitative study. The data collected from each teacher 

includes field notes taken during the class observation, video record of all lessons observed, 

artefacts of lesson materials, and hours long in-depth interviews were conducted with each 

teacher. Simon’s pedagogical knowledge of triplet relationship is comparatively weaker than 

others, he thinks linking up any two levels is adequate. Pamela has good pedagogical knowledge 

of triplet relationship, she uses macroscopic as the core of teaching, followed by 

(sub)microscopic level explanation and symbolic level representation. Johnson has very good 

pedagogical knowledge of triplet relationship, he thinks choosing the appropriate context is the 

most important idea of teaching triplet, such as teaching with demonstration as the core for the 

topic of acid, focusing on particle theory for the topic of periodicity, and using graphs as the 

major pedagogies to teach equilibrium. 

Keywords: Chemistry, Instructional strategies, Teacher professional development 

 

 

BACKGROUND AND RATIONALE 

Since early nineties, Johnstone introduced the idea of three levels of representation in chemistry, 

the first being ‘descriptive and functional’, here named as ‘macroscopic’, which is mainly about 

something tangible in chemistry such as colour and conductivity. The second level is 

‘explanatory’, here named as ‘sub-microscopic’, which is mainly about ions, atoms and 

molecules, while the third level is ‘representational’, here named as ‘symbolic’, which is mainly 

about symbols, formulae and equations (Johnstone, 1991). These three levels of chemistry 

representation were named as ‘triplet relationship’ (Gilbert & Treagust, 2009).  

Johnstone and El-Banna (1986) encourage students to learn chemistry concepts by thinking 

about them at three levels: the macroscopic, sub-microscopic and symbolic levels. Kozma & 
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Russell (1997) suggest that the development of skills in translating/transforming among different 

levels of representation is advantageous to learning chemistry and Gabel (1999) believes that 

relating macroscopic/sub-microscopic/symbolic levels of chemistry representations could 

enhance conceptual understandings. Experimental studies were carried out in order to examine 

whether learning the triplet relationship benefits students’ learning outcomes. For instance, 

educators (e.g. Bunce & Gabel, 2002; Treagust & Chandrasegaran, 2009) concluded their 

findings that if students are taught explicitly with ‘macroscopic/sub-microscopic/symbolic’ 

representations, they would have better conceptual understanding and competency in describing 

and explaining chemical reactions. 

Despite considerable research evidences about the positive impact of explicit teaching of triplet 

relationship on students’ conceptual understanding in chemistry, such an instructional practice is 

not commonly reported globally and it is not commonly seen in Hong Kong chemistry 

classrooms. The lack of enthusiasm among chemistry teachers in implementing this approach in 

teaching chemistry suggests that there are issues and concerns to be resolved before teachers see 

considerable advantages of this approach over their current practices.  

 

FRAMEWORK 

Teachers’ decision making upon planning and implementing an instructional task could be fairly 

complex (Clark, 1988), it could be determined by teachers’ knowledge base Shulman, (1986, 

1987) which includes (1) subject matter knowledge, (2) pedagogical content knowledge, (3) 

curricular knowledge, (4) general pedagogical knowledge, (5) knowledge of learners and their 

characteristics, (6) knowledge of educational contexts, and (7) knowledge of educational 

purposes, and it could also be affected by teachers’ beliefs and attitudes towards teaching (Van 

Driel, Beijaard, & Verloop, 2001). Boz and Boz (2008) argue that ‘general pedagogical 

knowledge’; ‘subject matter knowledge’; and ‘knowledge about students’ difficulties’ are main 

factors affecting teachers’ choice of teaching practices. The study follows on Boz and Boz’s 

arguments to explore the three factors corresponding to triplet relationship that may affect 

teachers’ decision about teaching the triplet relationship in their chemistry classrooms, illustrated 

by figure 1.  

Here we report on the findings related to the one of the investigated factor, i.e. the findings 

centre around the following research question: 

What and how much of pedagogical knowledge related to the triplet relationship do chemistry 

teachers possess, and does such pedagogical knowledge affect their decision to teach the triplet 

relationship in their lessons, and how? 
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Teachers' 

intention to 

teach Triplet 

Relationship

Learning 

Outcomes related 

to Triplet 

Relationship 

(LOTR)

Pedagogical 

Knowledge related 

to Triplet 

Relationship 

(PKTR)

Other factors

Understanding of 

Triplet 

Relationship (UTR)

Figure 1. Theoretical framework of the study 

 

METHODOLOGY AND METHODS 

This is a multiple-case (Yin, 2003) qualitative study (Guba & Lincoln, 1994; Henning, et al., 

2004), which aims to provide an in-depth description of a small number of cases. Three 

chemistry teachers were recruited for in-depth study using a purposive and convenience 

sampling approach.  

Sample teachers were selected by means of two sampling methods, namely convenient and 

purposive. The convenient sampling method involved inviting teachers who had been 

recommended by two local science teacher educators in my Faculty. They all are former 

Postgraduate Diploma in Education (PGDE) students, major in chemistry education, who have 

maintained close contact with the educators. The purposive sampling method involved selecting 
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teachers who fulfil the requirements needed for the purposes of this study: (1) they are chemistry 

teachers who have been allocated with reasonable number of chemistry lessons by their schools 

so that arrangement of observations of their chemistry lessons can be made; (2) they are keen on 

improving the quality of their teaching and students’ learning; (3) they show initial intention to 

teach the triplet relationship in their chemistry lessons; and (4) their schools will be cooperative 

in allowing teachers to participate in projects which they consider helpful to their own 

professional growth even though it might involve attempts of a new teaching approach. As a 

result, they are recruited and demographic data were collected during the first semi-structured 

interviewed and thus their backgrounds are summarized in table 1.  

 

Table 1 

General backgrounds of three sampled teachers 

Name Johnson Pamela Simon 

Undergraduate 

study 
Chemistry Chemistry Chemistry 

Postgraduate 

study 

PhD (Chemistry); 

Postgraduate Diploma 

in Education (PGDE) 

Postgraduate 

Diploma in 

Education (PGDE) 

MSc (Environmental 

Science); Postgraduate 

Diploma in Education 

(PGDE) 

Years of teaching 

chemistry 
4 years 8 years 10 years 

Teaching level s.1-s.7 (grade 7-13) 
s.5-s.7 (grade 11-

13) 
s.3/4/7 (grade 9/10/13) 

Teaching subject 
Chemistry and 

Integrated Science 
Chemistry Chemistry 

 

Explaining teachers’ decision on teaching or not the triplet relationship with their pedagogical 

knowledge related to the triplet relationship, which includes pedagogical knowledge (and skills) 

of designing and implementing the lessons. Teachers choose chemistry topic(s) for teaching the 

triplet relationship and then start planning and designing the lessons. I visit them and observe 

their lessons. Field notes taken during the class observation, video record of all lessons observed, 

artefacts of lesson materials are carefully collected. The first author conducted post-lesson semi-

structured interviews with each teacher, eliciting their thoughts on planning and designing of the 

lesson, their choices of teaching sequence, teaching strategies, and teaching materials. Where 

appropriate, the relevant video episodes of the classroom activities were showed to recall 

teachers’ memories and facilitate their elaboration.  

Data analysis is conducted once data collected throughout the year of data collection period. All 

different types of qualitative data are transcribed, coded, categorized, and analysed. For instance, 

data for ‘teacher’s pedagogical knowledge’ are coded and categorized, sub-categories such as 

‘planning’; ‘implementation’; ‘teaching sequence’; ‘teaching materials’; ‘teaching pedagogies’, 

etc are used. Further analyses are conducted from these sub-categories of data, and conclusions 

for unpacking the factors affecting chemistry teachers’ decision on teaching triplet relationship 

or not will be drawn.  
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RESULTS 

Simon’s pedagogical knowledge reflected from his teaching 

Simon teaches with a wide range of pedagogies, such as lecture, self reading, demonstration, 

hands-on activity, etc. Since Simon’s school has its own teaching/learning theme yearly, and the 

theme of the year I observed his teaching was “graphic organizer”, Simon planned some of his 

lessons aligning with the theme.  

Simon does not teach the triplet relationship very explicitly as he said at the beginning of the 

study, but he talks about it either at the beginning of a topic as an introduction or towards the end 

of a topic as a summary. For instance, he chose teaching the triplet relationship on the topic of 

REDOX, and he chose to teach the triplet relationship at the beginning as an introduction. Simon 

drew a big triangle on the blackboard and asked students what labels he should put down on each 

corner of the triangle, and students knew clearly that they are “macroscopic”, “(sub)microscopic” 

and “symbolic”. He then facilitated students to list the learning issues under each corner, as a 

result they listed “observation”, “reaction”, “chemical cell”, “electrolysis” for macroscopic; 

“what is happening inside the cell” for (sub)microscopic; and “REDOX equation”, “oxidizing 

agent”, “reducing agent”, “acid/base” for symbolic. This was how Simon started to teach the 

triplet relationship of REDOX.  

Pedagogies used by Simon for enhancing students’ understanding of macroscopic 

level 

Simon agrees that teaching Chemistry with demonstrations and hands-on activities enhancing 

students’ macroscopic level of understanding, so that he arranges as many laboratory 

opportunities as he can on teaching each topic. According to one local exchange student’s 

comment, comparing with other Chemistry teachers in her school, the numbers of hands-on 

activities Simon prepared are a lot more than that arranged by other Chemistry teachers in her 

original school.  

After teaching the three ways of defining REDOX, “oxygen transfer”, “electrons transfer” and 

“oxidation number change”, many students were still not sure if all three conditions must be 

fulfilled or only fulfilling any one of them in order to determine whether the reaction is a 

REDOX. Simon realized students’ difficulties and thought of a way to resolve it, he decided to 

use a demonstration on the following day in order to provide students some kind of visual impact 

and observable proof before he elaborate his teaching. Simon prepared to demonstrate the 

reaction between Magnesium and Copper (II) Sulphate, students predicted the observations of 

blue colour fading and reddish brown solid forming due to the change of Copper (II) ions to 

Copper metals, and they witnessed both observable predictions. Simon asked students if they 

could see any oxygen transfer from equation or observation, if they could see any electrons 

transfer from equation or observation, and if they could see any oxidation number change from 

equation or observation. Students said that they could not see any oxygen transfer, but they could 

see electrons transfer from equation and supported by observation, and they could also see 

oxidation number change from equation. Simon then told them if a reaction fulfils any one of the 

three conditions, it is a REDOX, and the demonstrated reaction is a REDOX.  
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Pedagogies used by Simon for enhancing students’ understanding of 

(sub)microscopic level 

Simon believes that his understanding in (sub)microscopic level is not so excellent that his 

teaching on this level is not good enough. Since (sub)microscopic level of understanding is not a 

usual assessing area in public examinations in Hong Kong, Simon never deeply reflects on how 

to improve his teaching in this area. Owing to two reasons, Simon seriously considered 

improving his teaching: (1) the yearly teaching/learning theme of his school was graphic 

organizer and (2) (sub)microscopic level is one of the critical elements of the triplet relationship.  

When Simon taught Volumetric Analysis, instead of just teaching from the perspective of 

symbolic level of understanding such as M1V1 = M2V2, he tried to explain the concentrations 

before and after dilution, he used a pictorial representation (Figure 2) to facilitate his students’ 

(sub)microscopic level of understanding, and he used some other authentic and macroscopic 

level of understanding, such as diluting tea or orange juice and cutting cake, to link up the 

abstract and difficult concepts.  

 
Figure 2. Enhancing understanding of (sub)microscopic level of Volumetric Analysis 
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Pedagogies used by Simon for enhancing students’ understanding of symbolic level 

Simon agrees that teaching symbolic level of understanding can be very arithmetic sometimes, so 

he usually tries to link up the symbolic level with another level of understanding. When Simon 

taught students choosing the appropriate indicator for different types of acid-base titration, he 

could have simply taught them four acid-base titration conditions and asked them to memorize 

using which indicator for which condition. However, he decided to teach them with deeper 

understanding since he believed that class of students were more capable cognitively. Using four 

titration graphs which typically taught in A-level in the past: strong acid and strong base; strong 

acid and weak base; weak acid and strong base and weak acid and weak base, Simon easily 

linked them up with the macroscopic level of understanding which is the colour change of 

different indicators, and hands-on activities were arranged to support students’ observational 

impacts purposively.  

Pamela’s pedagogical knowledge reflected from her teaching 

Pamela uses a wide range of teaching pedagogies in order to teach the triplet relationship in 

different contexts, and it seems to me that there is a pattern. For instance, she uses 

demonstrations to enhance students’ observations in order to have better understanding in the 

macroscopic level, she uses models and animations to illustrate (sub)microscopic level of 

understanding, and she uses simulations to enhance students’ understanding of the symbolic 

level such as getting data and plotting graph.  

Pamela criticized that the textbooks used in Hong Kong do not spell out the triplet relationship 

clearly, Chemistry teachers have to be very experienced and skilful in order to dig out the triplet 

relationship from the textbooks and apply in their teachings. So Pamela designs her own 

teaching/learning materials, with careful considerations and explicit incorporation of the triplet 

relationship. She elaborated and said,  

Pedagogies used by Pamela for enhancing students’ understanding of macroscopic 

level 

Pamela believes that different pedagogies enhance students’ understanding on different levels of 

the triplet relationship. Macroscopic level of understanding is mainly focused on observations; 

Pamela usually uses either hands-on experience or demonstration to improve students’ 

observational skills and thus their macroscopic level of understanding. Since her class sizes are 

usually small and she prefers to let her students to gain their own hands-on experiences. Only if 

dangerous chemicals such as concentrated acids are involved in the experiments, Pamela rather 

demonstrates the experiments. Moreover, if the experiments require extremely careful and 

precise observations, Pamela demonstrates the experiments and requests students to pay extra 

attentions on all observations.  

Pedagogies used by Pamela for enhancing students’ understanding of 

(sub)microscopic level 

Pamela believes that the education system and examination system in Hong Kong do not demand 

a lot of (sub)microscopic level of understanding from students, so that many teachers usually put 

their teaching foci on the macroscopic level and symbolic level, especially if they put their 

teaching priority on coping with the public examination. (Sub)microscopic level of 

understanding is the weakest level among three for most of the students in Hong Kong. It turns 
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out that they cannot link up all three levels of relationship and thus they do not understand the 

Chemistry concepts deeply. As a result, Pamela tries to use different pedagogies to strengthen 

students’ understanding of (sub)microscopic level, such as using models and computer assisted 

methods.  

Pamela often uses “ball and stick model” to improve students’ understanding of 

(sub)microscopic level such as atoms, ions, molecules, compounds, bonding, structures, shapes, 

etc. These are all abstract knowledge to many secondary school students and one of the major 

reasons leading to their learning difficulties is invisibility. Pamela usually encourages her 

students to play around with the ball and stick model and build their own knowledge from there.  

For instance, Pamela taught her S.4 class on the topic of Polarity, she inspired her students to 

think of the differences between polar molecules and non-polar molecules from the perspective 

of their bonds and shapes such as CH4, NH3 and H2O, she asked her students to build the 

molecular models for each and pay attentions to the details such as bond pairs, lone pairs, 

repulsion forces, bond angles, etc.  

When Pamela taught her S.4 class on the topic of Hydrogen bond, she taught the idea of ice 

floats above water, she explained it with the concept of shapes, structures and densities of both 

water and ice. Pamela used animations 

(http://www.northland.cc.mn.us/biology/biology1111/animations/hydrogenbonds.html) to 

illustrate the hydrogen bond formation within H2O(s), the hexagon shapes formed by many H2O(s), 

and thus the concept of open cage structure 

(http://www.worldofmolecules.com/interactive_molecules/ice.htm) leading to the explanation of 

the lower density than water. Finally, Pamela showed students the ball and stick model of ice in 

order to strengthen their understanding.  

Pamela started to use computer assisted teaching methods since the first year of her teaching 

career to facilitate students to learn the (sub)microscopic level of understanding. She started to 

learn how to use “Flash” and “PowerPoint” to demonstrate atomic model instead of using text 

and verbal.  

Pamela believes that different kinds of computer assisted teaching, such as animations and movie 

clips, are especially useful and helpful to accommodate some classroom teaching limitations, for 

example something too tiny that no one can never observe and large scale experiments which are 

not feasible to be carried out in school laboratories. She insists that animations and movie clips 

are not only visual impact or excitement like watching cartoon, but really helping her students 

especially those are less capable to understand the (sub)microscopic level of Chemistry a lot 

easier.  

Pedagogies used by Pamela for enhancing students’ understanding of symbolic 

level 

From the classroom observations, I realize that Pamela often uses simulations to promote 

students’ symbolic level of understanding. When I conducted interviews with Pamela, I clarified 

with her if this is her purposive arrangement and if this is her teaching pattern. Surprisingly that 

she said she did not realize with any teaching pattern, although she has some kind of intentions to 

use simulation. I asked her to reflect if simulations help in learning triplet and she said, “macro 

and symbolic… observe the change from the simulations, collect the very accurate data… for 

calculations and graphs… macro and symbolic”.  
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Johnson’s pedagogical knowledge reflected from his teaching 

Johnson describes himself as a young teacher, not by means of age but teaching experiences, he 

said that he is still learning how to teach a mass class which usually consists of forty students 

with a big range of diversity. Johnson said that he wishes to teach small class that he could have 

better understandings on each student’s needs and thus providing better teaching/learning 

interactions. Some students like to ask him questions after class instead of during class, Johnson 

describes that he knows more precisely how to help those students. On the other hand, he needs 

to cater the majority of the class, he needs to plan very carefully what he should teach and how to 

teach, and what not to teach and how to avoid touching them.  

Johnson is not able to tell clearly what kind of pedagogy he prefers to use for teaching the triplet 

relationship, but he thinks the more important issue for teaching the triplet relationship is how to 

organize, how to interpret and present to his students, and the most importantly is helping his 

students to construct their own knowledge.  

Pedagogies used by Johnson for enhancing students’ understanding of 

macroscopic level 

Johnson generally agrees that hands-on experiments and experiment demonstrations are the best 

means to enhance students’ understanding of macroscopic level. He prefers experiment 

demonstrations than hands-on especially when he needs to probe students’ deep understandings. 

Johnson used a very good demonstration to start his teaching on the topic of acid, he 

demonstrated contradictory behaviours between solid citric acid and aqueous citric acid in order 

to give his students some impacts before he taught them the abstract concepts of H
+
(aq). Johnson 

demonstrated reactions between both solid state and aqueous state of citric acid with metal, 

carbonate/hydrogen carbonate and litmus paper, students witnessed clear observable changes on 

aqueous citric acid but nothing on solid citric acid, this kind of contradictory impacts impressed 

students and they certainly lead to certain level of learning curiosity and learning interest.  

Johnson usually incorporates recalling, predict-observe-explain (POE), real life examples, etc. to 

enhance the experimental activities. He believes that recalling helps students to relate their 

preconception, gained from previous experimental experiences, to the current context. For 

example, before Johnson teaching students about the trend of conductivity of Group I metals, he 

tried to recall students’ fundamental knowledge of Sodium and Potassium by reminding them the 

experiments they did about a year ago when they were in S3, reactions between water and 

Sodium or Potassium which produce flame balls. Johnson believes that experiment was so 

impressive that students should be able to recall, the macroscopic level of understanding could 

also be recalled as a preconception and thus link up with the current teaching/learning context.  

Johnson always asks students to predict before observations especially when he does 

demonstrations, and he does the POE practices for different purposes. He believes that asking 

students to predict something based on their preconceptions helps them to transform from the 

level of recite and recall to the level of applications, applying their preconceptions on slightly 

different contexts. Johnson also believes that if students predict or guess correctly, students will 

have positive affective impacts. Moreover Johnson usually arranges discussions or writing 

exercises for students to explain what they have predicted and what they have observed.  

Johnson uses real life examples to enhance students’ consolidation of learnt knowledge, and I 

think such real life examples are also good means to arouse students’ learning curiosity and 
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learning interest and thus start the link-up between authentic settings and macroscopic level of 

Chemistry. For instance, after teaching all important concepts of acid, Johnson used a couple of 

real life examples to summarize students’ learnt knowledge; he used ENO, baking soda/baking 

powder and REDOXON. Although the core ideas among all ENO, baking soda/baking powder 

and REDOXON are more or less the same to the experts like us, they are totally different things 

to novice like students. Johnson tries to use as many real life examples as he can in order to 

promote the authenticity and importance.  

Pedagogies used by Johnson for enhancing students’ understanding of 

(sub)microscopic level 

When Johnson taught the topic of acid, he wanted to emphasize the teaching and learning of the 

concept of ionization of acid and H+
(aq), and he wanted to try to use a pedagogy learnt from 

PGDE, he asked students to draw particle diagrams of pre-ionization of HCl(g) and post-

ionization of HCl(aq). Johnson used chemical equation, another form of symbolic representation, 

to assist the teaching/learning of ionization of hydrochloric acid. He then asked a student to use 

particle diagram to represent the ionized hydrochloric acid. Student drew two sets of H
+
(aq) and 

Cl
-
(aq).  

Johnson believes that particle theory, particle models, particle diagrams are the essences of the 

(sub)microscopic level of triplet relationship in the local context. Particle theory can be used to 

explain many of the school level chemistry concepts, such as gas pressure, heat transfer, 

periodicity, kinetic theory, rate, etc. Johnson wishes to repeat using the same model in different 

contexts, in order to make his students realize how to use the model and what the possible 

applications are. 

Although Johnson agrees that (sub)microscopic level of triplet relationship mostly relates to 

particle model, he thinks it is not universal for all contexts and teachers should think thoroughly 

and thus teach with a more appropriate model. For instance, Johnson argues that the 

(sub)microscopic level of equilibrium should be the concept of rate instead of particles and 

collision theory which are usually used by many other chemistry teachers. 

Pedagogies used by Johnson for enhancing students’ understanding of symbolic 

level 

Graph is not just a tool to enhance teaching/learning the symbolic level of triplet relationship, 

Johnson believes that it is also a very good tool to be used to assess students’ true understandings. 

Johnson uses graphs to teach Equilibrium.  

 

CONCLUSION 

Different level of teacher’s pedagogical knowledge affects his/her classroom instruction. 

Simon’s pedagogical knowledge of triplet relationship is comparatively weaker than others, he 

thinks linking up any two levels of triplet relationship is adequate, and there is no need to teach 

triplet relationship very explicitly. Pamela has good pedagogical knowledge of triplet 

relationship, she insists to teach this on most of the school chemistry topics, and she uses 

macroscopic level as the core, followed by (sub)microscopic level explanation and symbolic 

level representation. Johnson also has very good pedagogical knowledge of triplet relationship, 

he thinks choosing the right context for teaching triplet is the most important issue, for instance, 
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demonstration (macroscopic) as the core to teach acid, particle theory (submicroscopic) as the 

core to teach periodicity, and graph (symbolic) as the core to teach equilibrium.  
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BUILDING MEANING IN GENETICS TROUGH 
INTERACTIONS: A MIX-METHOD VIDEO ANALYSIS 

PROPOSAL 
 
Carlos M. Garcia 
Universidad de Guadalajara 
 
Abstract: We assume that the improvement in the teaching of science, trough evidence-
based research, requires analysis of the student- teacher - content interaction. But is less 
clear how different modes of interaction leads to the construction of meanings. Both, 
interaction and meaning analyzes, are essential for learning and teaching “the language of 
science”. Grounded in video recording and ethnographic narrative over a complete Genetics 
course, allowed us to construct both analyzes from the teacher’s utterances and methods 
followed by a university teacher. The results are discussed in terms of: the qualitative 
analysis software employed, their possibilities and limitations for building categories, or 
understanding the changes in teaching strategy. From the construction of categories of 
interaction ( Image Functions, Analogic Trophes, Purpose of Questions, Socio- scientific 
Issues ), we discuss whether the transformation of qualitative data to quantitative 
representation, and the interaction patterns, viewed as patterns (combination of categories) 
allowed the construction of meaning. Although qualitative software enables processes 
analysis of increasing complexity, the inner configuration of human interaction defies it in 
three ways. Making sense of changes occurring on temporal dimension. When each visual 
event has to be considered both: as part of the simultaneous organization. And also as 
successive forms that make sense of their actions. Visual interaction analysis showed us the 
richness of human interaction; because every successive frames interpretations, changes the 
configuration of the follow. Additionally, the building of meaning brought by the languages 
of science, weaves the diversity of sociocultural dimension simultaneously to the micro-
ethnography perspectives. The method proposed, formalize the re-figuration process 
accomplished. 
 
Keywords: video interaction analysis, message unit, meaning building, integrative 
methodology. 
 
 
INTRODUCTION 
 
It is increasingly difficult to asseverate that what is taught, actually corresponds to what is 
learned (Lemke, 1998). Therefore, analyzing the class interaction as evidence that the 
discourses of teachers facilitate learning science is more complex. In fact, this difficulty 
leads us to find better ways to describe and more appropriate tools to determine empirical 
or conceptualy the correspondence between the teaching and learning of science. (Candela, 
Rockwell & Coll, 2005 ). Therefore assuming this phenomenon as a problem,  we  involved 
in analyzing the content of utterances transcript  from video to find the media on which 
meaning is constructed. This is an analytical process in which we move from "the 
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expression uttered towards the proposition expressed " (Deleuze , 1994 : 40), to find out 
what is essential in the construction of meaning or significance. 
 
Rationale and Purpose 
 
Recognizing that "teaching and learning is a double - sided process " (Cole , 2009: 292), we 
assume  that the utterance is the real unit of speech communication,  when “the listener 
becomes the speaker” (Bakhtin, 1986 : 68). Consequently “the talk in interaction” is the site 
of the language of science ( Lemke , 1998). We call these units of analysis, “message units” 
as it is to restore the image as documentation. This mean that, if our data is based on the 
fact that “ [as] audiovisual recordings involve the sequential and simultaneous, both aspects 
should be interpreted” ( Knoblauch , Schnettler , 2012: 337). Our focus, is therefore  to 
build “interaction patterns” . This also allows us to integrate qualitative and quantitative 
methods ( Ercikan , Roth, 2006). And then, analyze interactions with an integrative 
framework : a dual perspective (analysis of texts and images / teaching - learning ) methods 
( quantitative - qualitative ) and concepts ( units message in sequence - simultaneous , 
patterns of interaction). 
 
Purpose of the study 
Characterize the properties of teaching strategies for constructing meaning in the analysis 
of propositions uttered . 
Building an integrated methodology, to search  interaction patterns throughout message 
units  in video recordings of the language of science. 
 
THEORETICAL FRAMEWORK 
 
Although the picture and video has been used in systematic inquiry, today is no longer 
feasible reduce the use of video recording to moderately contextual transcription of the 
dialogues, to process this information solely as discourse analysis. 
In this work we depart from two arguments : a) The “Video Interaction Analysis (VIA) is 
not a version of content analysis” (Knoblauch , Tuma , 2011). In order to perform 
consistent studies of the recorded video interaction, VIA holds twofold objective: 
knowledge the basic premise for message units: their successive and the simultaneous 
character of any video. Both formats must be re- presented at the same time. This process 
of re- figuration “poses enormous theoretical and methodological problems” (Goodwin , 
2000 : 160) , since it involves changes from semantic modes to semiotic modes (Candela , 
Rockwell & Coll , 2005).  
And b ) actions can only be explained if we understand its meaning , knowing that meaning 
of an utterance can change over short periods of time in infinitesimal degrees. It is not 
enough, at the time of encoding transcription of the video, simply switch from one category 
to another . Since the language of science is a multimodal “semiotic hybrid”. Namely 
“while it is verbal, is visual, olfactory, tactile, mathematical and behavioral “simultaneously 
( Lemke 1998). Therefore, to understand their meanings we built the interaction between 
these simultaneous formats, in which “something contributed by the different actors , is 
preceded by something else and followed by something different” ( Knoblauch , Tuma , 
2011 : 420). Such formats will be considered a “message unit” for the task of identifying 
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interaction patterns. 
Both arguments allow us to build these message units. Such units are target axes to analyze 
processes simultaneous and successive. These is possible because permits the recognition 
of the encoding variability over time, and makes easier viewing the message units crossing 
between categories and codes. And it is precisely these successive crossings that make 
possible to identify, organize and characterize the functions that allow the construction of 
what we call patterns of interactions. Its boundaries run through those units, and the logic 
function allows us to define the nature of the relationships between these units and patterns 
( Lemke , 2006). But this orchestration ( Knoblauch , Schnettler , 2012: 337) of quantitative 
and qualitative sequential limits must be related meaningful. 
 
METHODOLOGY 
 
We use focused ethnography, first to identify patterns of interactions and message units and 
second, to organize boundaries between verbal and visual frames (Knoblauch , Schnettler , 
2012:345). We capture the relevant elements through video recording of 36 hours of 
lectures in a university Genetics course for two hours on Tuesdays from February to June 
2012. Genetics is an elective course to students from the last semesters of Biochemical 
Engineering in a mexican public university. With 20 years of experience, the teacher taught 
the course in genetics. Born in Cali, Colombia daughter of a university professor of 
Literature, she was raised in the assessment of  “good literature and customs” appreciation 
of music , puns and metaphors (field notes and ethnographic accounts) . The class consisted 
of six students , there was only one man , who left the course. 
 
First Phase 
 
The first stage of analysis was assisted 
by HyperTranscribe and HyperResearch 
software to encode both teacher and 
student's utterances (see Figure 1). At 
this stage , based on the analysis of 
videos and transcription, a first series of 
categorizations was developed. We 
developed various links between this 
first set of codifications. As follows: 
1. Image Functions : power point slides 
used as :1.1 explanation and modeling 
(functions), 1.2 representation (the 
picture illustrates the concept ) 
2. Questions Aims: development of 
interrogative sentences whose forms 
were 2.1 short answer ( key refresher 
previous ideas ), 2.2 rhetoric (the 

question is immediately followed by the 
teacher's answer ) 2.3 criterion response 

Figure 1.Transcription and code 
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(inferred utterances from prior information, a reasoned elaboration of the answer ) 
2.4 response argument ( inquisitive dialogue  to investigate the foundations of a response) 
3. Contexts : when the arguments refer to various aspects in the application of knowledge 
3.1 science, 3.2 culture, 3.3 Genetic topic, 3.4 social involvement 
4. Anthropomorphism : rhetorical figure attributing some kind of conscious deliberation in 
genetic processes. 4.1 efficient cause . When are involved a type of consciousness as the 
cause of an effect. 4.2 mi of me . Colloquial expression for a conscious deliberation, but as 
if teacher’s personified genetic processes. 
5. Trophes and analogies : rhetorical figure of speech that refers to metaphorical modes or 
by analogy.	  

 
 
Figure 2 The frequency of each of these encodings from the graph generated by the 
software is shown. The analogy and ilustrate concepts, are the most recurrent . 
  
The frequencies of categories and codes shows the noticeable poverty of the data and the 
form of representation generated by the computing device. This happens when 
conventionally video analysis is translated into a text in which the content of propositions 
or verbal statement are analyzed, relatively isolated from their utterance context, and the 
succesive and simultaneous property of video. 
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As one can see in Figure 3, a second 
report of results has the same 
limitation. In this phase, the program 
allow the translation of qualitative 
coding  into quantitative 
representations codes. Both codes 
correspond to the general category of 
Trophes of Language . 
Although this form of synthetic 
representation allows to decrypt the 
development trends of emphasis or 
only provides side-information 
construction of meanings . 
 
 
 
 
 
 
 
Second Phase 
 
To address this limitations we 
proposed a double transformation; 
but first we must introduce another 
features of the  device used. 
Although qualitative analysis 
software allows to processes of 
increasing complexity, the internal 
configuration of human interaction 
challenged it (ie , make sense of 
the changes that occur in the time 
dimension, frames each visual 
event under successive forms of 
the matrix in simultaneous 
actions). 
The visual analysis of events 
shows the rich properties and the 
place of chance in human 
interaction, each forms of 
interaction determine 
successiveness, thus: changing the 
configuration of the situation, 
understanding logical processes of 
agreement or disagreement. 
Moreover, the  meanings 

Figure 3. Quantitative and proportional Representation of Tropes 
Categories 

 Figure 4 Code name and time reference used to 
transform data into new visual categories 
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construction based on the language of science, requires  the aknowledge of  the structure of 
the socio-cultural dimension visible under the micro - ethnographic perspective. Only if one 
begins from the lived experience, remembering the successive and the simultaneous 
character of video data, is that we could end into a comprensive written report. 
Consequently, what we looking for in this second phase was to correlate the presence of 
educational activities that were concurrent in time. We meant by that, that one works as a 
stand for the other and with the teaching strategy mated them for pedagogical purposes. In 
this search we build the following pairs of categories from  records and their encodings. 
1) Image function & Questions aims, 2) Analogic Trophes & Questions aims 3) Socio- 
scientific issues & AnalogicTrophes, 4) Image Functions & Socio- scientific issues, 5) 
Analogic Trophes & Image Function. A key difference from phase one is that here we 
identify the units corresponding message at the same time period of the first phase , but we 
focus on the video, not only in transcription. When looking for the co-presence of 
successive and simultaneous events , we identified some of the new categories combined 
components contributing to the construction of meaning from the activities of teaching. 
Through ethnographic analysis of the video,  in the second phase we deepened on other 
meaning builders actually used by the teacher, who produced the five group categories. 
transcription and how outcomes are generated by the software , we use the temporary 
presence of codes to find regularities in the teaching strategies of constructing meaning. We 
filter new pairs of codes according to the quantitative value of the "Reference " column 
(which shows the code  temporal location  in the video, see Figure 4). From this indicator 
we build graphs with quantitative basis but whose meaning is to visually display the 
teaching sequence (the simultaneous or successive) of her mating strategies bound to build 
meaning. 
Organize the analysis from the time sequence, allowed us to develop a graph of the 
cumulative record of each code separately (its successive sequence) and to build patterns of 
interaction in which this code was simultaneous with another but on condition that 
accompany the building strategy sense of Genetics lessons.	  This cumulative record of their 
sequence in time generates a new mode of representation . An image of the quantitative 
relationship between codes showing configurations or patterns of interaction, and ( a) 
mediation built in successive groups of coding viewed as simultaneous categories , and ( b ) 
a graphic image showing the infinitesimal degrees of change as a successive slope that 
ilustrate both distance and patterns of interaction between message units. 
 
RESULTS 
 
By comparing and contrasting the two units of successive message, interaction patterns or 
systematic configurations were constructed: Parallel Pattern and Crossing Pattern. 
Integrated VIA methodology shows that the first couple of codes: Image Functions & 
Question aims (identified in Figure 5) and Trophes and analogic & image functions follows 
the parallel pattern. While Analogic Trophes & Questions aims (identified in Figure 6), 
Socio- scientific issues & Analogic Trophes, Image Functions & Socio- scientific issues, 
draws a crossing pattern . A study in depth of this first characterization of interaction 
patterns will be necessary to continue to design new analytical methods . 
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Figure 5. Parallel Patterns between Purpose of Questions and Image Functions 

 
  
The parallel pattern (Figure 5), displays the relative temporal independence pattern of 
interactions between the Questions aims & Image function. At the begining of these 
message units (lower left) , the teacher questions relies on power point images successively 
presented one after another quickly. In this first stage , the message unit (speech or shifts) 
aims to review the known concepts using images as support. Additionally, as a review of 
these previous concepts had been left as homework from the previous class, the time 
consumed is very little although the number of questions is very large (25 codes). In a 
second stage , the image function as a concepts illustrator ( 9 codes ) requires longer 
exposure time (fewer codes and greater temporal distance between them), as shown in 
Figure 5 from the third line up . The distance between the two codes, also implies an 
increase in the range of response interval between shifts. More time is required to establish 
the link between images illustrating  a conceptual gene function. This are questions that 
require different types of processing (some already characterized the first phase of the 
study) . At the end of this first parellel interaction pattern, a greater dispersion of the 
Question aims relating to the functions of the images (sixth to ninth rows ) is shown. This is 
explained because the first review of known issues and the development of links between 
functions and illustrations should create opportunities to address different types of 
questions : open-ended questions and argumentative questions (13 and 4 codes 
respectively), mixed with short answer questions (13 codes). Because the amount of time 
elapsed for this concept review unit the short answer question prevailed at the end.  The 
distance between the question and the images can be interpreted as a phenomenon of less 
synchronized interactions when demand for image decoding, requires simultaneously to 
developing a response or when the student must develop the criteria and arguments in its 
reply before uttering it. This pattern is also present between Analogic thophe & Image 
Function, Socioscientific issues & Question aims. 
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Figure 6 Cross Pattern between Analogies trophes and Questions Aims 
 
The crossing pattern of Analogic trophes & Questions Aim (QA), shown in Figure 6 
displays the same QA coding now interacting with verbal trophes, during this phase of 
review of concepts, the rapid sequence of questions is linked with greater proximity to 
employment of tropes of language by the teacher. The outcome pattern derives from: the 
use of analogies to familiar experiences, or they facilitate the preparation of responses to 
questions. The resulting image - type DNA chain is maintained throughout the message 
unit (third through eighth rows) . The use of analogies and metaphors (  28 codes and 9 
codes respectively ) reveals to be more familiar to their background and much closer to this 
pattern of interaction. It is likely that this meaning construction being more accessible to 
students as shown in the figure whose senses  are simultaneously intermingled in space and 
time, while approaching new concepts. 
 
DISCUSSION 
 
In the parallel arrangement of the first interaction pattern, the construction quality of 
meaning may be more difficult because the amount of time required for the production of 
response in the presence of the image . Or, reading the picture is not so obvious , it takes 
longer or is not fully decoded . Anyway reading images requires more specific inquiry. 
Additionally it is possible that a bad disposition is generated to answer quick questions 
when the teacher requires them to respond immediately. Teacher evaluates both homework  
and prior knowledge. Another possible meaning resides in the scenario at the beginning of 
this course: new teammates and more specialized content .  
However, in the second interaction pattern, as the teacher displays about 80 slides only for 
the first two Genetics course review: -Introduction to genetics and basic principles of 
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heredity- the interaction pattern illustrated a smaller distance between Questions Aims & 
Analogies codes. Apparently depends on other semiotic resource available, the ability to 
understand the function of the image anchored to analogies. Both units of messages, with a 
rolling cross- slope shows more closeness and simultaneous interaction in space and time. 
In both patterns of interaction, the inherited cultural capital of the teacher, particularly the 
use of analogies, favors the students because they interact more easily with the use of 
analogies than with the images. It seems that, for this population the analogic referents are 
closer to the construction of meaning than the pictures. However, this teaching resource 
that is most frequently used in basic education should play a less important role in higher 
education, but perhaps infantilized populations are more frequent in the mexican education 
system than we would like to admit. 
The software used contributes, despite the limitations in its domain by the researcher, with 
a number of advantages for the transformation of qualitative data into quantitative 
outcomes. However, to properly analyze the interactions and to restore the function of the 
image in the interpretation of teaching and learning in science, it is necessary to perform a 
series of transformations. To these end we need to add those re- configurations that 
transform the experience of the real in successive forms of textuality and fade the 
sequential and simultaneous nature of actual human interaction. The method proposed here,  
formalize the process of re- configuration followed. But is's only the begining. 
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Abstract: An easy to handle and cheap experimental class was proposed to introduce 

Chemical Kinetics for Brazilian high school third year students using the time of 

dissolution of effervescent tablets in different volumes of water at room temperature. 

Differences between chemical and physical changes were pointed out using concepts in 

macroscopic and microscopic levels, and the students also dealt with chemical and 

mathematical concepts such as organic functional groups, plots and statistics. This was the 

first time those students performed a chemical experiment and the results show that they 

were motivated to discuss the factors that influence the rates of chemical reactions. The 

physical and chemical aspects related to this topic became clear for these students in both 

macroscopic and microscopic levels.  

 

Keywords: effervescent tablets, chemical kinetics, experimental class, solubility 

 

 

INTRODUCTION 

When performing a chemical reaction, one needs to answer two major questions about it: is 

it product-favored? and, what is the rate of it? So, Thermodynamics and Chemical Kinetics 

are two major chemical subjects that students need to comprehend in order to understand 

why a given reaction occurs or not. Niaz (2000) have been stated that “For students and 

textbooks, it is important to note that although present day kinetic theory and chemical 

thermodynamics in some sense do complement each other (…)”. Discussing those topics in 

classroom is sometimes a big challenge because it is very difficult for students to realize 

that something can be thermodynamically but not kinetically favored, and they usually 

associate a spontaneous process with fast one.  

On the other hand, most students use to consider that the visible change in the appearance 

or state of matter is the chemical reaction itself (BouJaoude, 1991). To realize that exists 

both chemical (changing the substance) and physical (changing the appearance) aspects of 

a specific phenomenon and recognize them is not so ease for students (Kermen & Méheut, 

2008; Tsarpalis, 2003). In the same way, connecting observable changes with the 

microscopic scale of the process is not that simple for young students (Eilk, Moellering & 

Valanides, 2007). To minimize the gap between macroscopic and microscopic view 

teachers, can use an experimental approach to introduce and discuss chemistry, as 

experimental classes can encourage students to learn science subjects. In the Bertacchini et 

al. (2012) worlds “According to the constructivist approach, direct contact with objects 

and consequent manipulation encourage learners to think, to formulate hypotheses and to 

test their hypotheses”. But in the experimental chemical classes the physical and chemical 

changes should be made clear for students by teachers to avoid misconception. 
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Most of Brazilian high schools do not have science laboratories available and experimental 

classes are unusual for students. Our goal in this work is to introduce and discuss Chemical 

Kinetics with a group of Brazilian high school third year students using an experimental 

class for their first time. Here we are presenting part of this work, specifically to improve 

the knowledge of the students about how concentration influences the rates of dissolving 

effervescent tablets in water. The investigative approach was used to motivate students to 

associate their own experimental observations with their theoretical knowledge. The 

students were stimulated to discuss the observable process after performing the 

experiments in laboratory and interconnected it with microscopic level. Chemical concepts 

such as organic functional groups were also discussed. Special attention was paid to data 

analysis and plot construction helping students to deal with mathematical concepts. 

 

METHODS 

The second author (C.D.S.) developed the present experimental class in the science 

laboratory of a Brazilian private school named Geremário Dantas Institute. Third year 

students of high school level were divided in eight groups of five students each. Cheap 

materials were used to perform an easy to handle experiment, such as a stopwatch, 

disposable 50mL syringe, 100mL disposable PVC cups, water and effervescent tablets of 

antacids or ascorbic acid. The experimental procedure is very simple. Briefly, the students 

transferred 60mL of water at room temperature to the cup using the syringe and then they 

added the 1000mg effervescent tablet into the cup at the same time they started the 

stopwatch, taking care to not shake the solution. The time spent for the complete 

dissolution of the tablet was recorded and the proceeding was repeated using 50, 40, 30 

and 10mL of water each time at the same temperature. The complete dissolution of the 

tablet was establishing as no gas bobbles coming from the water.  

As this was the first time of the students in the laboratory, all experiment were handled by 

the students and supervised by the teacher. The students were oriented about how to carry 

on the experiments and about safety conduct in the lab. All data were collected by students 

into their personal notebook. After the experimental proceedings the students were 

requested to do the following activities: i) to draw a plot of time for dissolution the tablet 

versus volume of water; ii) determine the expected dissolving time of the tablet in 25 and 

42mL of water; iii) discuss about the relationship between volume of water and dissolution 

time; and iv) state other factors that can influence the rates of reactions. Because of the 

reduced time available for the experimental class (50 minutes), the experiment and 

activities were discussed with the students in the next class in the classroom. 

 

RESULTS AND DISCUSSION 

One of the significant results in this work was the satisfaction of students by performing an 

experimental class for the first time (Um et al., 2012). Despite that condition, no difficulty 

was observed with respect to the practical work because of the simplicity of the 

experimental procedure and the students also expressed curiosity about some common lab 

equipments and materials. 

An introductory class about Chemical Kinetics was done before the experimental class by 

the teacher. At that time, she explained about the rate of chemical processes and how 

different experimental conditions can influence it. In the class after the experiment all 
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results recorded by the students were exposed and the plots of each group were compared. 

Table 1 shows the experimental data acquired by each group at the science lab.  

 

Table 1: 

The experimental times acquired by groups during experimental class. 

 

 

 

 

 

 

 

 

 

 

Mathematical thought is sometimes not simple for students at any level (Jitendra et al., 

2007; Ma & Wilkins, 2002) and in this work they were requested in minor degree. The 

students were stimulated to arrange the experimental class’ data at a table and to draw a 

plot using them. The plot was drawn using specific software for organization and analysis 

of data in tabular form. Most of students had questions about the plot and “Which data 

should be plotted in each axis?” was the most common one. 

Figure 1 shows all plots of volume of water versus time by six of the eight groups (activity 

i). Groups 7 and 8 acquired exactly the same results of groups 5 and 3, respectively (see 

Table 1). To avoid overlap of curves, only data of groups from 1 to 6 are shown. Figure 1 

shows that the tendency of the results is quite similar for almost all groups. Only group 1 

(black line) and 3 (blue line) diverged at 10mL and 30mL points (the same to group 8 not 

plotted). The results were used by the teacher to discuss accuracy and precision with the 

students. It was explained that the control of experimental conditions is very important in 

the experimental data acquisition. It should be expected a linear plot of experimental data, 

because the process involved is the solubility of the same mass of effervescent tablet in 

different volumes of water at the same temperature. Any student could identify why the 

most of plots were so far form linearity at the low volume of water. The teacher explained 

that the measured volume of water or the time of dissolution contribute for the results. The 

most accurate plot was the group 1 (black line).  

 Time (s) 

Group  60 mL 50 mL 40 mL 30 mL 10 mL 

1 147 151 190 255 296 

2 106 136 155 184 680 

3 145 150 185 304 520 

4 150 155 170 215 720 

5 120 140 150 200 790 

6 112 128 148 191 768 

7 120 140 149 200 790 

8 145 150 185 304 520 
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Figure 1. Plots of volume of water versus time by six of eight groups. 

 

Table 2 shows the answers of students about the time required for dissolving the 

effervescent tablet in 25 and 42mL of water and the mathematical procedure to do that 

(activity ii). By choice, some students used the plot by interpolation to solve the problem 

while others used equivalency relationship to obtain the result. During the experimental 

class the teacher explained both methods for the students. Group 1 only stated the tendency 

of the process – “less time in 42mL than in 40mL and in 25mL than in 10mL”. The teacher 

used that answer to emphasize the relation between volume of water and time of 

dissolution and connect activity ii and iii. However, the principal target of this activity was 

to induce students to obtain the scientific information form both plot and table using them 

as a mathematical tool and increasing their mathematical literacy. 

 

Table 2: 

The answers of the students about the time required to dissolve effervescent tablet in 25 

and 42mL of water. 

 Time (s)   

Group 42mL 25mL  Method 

1 - -  - 

2 147 220  relationship 

3 126 364  plot 

4 105 62,5  relationship 

5 280 152  relationship 

6 145 184  plot 

7 152 280  plot 

8 150 304  plot 
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Before the experimental class, the students supposed that the effervescent tablets would be 

dissolved faster in the smaller volume of water, relating the small quantity of water with 

the less time of reaction. However, using the plot and the table of the experimental time all 

students concluded that the larger the volume of water, the lesser the time of dissolving the 

effervescent table (activity iii). Finally, the students pointed out temperature, concentration 

and surface area as factors that influence the rates of chemical reactions (activity iv). In 

this activity, the teacher discussed with students about how different experimental 

conditions can affect the rate of chemical reaction using of every day situations. The 

students discussed about the velocity of dissolving cubes of sugar versus refined one, 

making connection with surface area of the substance; the degradation time of food versus 

temperature, making connection with temperature of the process. 

Using the chemical components of the effervescent tablet label the teacher showed the 

chemical formula of substances and the organic functional groups such as carboxylic 

(COOH), carbonyl (C=O) and hydroxyl (OH) present in the citric and ascorbic acids. 

In the term exam of Chemistry the students’ performance in the chemical kinetics’ 

questions was excellent. The students were able to identify and describe the factors that 

influence the rates of chemical reactions and the relation between volume of water and 

time of dissolving any dissolvable substance. 

 

CONCLUSION 

The development of this cheap and easy to handle class about Chemical Kinetics improved 

the students’ comprehension about the relationships between the microscopic scale and 

macroscopic level of the experiments performed. In the same way, the chemical and 

physical aspects of a phenomenon became clear for them, and they were able to identify 

factors that influence the velocity of chemical reactions using the experimental data 

acquired at the laboratory. The students felt motivated to discuss and to understand the 

factors that influence the rate of reactions, discovering the importance of laboratory classes 

in Science Education. On the other hand, the mathematical skills of the students were 

improved by handling with plots and tables. Other factors like mass and physical 

appearance of effervescent tablet, temperature and other solvents should be used in an 

experimental class to complete the learning of other concepts concerning Chemical 

Kinetics. The chemical aspects involved in the dissolution of effervescent tablet should 

also be explored. Finally, the Thermodynamics aspects should be connected with Chemical 

Kinetics concepts. 
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Abstract: Problem-based learning consists of a student-centred learning methodology 

that develops diverse skills, critical thinking, scientific reasoning and knowledge, 

decision-making, assessment and self-evaluation. The present research aimed to 

compare problem-based learning and lecture-based learning regarding the acquisition of 

scientific knowledge. The study followed a quasi-experimental research methodology 

with a non-random selection of participants. The study was undertaken with natural 

science students during the first trimester of the 2012/2013 school year. Results show 

that, in cognitive terms, students showed improvements that, although more positive in 

the experimental group of problem-based learning, did not prove to be more significant 

than those achieved with the lecture-based learning. However, the relevance of the study 

consisted on the demonstration that the introduction of a new methodology in the 

teaching of natural sciences (in this particular case the problem-based learning) did not 

cause any decline in academic success (it was as successful as the lecture-based 

learning) but rather potentiated the development of other competences directed to the 

scientific processes and research capabilities. 

Keywords: problem-based learning; lecture-based learning; quasi-experimental study; 

natural science students 

 

INTRODUCTION 

The introduction of new teaching methodologies in the classroom has always been a 

matter of controversy (Carrio et al., 2011), especially due to the inevitable fears of 

failure. The concern with the length of programs and preparing students for national 

exams often overlaps any attempts to improve learning by changing the teaching 

process. Competences development is often overlapped by the acquisition of 

knowledge, in order to ensure school achievements in standardized exams. 

Nevertheless, the lack of competences development reveals itself in the long term, 

particularly through the inability to mobilize knowledge and apply it to new situations. 
As such, ensuring school success in natural sciences goes far beyond the quantitative 

results achieved in national tests and calls for the learning of other skills, for instance, 

scientific reasoning, self-regulation and autonomy in the learning process (Almeida & 

Vasconcelos, 2012). 

The data herein presented comprises 115 students from middle-school, and stems from a 

project that researches the contribution of problem-based learning in science education 

for citizenship. The main goal of this study was to explore whether or not problem-

based learning (PBL) could guarantee cognitive gains in natural science students, 

especially when compared with lecture-based learning (LBL). Ultimately, the study 

intended to verify whether the PBL was at least as effective as LBL in helping students 
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to achieve the knowledge required to fulfill the natural science syllabus learning 

objectives.  

 

RATIONALE 

Problem-based learning is recognized as an inquiry approach because it prompts 

student’s curiosity to solve problems, but also since questioning and research are at the 

core of the development of the process of learning. Furthermore, an inquiry approach 

also relates to activities in which students develop knowledge and the understanding of 

scientific ideas, as well as catch on how scientists study the natural world (NRC, 2008). 

PBL consists of a student-centred learning methodology that starts off by addressing a 

real-world problem, and whose resolution is deemed to be personally, socially and 

environmentally important. After creating an invitational scenario that presents the 

problem (Torres et al., 2013), the teacher has to foster students during the investigation 

helping them to became a more self-directed learner (Barrel, 2007).This methodology 

requires a shift in the educational paradigm, as students become active constructers of 

their knowledge and the role of the teacher shifts from presenter of information to 

facilitator of a problem-solving process (Allen et al., 2011). 

This methodology is characterized by students’ working in small groups so as to 

improve knowledge construction and to develop different competences (Wong & Day, 

2009). Although it is difficult to implement collaborative work, this methodology also 

presents advantages since it allows both students to share points of view and teachers to 

better guide the development of the different tasks. The more or less well-structured 

problems (scenarios) act as a stimulus for the students’ learning processes (Wong & 

Day, 2009). This PBL scenario should motivate students to raise issues and look for 

solutions through inquiry activities. 

Although the PBL process calls on students to become self-directed learners, teachers 

must guide them by monitoring discussion, asking questions and fostering participation 

(Allen et al., 2011). One of the barriers that arise in the use of PBL is the lack of 

teachers qualified to play the role of facilitators and mediate the process (Hmelo-Silver, 

2004). Moreover, most students’ evaluations do not contemplate teamwork or the 

collaboration developed with PBL (Savin-Baden, 2004), rather considering only the 

more conceptual issues. 

This methodology aims to develop communication skills, critical thinking, scientific 

reasoning and knowledge, decision-making, assessment and self-evaluation. These 

competences are considered to be essential for a lifelong learning process (Vasconcelos, 

2012). However, whenever a new teaching methodology is implemented within science 

classrooms, many doubts and criticisms arise from school directors, some teachers, 

students and even parents. Several studies have already provided some experimental 

evidence that backs the assumption that the PBL methodology does not affect the 

students’ factual knowledge acquisition when compared with more traditional LBL 

(Carrió et al., 2011). Other studies suggest that PBL is significant to the development of 

generic and scientific skills since students are faced with complex problems and have to 

look for solutions creatively (Carrió et al., 2011) and also because PBL develops skills 

that are often ignored in middle science classrooms (Hmelo-Silver, 2004; Wong & Day, 

2009). Even in medical education, where PBL has been largely applied and 

investigated, design-based research is still needed to enrich our understanding of the 

nature of PBL (Dolmans et al, 2005).  
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Within this framework, our claim follows the majority of studies related to this learning 

method (and to how students learn by using it) when unanimously presenting some 

cautionary notes, and suggesting that careful research is needed so as to understand if 

and how its potentials might be achieved.   

 

METHODS 

The study followed a quasi-experimental research methodology with a non-random 

selection of participants. Two groups were defined (an experimental and a control 

group) and a cognitive test, specifically built for this purpose, was applied in both 

phases of the intervention (pre-test and post-test). The aim was to investigate whether 

the PBL promoted larger cognitive gains that the LBL had done. 

The sample integrated students of natural sciences from two classes of two public 

schools in the north of Portugal. The convenience sample was constituted by 115 

students: 64 integrated the experimental group and had a 12.1 age average, and 51 

integrated the control group and had a 12.5 age average. The teacher of the experimental 

group was familiar with the PBL methodology and knew how to play the tutor role 

during the research intervention. The sample was mostly female: the experimental group 

consisted of 30 boys and 34 girls and the control group integrated 21 boys and 30 girls. 

The intervention programme was aligned with the Portuguese natural science 

curriculum. One problematic scenario was presented related to fossils and their 

significance for the reconstruction of earth history. Later on, questioning was promoted 

and the students sought for the solution with the help of teacher mediation. The research 

involved practical work (fossilization – modelling) that was carried out by the students, 

and potentiated learning processes, research capabilities and scientific reasoning. 

Students were assisted in the process of learning cognitive knowledge enclosed in the 

curriculum, focussing on memorization, understanding and mobilization of knowledge 

to new problem situations. Accordingly, after the research students were challenged 

with an activity that demanded for the application of the knowledge and the skills that 

had been developed, thereby allowing for the re-conceptualisations and the 

consolidation of the learning objectives. 

The cognitive test was applied before the teachers’ intervention (pre-test) and after the 

implementation of the geological scenarios (post-test). The application of each test 

lasted 45 minutes. Students were made aware of its non-assessment character as well of 

the need to carefully think on the answers.  The scenario was applied during the first 

trimester of the 2012/2013 school year and the intervention took place during three 45 

minutes classes. Students were given the necessary sources for research. As 

recommended by PBL, students worked collaboratively, in groups of 4 to 5 elements, 

and were mediated by the tutor. 

 

RESULTS 

The sample was analysed before the implementation of the intervention, through the 

calculation of the averages obtained in the cognitive pre-test and the significance of 

differences between the value of the control group and the experimental group. The 

objective was to perceive whether the academic results of the students, evaluated in 
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cognitive terms by the cognitive test, would be similar in both groups. They are listed in 

Table 1. 

The averages obtained by the cognitive pre-test were higher in the experimental group 

(20.1 versus 15.7) with a higher standard deviation in the control group (9.88 versus 9, 

59). 

The Mann-Whitney test showed a statistically significant difference in these groups 

very early in the intervention (U = 1171.5, p <0.05), and the experimental group 

presented the best performance. Nonetheless, there were several reasons encouraging us 

to proceed with the study: (i) the difficulty in getting teachers and students to 

voluntarily participate in educational studies, and the possibility that relevant data could 

emerge in the questionnaires to be applied after the intervention; (ii) the fact that the 

research team had an ethically commitment to help teachers to learn and to apply the 

methodology of PBL;  (iii) the fact that the literature emphasizes the cognitive gains 

resulting from PBL, and as such the experimental group could significantly exceed the 

value obtained on the pre-test average in relation to the control group. 

 

Table 1 

Cognitive pre-test results.  

 

pre-test experimental group control group 

average 20,1 15,7 

standard deviation 9,59 9,88 

minimum 0,00 0,00 

maximum 43,00 47 

 

 

After the intervention, the Cognitive Test was applied again, in the natural sciences 

class. Results are shown in Table 2.  

 

Table 2 

Cognitive post-test results. 

 

post-test experimental group control group 

average 41,2 33,3 

standard deviation 19,11 15,69 

minimum 15,00 8,00 

maximum 84,00 69,00 
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The post-test average is higher in the experimental group, although both groups show 

poor ratings. The Mann-Whitney test resulted in a statistically significant difference 

between these groups after application of geological scenarios (U = 1271.500, p <0.05), 

showing that the cognitive improvements after the intervention again define groups with 

distinct levels of success, the experimental group achieving the best outcome. 

The Wilcoxon test was used to verify whether the average difference of the pre and post 

cognitive test, for each of the groups, was statistically significant. The experimental 

group showed an improvement of the average in the cognitive test, increasing from 20.1 

to 41.2.  The difference that was obtained was statistically significant (Z = - 6.923, p 

<0.05). For the control group, the average obtained at the cognitive pre-test was 15.7 

and at the post-test was 33.3. The difference that was obtained was also statistically 

significant (Z = - 6.166, p <0.05). 

 

DISCUSSION AND CONCLUSION 

Considering the main objective of this study, which consisted in analysing the benefits 

of using PBL, we notice that students showed improvements in cognitive terms. 

Although these were more positive in the experimental group of PBL, they did not 

prove to be more significant than the results achieved with the LBL. The relevance of 

the results arises, nonetheless, since we found that students also have academic success 

with PBL.  

This work has proven that the introduction of this new teaching methodology (in the 

midst of an educational system characterized by a predominantly traditional one), did 

not cause a drop in knowledge acquisition. Notice that this concern is cause for 

criticism, confusion and conflict between teachers whenever one wants to implement 

new teaching methodologies. The present study has demonstrated that such concerns are 

groundless – students not only maintained (or increased slightly) the cognitive gains as 

they had the opportunity to research and perform tasks that benefit the development of 

scientific reasoning. Such an opportunity would never have been offered by LBL, since 

lectures and the reading of textbooks appeals only to mechanical memorization and the 

rhetorical reproduction of school contents.  

Despite the methodological advantages of PBL, the weak acquaintance of students with 

the process hindered the classroom dynamics, thus demanding for a wider and more 

frequent resort to PBL in science classes, so as to reassert its educational potential.  

Other studies can and should also be developed so as to verify if PBL promotes 

knowledge retainment to a larger extend than more traditional methodologies, both in 

PBL targeted students and in students subjected to the LBL. As a result, more evidence 

will back and sustain the advantages of favouring of PBL.  
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Abstract: Recent calls for reform in science education emphasize inquiry-based 
science learning as a valuable pedagogical paradigm that promotes the characteristics 
of science as a way of knowing. Still, teachers face many challenges in transforming 
their pedagogy into an inquiry-oriented one. As supported in literature, a main 
challenge that teachers face is finding ways to support their students when engaged in 
inquiry-based learning. Over the last few decades, as new technological tools have 
come into the educational scenery, teachers face even more challenges. Even though 
numerous studies explored the nature and tendencies of these challenges, very limited 
research has focused on how teachers choose to employ tools and strategies in 
everyday classroom settings. The purpose of our study was to explore how five 
teachers, who were novices in teaching with computer-supported inquiry-
environments, used strategies and scaffolding tools in order to support their students 
in an inquiry-based learning manner. A main finding was that the way teachers chose 
to provide learners support responded to the way they approached inquiry-based 
learning; teachers who had a more open approach to inquiry adapted their scaffolding 
strategies in order to support students in doing inquiry, while teachers who 
approached inquiry in a more guided way, primarily focused on guiding students to 
complete tasks. Computer-based scaffolding tools were employed according to these 
tendencies. In all cases, teachers employed less computer-based scaffolding tools that 
they originally stated in their lesson plans. Responding to the calls for research 
grounded in classroom practice, our study provides insights of the way novice 
teachers promote inquiry-based, computer-supported learning in real classroom 
settings.  

Keywords: inquiry-based science, scaffolding, teachers 

 
BACKGROUND, FRAMEWORK, AND PURPOSE 
The need to explore teachers’ uptake of inquiry-based pedagogy has become critical, 
as inquiry-based science teaching and learning has been in the frontline of reform 
efforts in science education for the past few decades (Millar & Osborne, 1998; NRC, 
2000). 	  
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An inquiry-oriented approach to learning and teaching requires teachers to be able to 
provide their students support; to guide them in making sense of their observations, 
using logic and reasoning, and data as evidence (Crawford, 2007). Scaffolding, 
however, has been proven difficult to implement in complex everyday classrooms.  

While numerous studies explored the nature of the challenges that teachers face in 
implementing inquiry-based lessons, there still is a need to examine how inquiry is 
being carried out in real-world, everyday classroom settings, how pedagogical 
strategies are used and how scaffolding technologies are employed (Kim & Hannafin, 
2011). 

Our study, while takes in mind findings relevant to the nature of teachers’ challenges, 
aims to investigate the core practices of teachers in computer-supported, inquiry-
based classrooms and more specifically the way they use strategies and technological 
tools to support their students. In this way the study responds to calls for research in 
science education grounded in classroom practice that are relevant to teachers’ 
everyday reality (Luft, 2010). 

The pedagogical framework of inquiry-based learning and teaching 
The emphasis on inquiry as pedagogy stems from a general consensus among 
theorists for a need for science education to place an emphasis on the scientific ways 
and practices used to establish, extend, and refine scientific knowledge (NRC, 2000), 
and move in this way beyond the portrayal of science as a mere body of knowledge 
that reflects current understanding of the world (Grandy & Duschl, 2007; Van 
Joolingen, De Jong, & Dimitrakopoulou, 2007).  This trend for placing an emphasis 
on inquiry is also reinforced by arguments about the failure of traditional science 
education to adequately prepare scientifically literate future citizens. Such an 
endeavor would require the engagement of students in reconsidering scientific ideas, 
making sense of persuasive messages, testing conjectures, interpreting data collected 
using modern technologies, and seeking more and more coherent understanding 
(Linn, Davis, & Bell, 2004). 

Inquiry, a term conventionally associated with scientific practice, describes a process 
that is multifaceted and complex. According to Grandy & Duschl (2007), scientific 
inquiry is comprised by elements such as theory development, conceptual change and 
model construction, while the role of experiments is situated in theory and model 
building, testing and revising. Inquiry-based science education has been interpreted 
over time in many ways throughout the science education community. In each case, 
the term inquiry has been associated with quality teaching and learning in science 
(Anderson, 2002).  

The present study, interprets inquiry as a teaching and learning framework that seeks 
to promote collaborative development of conceptual models with interpretive capacity 
through classroom practices and discourse that highlights some aspects of authentic 
science. Lessons organized in sequences that promote self-regulated learning and 
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place emphasis on active engagement, discursive argumentation and emergent student 
autonomy are important in maintaining this type of learning and teaching.  

In this framework the role of the teacher is to support students in complex tasks like 
framing questions, grappling with data, creating and critiquing explanations 
(Crawford, 2007). Accordingly, scaffolding in the inquiry based classroom is realized 
as the support given to students that allows them intellectual space as well as 
structure, and promotes the negotiation of ideas and conceptual evolution while, at the 
same time, introduces students to inquiry processes (Holbrook & Kolodner, 2000; van 
der Valk & de Jong, 2009). In doing so, teachers are expected to use tools and other 
scaffolds that can be distributed across the learning environment, on and off 
computers.	  

METHODS 
The study followed a design-based research approach (Barab, 2006), as we closely 
studied cases of teachers, who were novices in computer-supported inquiry-based 
learning and teaching, as they went through multiple iterations when dealing with the 
design and eventually the enactment of such environments. 

Our research questions were: a) which types of support do novice teachers use in 
order to scaffold students in pursuing computer-supported inquiry-based science 
learning, and b) how do they embed computer-based scaffolding tools in the way they 
provide support to students. 

Participants in the study were five graduate students who enrolled in a science 
education course about new technologies and learning in science. One participant had 
a first degree in Physics and four participants had a degree in Elementary Education. 
Four out of five participants had some teaching experience, and two of them were at 
the time carrying a full teaching load. Participants’ background information is 
illustrated in Table 1.  

Table 1 

Participants’ background information 
Teachers  
 
Andreas 
George 
Christine 
Alice 
Suzan 

First degree in 
 
Physics 
Education 
Education 
Education 
Education 

Status 
 
Pre-service 
Pre-service 
In-service 
In-service 
Pre-service 

Years of teaching 
experience 
<1 
<1 
15 
6 
<1 

 

At first, teachers had to participate in a semester-long course about new technologies 
in science teaching at the University of Cyprus. The course used design-based 
learning in order to prepare teachers to deal with the theoretical and practical 
dimensions of computer-supported inquiry based learning. During this course teachers 
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developed web-based inquiry learning environments using the web-based learning 
platform of STOCHASMOS (http://www.stochasmos.org). Learning environments on 
STOCHASMOS are problem-based; they begin by posing an overarching question, 
which students are asked to pursue through a series of investigations. These 
investigations might engage students in using various types of data, which they can 
handle using the platform’s computer-based tools. After the course completion, 
teachers enacted their designs in real classroom environments as shown in Table 2. 

We collected data during both the design phase and the enactment phase of the 
environments. Data collected were: a) teachers’ web-based learning environments, b) 
written teachers’ guides to these environments, c) teachers’ reflection journals during 
the design and enactment, d) video recordings of lessons enactments by each teacher, 
e) researcher’s observation notes, f) interviews with each teacher. 

*Suzan and George worked collaboratively in designing a shared web-based inquiry-learning 
environment. 

We followed a case study methodology (Yin, 1994) in analyzing the data. When 
transcribing videotaped lessons we focused on analyzing a) the activity sequence of 
each lesson, b) the social structures used in each lesson, and c) nature of inquiry tasks. 
For describing the nature of inquiry tasks we used the “five essential features of 
classroom inquiry” rubric proposed by the NRC (2000). According to this framework, 
depending to what extent the lessons contain the five essential inquiry features, they 
can be characterized in levels, level one being the most open inquiry lesson and level 
four the most guided one. 

For identifying the types of scaffolding teachers used to support students during their 
interactions with each group of students, we used open coding, following grounded 

Table 2 

Subject, duration, and intended audience of teachers’ enactments 

Teachers
Andrea  
 
 
Alice  
 
 
 
Christine 
 
 
Suzan, 
George* 

Subject domains 
Physics, geology, 
geography,argum
entation skills 
Environmental 
education, 
decision making 
skills  
 
Biology, health 
education, 
decision making 
skills 
Biology, thinking 
skills 

Driving question  
Which level of 
seismic hazard 
characterizes the 
Cyprus region?  
Which measure is 
most suitable for 
dealing with water 
management issues 
in Cyprus?  
Is it is safe to 
consume aspartame?  
 
What caused the 
massive absences of 
the students in a 
primary school? 

School 
grade  
Secondary, 
5th 
 
 
Primary, 6th  
 
 
 
Primary, 6th  
 
 
Primary, 6th 
 

Duration 
(lessons) 
4*45 
 
 
4*45 
 
 
 
8*40 
 
 
4*40 
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theory analysis techniques (Strauss & Corbin, 1998). Observations notes and teacher 
interviews were used to triangulate findings. 

Also, we compared how teachers described in lesson plans the use of the various 
computer-based tools provided by the platform, with the actual way that they used 
these tools during enactments. 

FINDINGS 
We identified eight different strategies that teachers used to support their students 
when engaged in inquiry learning. We grouped these strategies into three categories: 
a) strategies that were used to support students in getting on with their work, b) 
strategies used to support students to reflect on their work and c) strategies used to 
support students understanding of concepts and processes. These are summarized in 
Table 3. 

Table 3 

Emerging types of verbal prompts used by teachers  

Verbal prompts used by teachers 
Prompting students to complete specific tasks and use 
specific tools 
Leading students’ investigation into a predefined direction 
Explaining to students how to organize their investigations 
Prompting students to reflect on and explain their thinking 
Prompting students to support their thinking with evidence 
Explaining concepts verbally 
Asking students to retell information 
Posing questions to confirm students’ understanding of 
concepts 

Categories of prompts 
Supporting students in 
getting on with their 
work 
 
Supporting students to 
reflect on their work 
 
Supporting students’ 
understanding of 
concepts and processes 

 

Our findings were that the teachers that had a more open approach to inquiry engaged 
their students in tasks where they mostly needed support in reflecting on their 
thinking and supporting it with evidence, whereas the teachers who had a more guided 
approach to inquiry mostly supported students by prompting them to complete 
specific tasks and by posing questions to confirm their understandings. Our findings 
are summarized in Table 4. 

Addressing the question of how teachers used computer-based scaffolding tools as 
part of their overall support strategy our findings showed that teachers did not use the 
computer-based tools as they originally planned. All five teachers described the use of 
a wider range of tools in their lesson plans than what actually took place during 
teaching. Also, four out of five teachers showed a tendency to use many different 
templates, that they designed themselves in order to support students complete their 
work. The role of templates in supporting reflective inquiry on STOCHASMOS 
platform should be to guide students in interpreting data, externalizing their ideas, and 
connecting explanations to data they have collected. Teachers in the study showed a 
tendency to use templates in order to ensure that students would stay on track and 
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complete the tasks they have planned out for them. Also, while four teachers planned 
to use a peer review tool, a tool that supports students share learning products, 
eventually did not use it in enactments. 

 

Table 4 

Teachers’ verbal prompts compared to the openness of inquiry as implemented in 
enactments 
Teacher 
Suzan 

 
 
 
George 
 
Andreas 
 
 
 
 
Alice 
 
Christine 

Types of prompts mostly used by each teacher 
Prompting students to reflect on and explain their 
thinking 
Prompting students to complete specific tasks and use 
specific tools 
Prompting students to complete specific tasks and use 
specific tools 
Prompting students to reflect on and explain their 
thinking 
Prompting students to support their thinking with 
evidence 
Explaining concepts verbally 
Asking students to retell information 
Prompting students to reflect on and explain their 
thinking 
Prompting students to support their thinking with 
evidence 

Level of inquiry 
3 
 
 
 
3 
 

1,2 
 
 
 
4 
 

1,2 

 

CONCLUSIONS AND IMPLICATIONS 
By exploring the types of support that teachers used when they enacted computer-
supported inquiry-based lessons we can draw conclusions about: a) the way teachers 
understand the nature of computer-supported inquiry-based learning and b) about 
teachers’ challenges in using computer-based tools for scaffolding learners. 

Three teachers in our study approached inquiry-based learning in a guided way and 
this approach was also evident in the way that these teachers provided support to 
learners; they designed simple tasks and they used strategies that aimed to support 
students in completing these tasks. Two teachers, who had a more open approach to 
inquiry, supported learners in acting and thinking in an authentic science context. 
Since all of the teachers were novices, the use of computer-based scaffolding tools in 
their teaching had an experimental character. This explains the fact that all teachers 
planned to use more computer-based tools that they actually did. 

Three out of five cases of teachers in our study showed a tendency to emphasize in 
task accomplishment rather than in the advancement of ideas. Also, they showed the 
tendency to use predesigned templates in order to scaffold learners in following a 
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specific inquiry flow. Kali et al. (2011) report similar findings; novices in their study 
tended to focus on content hierarchy when building a lesson flow. Lakkala (2005) also 
reports that upon implementation of technology supported inquiry, teachers tended to 
turn back to conventional school tasks and assignments. 

Considering the importance of inquiry-based science, our study gives evidence about 
the challenges that teachers face when constructing their own images of inquiry 
pedagogy through the design of learning environments that are computer supported. It 
also provides insights of how to support teachers develop appropriate support 
strategies for promoting inquiry-based learning. 
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Abstract: An analysis of the content of five teaching sessions about Sex Education (SE) 

in Lebanon shows the lack of the participative style, argumentation, and the 

predominance of the biomedical dimension of human sexuality. In fact, the students who 

have participated in the five recorded courses are in the didactic contract; they seek 

mostly biological information, since the education is given in the frame of a biology 

course. A better knowledge of the problems related to the scholar implementation of this 

theme in Lebanon is a necessary introduction to solving them in a better way. 

Keywords: Sex education, Didactic transposition, Science, values Interaction, 

Conceptions, Lebanese Education system. 

 

INTRODUCTION 

In 1994, the World Health Organization (WHO) said that the SE must provide the 

students, taking into consideration their performances, with scientific information and 

knowledge which allow them to discover and understand the different dimensions of 

sexuality; The WHO added that the SE also seeks to stimulate the reflection of the 

students about the provided information in order to help them develop their personal 

attitudes and future familial and social responsibilities.  

In fact, human sexuality is not limited to life transmission only (biological dimension), 

but also comprehends biomedical, social, psychological, affective and relational 

dimensions (Pelège & Picod, 2007). 

Many studies have shown the repercussions and stakes of the teacher’s knowledge in 

these entire fields, on the quality of the SE in school (Oshio &  Nakalema, 2005; Corteen, 

2006 ; Strange et al, 2006, Anastacio, 2007).  

Studies conducted in Tunisia (Abdelli & Abrougui, 2006; Abrougui et al, 2010) have 

showed that many young students dared to ask their teacher questions related to all the 

dimensions of sexuality in an anonymous context (they ask their questions in writing), 

but also in the frame of a relationship built on trust between the students and the teacher. 

On the other hand, we have experienced in Lebanon that, in a secondary class which 

contains less students than an average university one, and where anonymity is thus less 

present, the students ask much less intimate and personal questions. Other studies have 
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shown that for a more efficient SE, the students must feel at ease when discussing sexual 

topics. This requires from the teachers a receptive attitude and a lot of transparency 

(Allen, 2005). 

An increasing number of tutorials (Solomon, 1992; Simonneaux, 2001, 2003, 2013; 

Clément, 2004) shows that in the frame of scientific education, the debate in class on 

socially acute questions (QSA,  or Socio-Scientific Issues / SSI) incites a decline 

concerning knowledge issued from many disciplines, and a tackling of the complexity of 

the decision making, in particular the interactions between the scientific knowledge (K), 

values (V) and social practices (P): pattern (KVP) (Clément 2006, 2010). 

Even in the textbooks, the importance of the participative style has been underlined, 

especially for the environment and health education (Abrougui et al, 2007, Khalil, 2007).  

In the participative style, the problematization is systematically present. It could launch a 

discussion or debate in class. On the other hand, in the informative style, the sentences 

give information only: they are data, facts. There is no problematization, or asking 

students to reflect about the topic, or perform a particular action. 

In the injunctive style, the sentences have an imperative or injunctive style; the 

information is transmitted in a dogmatic way. The essential point in this approach is to 

transfer maximum information. 

In the persuasive style, the problematization is present very generally, with an 

argumentation that interests only in one unique specific solution. 

In principle, the Lebanese youths shall be interested by the SE as much as the youths of 

other countries. According to the data of the family planning in Lebanon (2009) and the 

WHO [Global school Health survey (student based)-CDC&WHO Lebanon. 2005], the 

age of the first sexual relation in Lebanon varies between 12 and 18 years old. The 

percentage of married women (between 15 and 59 years old) who use contraception is 

58% (http://www.lfpa.org.lb/), whereas according to the latest statistics (dating from 

2004) of the United Nations, the average marrying age of Lebanese women is 27 years 

old and of Lebanese men is 31 years old, also noting that the percentage of married 

Lebanese women aged between 15 and 19 years old is 5,3% and that of married men 

from the same age category is 0,4% 

(unstats.un.org/unsd/demographic/products/indwm/tab2b.htm).  

 

OBJECTIVES AND QUESTIONS OF RESEARCH 

In the perspective of  making an inventory of the present reality of SE in the Lebanese 

schools, the thesis of Yaminne (2011) has conducted a survey in about a hundred schools, 

whether confessional or not, and has analyzed the conceptions of Lebanese teachers on 

this matter as well as the contents of the Lebanese curricula and textbooks. We hereby are 

presenting a complementary analysis concerning the content of five learning sessions 

related to SE, filmed with the approval of the teachers. This analysis will allow us to 
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determine the teaching styles that are being used and he nature of the contents when these 

are taught, in order to answer the following questions:  

 In case it exists, does the teaching limit the SE to mere biomedical information, or 

does he try to take into consideration all its dimensions, not only biological, but 

also medical, affective and social ones? 

 In the frame of these sessions, are the students (or are they not) within the didactic 

contract with the implicit or are they more in a biology course where only biology 

is discussed? 

 At this level of didactic transposition, which obstacles to the SE in the Lebanese 

scholar framework could we identify?  

 

METHODOLOGY 

Five sessions, between 45 and 55 minutes each, have been filmed between 2008 and 

2009. Three out of these five sessions concern grade 8 students (students aged between 

13 and 14 years old), one the  2S classes – Humanity (students between 16 and 17 years 

old) and one the 3S classes (between 17 and 18 years old). The video documents have 

been then transcribed. We have worked from this transcription, with a few reviews of the 

video document in order to eliminate a few ambiguities. The noise of the students in 

certain cases and the unique position of the camera have put limits to the transcription. 

The sessions being filmed with the consent of the professor, the approval of the latter was 

the main criterion for the choice of each one of the five sessions. We have tried many 

contacts randomly, but many teachers have refused for several reasons, that is for 

example that the chosen date for the filming falls after the theme has been tackled in 

class. Finally two teachers who work in private Catholic schools in Beirut (a grade 8 and 

a 2S teacher), two other grade 8 teachers who work in private Catholic schools in Mount 

Lebanon and a 3S teacher who works in a private Muslim school in the Bekaa accepted 

that we film their session. In the five sessions, the camera was not hidden. 

This analysis turns mainly: 

  on the supporting elements that are used and the nature of the taught contents, 

 on the teaching practices in themselves ( the interventions of the teachers and 

students), 

 on probable limits or lacks of precision of the teacher’s knowledge, 

 on possible implicit values of the teacher that might be conveyed in the different 

parts of the discourse. 

We will characterize the interventions by determining the teaching styles and analyzing 

the exchanges established during each session. We extract from this analysis the overall 

structure of the education provided during the filmed sessions. The indicators of the 

informative style correspond to the list of biology knowledge that is tackled.  

The indicators of the injunctive style correspond to the list of imperative verbs (look, 

listen, raise your voice,…) and other injunctions (you must know, one must know,…). 
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The indicators of the descriptive and expository style correspond to the list: here, that is, 

these are, you see, this is, you will see… 

Phrases that characterize persuasive style give more discriminating solutions (use of the 

conditional presentation of different arguments): "you can conclude ... you need to do this 

... 

The sentences that characterize the participative style present many viewpoints or many 

solutions. 

We have made an analysis of each teaching session in order to make a synthesis after 

that. We have highlighted particularly the questions that the students dare to ask, which 

allowed us to determine whether the students are (or not) in the didactic contract 

(Brousseau, 1986) by limiting their questions or not to the field of biology. A last 

sentence of our analysis has allowed us to identify certain obstacles to the SE in the 

Lebanese scholar framework. 

 

RESULTS AND FIRST ELEMENTS OF DISCUSSION  

1. The General Structure of the Overall Education 

In the five analyzed sessions, we found two types of discourse: 

a- A majority, informative discourse, constituted mainly of a dialogue induced by 

the teacher, characterized by interrogations and/or injunctions. But sometimes, it 

is rather a monologue made by the teacher that exposes the information he has. 

The structure of the dialogue sentences is crystal clear; the teacher talks a little, 

and then asks a question, and the student answers, sometimes many students 

answer. Often, the teachers approves after the answer. So, there is a question, a 

short answer, an approval, and the teacher says: “yes this is the truth, sometimes 

it’s yes but, all right then it’s…”  Thus, the previous dialogue is ended and the 

next one is introduced. The teacher always works by following the same 

discursive structure (the indicators are redundant). 

Extract n
o
 1 of the transcription of the analyzed sessions 

… T : yes, in the embryonic state. When? When the baby is an embryo in the uterus. 

All right, there is a stock of follicles. What is a follicle? Yes  

S1 : a small ovule   

S2 : it’s a cell covered ovule 

T : yes, it’s pile, it’s a pile of cells, a cellular pile within which there is one or two 

future ovules. What is the number of this stock? Who knows? How Many? 

S3 : around 400 

T : 400, around 400 yes, it could be more than 400 follicles, a little less. All right, then 

these follicles, do they change at birth? 

S4 : No. 

T : At what moment do these follicles begin to evolve, to change?  

S5 : At puberty. 

T : … What does a cycle mean? Yes. 

S6 : A daily repetitive thing. It is a periodical cycle that repeats itself every month… 
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b- The interventions of the students, mainly when the teacher allows them to ask 

questions, mostly by an injunction to ask questions. In these cases, the students do 

not interrupt the teacher; they present submission and obedience to his authority 

which demands them to ask questions 

Extract n
o
 2 of the transcription of the analyzed sessions 

 

Very few questions are on topics other than those covered by the documents; in this case 

the interventions are a line average: 

Extract n
o
 3 of the transcription of the analyzed sessions 

 

 

In some cases, the students ask spontaneous questions without previous solicitation of the 

teacher; these questions, however, remain in the precise framework of the tackled topic. 

Extract n
o
 4 of the transcription of the analyzed sessions 

 

So, at this level, we have found two categories of interventions by the students, those 

which do not exceed a half a line and are answers to the teacher’s questions, and the other 

interventions which are asked by the students and are mostly from a few words to two 

lines. Probably, the students express themselves more when they are given the occasion 

to externalize what triggers their interest most without however exceeding the established 

framework. On the other hand, the teacher’s interventions are longer, between one and 

twenty lines. Briefly, the teacher remains in the center of education in order to provide 

the students with knowledge, without hearing their previous questions about sexuality. 

 

 

 

…T : We said last time that there is…What is the uterus, first ? (What is the uterus?) 

S1 : in the mucous membrane, madam          

S2 : cell, cell…         

… S1 : Mme what is a hormone ? 

S2 : the menses ? 

S3 : and the glands ?...  

…S1: after the baby is born, when the woman has her first menstruation? 

S 2: after the baby is born, can a woman have sexual intercourse with her husband?  
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2. Limits in the Teacher’s Knowledge 

We have noticed different lacks of the teacher’s knowledge in the five sessions we have 

observed. For example, when the teacher was explaining that the spermatozoids are 

ejected only during ejaculation (unconscious, masturbation, sexual intercourses), and 

establishing a link between sexual intercourses and night ejaculations. As if the 

spermatozoids where not ejected with urine outside these ejaculations. This limit of 

knowledge could justify masturbation practices and/or sexual intercourses. 

Extract n
o
 5 of the transcription of the analyzed sessions 

 

 

3. The Implicit Values 

In three out of the five filmed sessions, we have figured out implicit values, in fact, the 

sexual relations that are always evoked between a wife and a husband when it is explicit, 

and extending to all the sexual relations that are evoked (implicitly). 

Abstinence is mentioned as a means of contraception, but the questions asked by the 

students do not concern only the frame of marriage. 

Extract n
o
 6 of the transcription of the analyzed sessions 

 

 

Noting that these implicit values, which are positions taken from outside the biology 

field, had not been put to discussion with the students. 

 

 

 

…T : no, not every day, not every day, absolutely not. But if they accumulate a lot 

and he does not have sexual relations or masturbate, i.e. the masturbation does not 

take place, the sperm will be ejected. How many times at night when a child, not a 

child, an adolescent is sleeping, he could ejaculate during his sleep at night without 

noticing, so without noticing he could dirty himself. T. he could, what was I saying? T.  

He asked me a question which is pretty interesting for you, how do men, how could 

they ejaculate unnoticeably? If they do not masturbate, if they don’t have sexual 

relations, of course. But if they had sexual relations, all this would not happen … 

…T : we perform an in vitro fecundation in the laboratory, for example, we take the 

spermatozoids of the husband, the ovule of the wife and we can at present sort out , 

take the spermatozoids X or Y and make the fecundation. But do not think that it is that 

easy, it is not an easy method and it is expensive...  

…T : So, if she does not want to have kids, she has to abstain from sexual encounters 

during this period, Ok ? To abstain, i.e.  not having any sexual relation... 
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4. Teaching Styles 

The indicators of the different teaching styles show the predominance of the informative, 

injunctive, interrogative and expositive styles. 

Extract n
o
 7 of the transcription of the analyzed sessions 

 

 

We have to point out that in all the sessions, we could not identify argumentative 

exchanges (Plantin 1996, Clément 2006), with two opposed positions formulated over a 

question, leading to an exchange based on argumentation for one position opposing the 

other. The students do not make arguments at any moment of these sessions, nor seek to 

situate and defend their own idea. There are never any contradictions, debates or 

arguments to defend a position rather than another, since there are no opposing positions. 

This lack of participative style has already been noted in the analysis of the textbooks 

(Yammine, 2011). However, the participation of the students is very important in this 

kind of education which aims to develop the student’s autonomy, making him more 

responsible, and develop in him the capacity of making relevant choices. 

The contents that were tackled in the five sessions fall mainly within the field of biology, 

which, in that case, reduces SE to its biomedical dimension. Also, the supporting 

elements that were used (films, slides, computers) do not seem to favor the participative 

approach to make the SE. 

  

GENERAL DISCUSSION AND CONCLUSIONS: 

The analysis of the contents that were tackled in the five learning sessions shows that 

they derive mainly from biology and tend to reduce SE to its biomedical dimension. 

These results enhance our analysis of Lebanese programs and textbooks (Yammine, 

2011) in order to show that the contents taught in SE develop mostly knowledge about 

human reproduction and life transmission. 

In these courses, the students are in the didactic contract, it is a biology course: They talk 

only about biology, even though it is not the only matter of interest of the students. 

Even though some teachers have succeeded in bringing out certain questions (about the 

first ejaculations, sexual intercourses during period, human reproduction and life 

transmission), others, relating to the physiological aspect of the feminine and masculine 

…T: Look here please. So, the title is “from Fecundation till Birth”. From fecundation 

till birth, ok? Good. I am asking you a question, ok? And we have to answer this 

question till the end, ok? So, now you are going to read for a few minutes and then 

we’ll begin the explanation. You, you’re going to listen to the explanation and I am 

going to answer this question, ok? All right so you’re going to open the book on the 

pages 137-138 and read the activity, ok?... 
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sexual response (sexual desire, pleasure, orgasm, fertility and impotence ), do not come 

out. 

On the other hand, the question about hymen and sexual orientation which derive from 

the field of biology but also other ones (psychological, social or religious…) have not 

been tackled in the analyzed sessions. In fact, this depends also on the relationship 

between the teacher and the students. 

It really seems that talking about sexuality in its social, affective and psychological 

dimensions, in addition to its biomedical one within the strict frame of procreation 

(marriage, family) remains, somehow, a taboo which explains the silence of the 

education, curricula, and textbooks in Lebanon. 

It is to mention that the discourses of some teachers (in the filmed sessions) reflect 

implicit values: they associate human sexuality to the matrimonial frame (sexual relations 

associated to marriage, abstinence in order to avoid pregnancy). In fact, the age of the 

first sexual relation is inferior to the average marrying age in Lebanon, which proves that 

the students (aged between 13 and 18 years old) to whom the teacher addresses have 

other interests. They are in the problematic which is not sexual relations of couples inside 

marriage, and would be partial to other comments, indeed the debates about questions 

that interest them. Probably, the teacher talks about sexual relations only in the frame of 

matrimony in order to meet the requirements of the program, the general policy of the 

school in which he works, his personal values, or in order to avoid trouble with parents 

who might have bad reactions when they are informed about him talking about premarital 

sex. Oz (1991) has shown that for the teachers, the opposition of parents is the main 

obstacle to the implementation and enforcement of SE in the scholar framework.  

The structure of the dialogue, the exchanges, used teaching styles, limits of the teachers’ 

knowledge, nature of the taught content, implicit values and used educational supporting 

elements constitute in themselves different categories of obstacles to the SE and reflect 

the reality and complexity of the situation in Lebanon. 

Could we talk about sexually educating the students, even in its most restrained 

biological frame, when the truth is what is mentioned in the textbook and probably other 

documents provided by the teacher, and what is said by the guarantor of this truth, the 

discourse of the teacher, within the lack of the least scientific argumentation and 

demonstration? 

The difficulties of the implementation of the SE in Lebanon witness of the interactions 

between the knowledge that is concerned by the SE (not limited to biology, but also 

including social, psychological, affective, ethical, etc. dimensions) and the values and 

practices of the society today. However, as it is shown in the sociological investigations, 

the sexual living of an increasing number of Lebanese youths differs more and more from 

the official frameworks in which SE is a part in Lebanon. Their openness to the world 
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(via the internet, globalization…) makes it urgent to have SE which is at the same time 

informative on the scientific plan and open to their questions.           

It is evident that nothing shall be omitted at the knowledge level (K) and that values (V) 

and practices (P), especially in a multi confessional framework such as the Lebanese one 

could be tackled but as socially acute  questions (SAQ), under the form of debates 

without indoctrination, whether from one side or the other.        
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Abstract: The teaching and learning of chemistry has long been studied and a large share of 
the research has used chemical reactions as a context. Many studies have been done on 
effective ways to teach chemical reactions especially on students’ conceptions or their 
difficulties in understanding this notion. Many researchers have described a number of 
problems that students have in explaining and describing chemical equilibrium systems. To 
assist the individual implementation of knowledge by the pupil, the teacher should step in the 
choice of the tasks and the organization of the session. This contribution focuses on this 
second aspect and more precisely on the practices of two teachers, a “novice” and an “expert” 
in labwork and postlab session explaining incomplete chemical reaction with senior secondary 
year. Two teachers and their students were videotaped. The videos were extensively 
transcribed. A brief interview was conducted immediately after the labwork and the postlab to 
receive feedback from teachers on the achievement (or not) of the objectives it had set. The 
analysis of some extracts and interviews of a teaching sequence allowed us to bring to the fore 
different means of controlling the session and the sequence of concepts and knowledge by 
teachers. This case study contributes to demonstrate that differences between the two teachers 
can also show differences in assimilation issues of a new program or habit persistence and 
guides us for future teachers’ training. 

Keywords: Teachers’ practices, chemical education, labwork, postlab session, chemical 
reaction. 

 

INTRODUCTION  
Teaching and learning of chemistry has long been studied and a large share of the research on 
this topic has used chemical reactions as a context. Many points of view have been studied 
like teaching the notion of chemical reaction (Gabel, 1998), and specifically student 
conceptions (Taber, 1998) or their difficulties in understanding this notion (Stavridou & 
Solomonidou, 2000; Kermen & Méheut, 2009). But, understanding chemical reactions is 
difficult because it involves the notion of substances under transformation. This paper is part 
of a broader research1 that studies practices of physics and chemistry teachers, focusing on the 
evolution of chemical systems which is a central theme of the 2002-2012 french curriculum of 
the senior secondary year (the last year before university). In the curriculum of September 
2012, this theme has disappeared even though it was innovative compared to previous 
programs (Kermen & Méheut, 2009). It seems important to characterize the practices of 

Strand 3 Science teaching processes

594



teachers on this particular topic to have resources for teacher training. However, the chemistry 
is an experimental discipline, that’s why it is important to introduce a look at the contents 
using the distinction between the experimental level and the level of models. This curriculum 
has been the subject of an analysis of this type (Kermen & Méheut, 2009) which we recall the 
relevant aspects for this study.  

The classroom interaction has become a central issue for science education. For this reason, 
there is a diversity of theoretical framework used for analyzes of classroom interaction. 
Practices of physics and chemistry teachers in France have been studied with different 
objectives. The methodology for collecting data is common. The idea is to have video 
recording session’s ordinary class, on different time scales, often supplemented by interviews 
with teachers. In works (such Venturini et al., 2007), which attempts to describe and analyze 
the teaching practices: they observed the lecture, the labwork and the exercise corrections. 
They selected episodes within particular linguistic exchanges and gestures of the actors. This 
selection was based on two criteria. The first one is the nature of the knowledge involved and 
the typical problematic knowledge of the discipline. The second one is the type of activity 
conducted by the teacher. In this study, it is a research on teaching practices with two points 
of view the didactic one (thematic and conceptual approach) and the functional one 
(episodes). We propose to study the didactic function of the teacher, which mean his relation 
to teaching content and its relation to the student regarding these contents. We detailed the 
two approaches in the analysis part.  

In our case study, we are interested in the differences of organizations between labwork and 
postlab sessions of two teachers (one expert and one novice) and in how two teachers 
approach the incomplete chemical change.  

 

RATIONALE 

To assist the individual implementation of knowledge by the pupil, the teacher should step in 
the choice of the tasks and the organization of the session. This contribution focuses on this 
second aspect and more precisely on the practices of two teachers in labwork and postlab 
session dealing incomplete chemical reaction with senior secondary year students in French 
schools. Our goal is to understand the differences and similarities of practices between a 
novice and an expert in teaching.  

We focus on teaching practices and we would like to clarify that we look for identifying 
trends among these teachers, and not for establishing profiles. We consider the activities of 
teachers and students that we have videotaped. We are not looking to infer broader 
conclusions about the conceptions of teachers and the role of experimental activities in their 
teaching or their vision of science. More generally, taking into account the reality of teachers 
can help to provide relevant situations in initial and continuing training. By direct observation 
of class sessions, we wanted information that does not pass through the teacher talk about his 
action but by its action itself. We try to clarify here the sequence of concepts and methods of 
work envisaged by the teachers observed in teaching an incomplete chemical reaction.  
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In this case study, we ask two research questions: what are the conditions of work that 
teachers organize for students in labwork and postlab sessions on the incomplete chemical 
change? And how teachers organize the sequence of concepts in the sessions observed? 

 

METHODS 

Data 

The classes observed are located in high schools in the Paris region. According to the 
teachers, students are good while some had some difficulty.  

Two teachers and their students were videotaped. We paid attention to the information passed 
by the actions done by the teachers. The content of the filmed sessions was the mixture of 
ethanoic acid, sodium ethanoate, methanoic acid, sodium methanoate. This experience is 
proposed by the curriculum. We used this experience in the labwork. This labwork precede 
the introduction of the tendency for net change and prior to the study of forced chemical 
changes that are electrolysis. In the postlab session, the teacher and their students completed 
the calculations started in the labwork. 

A brief interview was conducted immediately after the labwork and the postlab to receive 
feedback from teachers on the achievement (or not) of the objectives it had set. Teachers were 
then placed in front of video recording sessions to comment freely what they saw. 

There is a difference about 10 years of experience between the two teachers. Labwork and 
postlab sessions were filmed using a camera located at the bottom of the class. The audio and 
video recording helped us to transcribe almost all interactions between teachers and students. 
Transcripts and videos were implemented in Transana. This software allowed us to transcribe 
data, identify analytically interesting clips, assign keywords to clips, arrange and rearrange 
clips, explore relationships between applied keywords. 

The corpus here is not representative in the statistical sense of the whole. Our case study is an 
observation of two volunteer teachers motivated to participate in the research. In addition, it is 
the work and the action of teacher seen by the researcher 

Analysis 

Our preliminary observations showed an organizational difference between sessions of the 
two teachers. We note also a difference in the way teachers approach the same content. We 
looked at the ways of teacher working with the students in the classroom (part of the 
intellectual activity of the students), and linking concepts in the theme of an incomplete 
chemical transformation. We noticed in the "skills" program column, the lists of the skills in 
terms of actions (or intellectual activity) students. The idea is to see if we can find traces of 
these types of activity in the discourse of teachers and their practices. 

Our analysis of transcripts consists of three parts: a division into episodes, themes and an 
analysis of the chemical reaction meaning in the discourse of teachers.  
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An episode is defined by a series of exchanges underpinned by a common goal (Bouda & 
Weil, 2004). The identification of episodes gives an idea of the session’s organization and 
their respective importance in the teaching sequence. Goals chosen are related to curriculum 
program skills list in terms of students’ actions (or intellectual activity). Some Examples of 
types of episodes are cited here: engagement, installation of the material, experiences, and 
conclusion. 

The theme is a cutting unit of speech that has a dimension of knowledge and interactional 
dimension (Malkoun & Tiberghien, 2007). This division is used to analyze the conceptual 
content of each sequence in relation with the curriculum contents. Part analysis methodology 
is the official program at the macroscopic scale for knowledge taught. It is a reference for the 
construction of knowledge taught at the mesoscopic scale. For each theme are described in the 
reports to learn game 

Didactic analysis of the two concepts “incomplete transformation and chemical reaction”2 in 
the discourse of teachers was based on the study of Kermen & Méheut (2008). These studies 
concluded that the distinction between the two concepts has not been the major issues of 
teaching. An analysis of textbooks (Négrier & Kermen, 2011) showed that the couple of 
chemical reactions are associated to the incomplete transformation formally, and the reaction 
term is often used in the empirical register. The results encourage «...to consider a time to 
assimilate objectives and challenges of a new program very long and to assimilate a strong 
habit persistence earlier thought ... ". We give here examples where the term reaction is used 
in the empirical register: total or incomplete reaction; spontaneous reaction, the reaction can 
progress, and the reaction proceeds in the first direction, the initial state of a system is the 
chemical state where the components are prior to reaction. Our initial hypothesis was that the 
differences between the two teachers can also show differences in the assimilation issues of a 
new program or habit persistence. 

 

RESULTS 

Episodes analysis shows that novice focuses in labwork on the students’ manipulations and 
visual observations of selected experiences. For each experiment he asks students to observe, 
interpret and dictate conclusions. In the postlab, he corrects the activity questions (red in the 
figure 1), checks calculations (yellow) and dictates conclusions (blue). In the labwork, the 
expert focuses the discussion on students' initial proposals. However, the postlab was an 
opportunity to discuss the evolution of a chemical system and comparing the results with the 
initial assumptions of the students (orange). 
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Expert Episodes
Novice Episodes

 

Figure 1:  Episodes in the postlab session for the expert and the novice. 

Thematic analysis shows that the novice recalls briefly the literal expression of the reaction 
quotient to apply for one of the mixtures. He writes the equations of reactions based on the 
experimental observations and the activity document and arrives at the end of the labwork to 
the tendency for net change. The postlab was an opportunity to talk about the concentration 
ratios of the two acid-base pairs, conclude the direction in which any net reaction will tend to 
proceed and do application exercises. The expert reminds the literal expression of the 
concentration ratio for the ethanoic acid-sodium ethanoate couple in the initial and final state. 
Unlike the novice, he discusses initial proposals of student about reactions equations, used 
briefly the microscopic level to the equilibrium state of a system. During the postlab, he 
concludes the direction in which any net reaction will tend to proceed using the concentration 
ratios of ethanoic acid-sodium ethanoate couple in the initial and final state. He eventually 
applies the tendency for net change. 

Our didactic analysis showed that both teachers have had difficulties in making a distinction 
between chemical change and chemical reaction in class. It seems that they are costumed to 
the old way of teaching and that they need time to assimilate the changes asked by the 
instructions. 

In the two examples below, the first one is an example of difficulty with the novice and the 
second one is an example of difficulty encountered with the expert. 

      [...] The expert teacher: that is not the reality that this is not a synonym reaction complete 
what you just told me 

     Student: I ouhhh ahhhh 

    Expert: (the teacher complete what the student has said) to starts with total [...] 

     [...] The novice teacher: this transformation observed is interpreted /this transformation 
observed is interpreted / as an evolution of the system in the reverse direction of the reaction / 
observed this transformation can be interpreted as an evolution of the system in the reverse 
sense of transformation [...] 

In the graphs below obtained from the database Transana when we analyzed extract. We note 
that in the labwork (Figure 2), the two teachers do not make much distinction between the 
chemical reaction and the chemical change. In the labwork, the expert reason in terms of 
empirical reaction (red) more than the novice. While in the postlab (Figure 2) the reverse is 
true. The novice reason also in terms of empirical chemical change, what we can see in blue 
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and green in the graphs. 

Reasoning in terms of empirical reaction: using other concepts.
Reasoning in terms of empirical reaction: using the concepts of chemical reaction and chemical change
Reasoning in terms of empirical chemical change: using other concepts.
Reasoning in terms of empirical chemical change: using the concepts of chemical reaction and chemical change

Expert labwork
Novice labwork

Reasoning in terms of empirical reaction: using other concepts.
Reasoning in terms of empirical reaction: using the concepts of chemical reaction and chemical change
Reasoning in terms of empirical chemical change: using other concepts.
Reasoning in terms of empirical chemical change: using the concepts of chemical reaction and chemical change

Reasoning in terms of empirical reaction: using other concepts.
Reasoning in terms of empirical reaction: using the concepts of chemical reaction and chemical change
Reasoning in terms of empirical chemical change: using other concepts.
Reasoning in terms of empirical chemical change: using the concepts of chemical reaction and chemical change

Expert labwork
Novice labwork

 

Reasoning in terms of empirical reaction: using other concepts.
Reasoning in terms of empirical reaction: using the concepts of chemical reaction and chemical change
Reasoning in terms of empirical chemical change: using other concepts.
Reasoning in terms of empirical chemical change: using the concepts of chemical reaction and chemical change

Expert postlab
Novice postlab

Reasoning in terms of empirical reaction: using other concepts.
Reasoning in terms of empirical reaction: using the concepts of chemical reaction and chemical change
Reasoning in terms of empirical chemical change: using other concepts.
Reasoning in terms of empirical chemical change: using the concepts of chemical reaction and chemical change

Expert postlab
Novice postlab

 

Figure 2: The distinction between chemical reaction and chemical change in the labwork and 
the postlab for the expert and the novice. 

 

CONCLUSION 

The identification of episodes showed differences in the organization of sessions. Themes 
showed that both teachers favour the thermodynamic model for incomplete chemical reaction, 
and apply the tendency for net change in an algorithmical way (easy to make and store). They 
provide more explanations via amount of substance evolution. The didactic analysis shows 
that the distinction between chemical change and chemical reaction has not been a major issue 
for either experienced and novice teacher. 

Interviews before and after the session’s referred us to features already observed in the two 
teachers practices. The novice provides importance to visual observations, the use of the 
experience protocol in the experiments and the importance of handling students with 
autonomy. The expert was interested in the student’s initial proposals. We noticed also 
through interviews that the two teachers mention the difficulties of knowledge mobilization. 

 

NOTES 

1. Data was taken through collaboration with Isabelle Kermen. 

2. A “…… chemical change (a description of the facts) and chemical reaction (a model, an 
interpretation of the facts), symbolized by the chemical reaction….” (Kermen & Méheut, 
2009) 
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Abstract: At the Centre for Interdisciplinary Science (University of Leicester, UK) we have 

developed an undergraduate programme in Natural Sciences in which the core sciences 

(biological sciences, chemistry, physics and earth sciences) are taught entirely by Problem 

Based Learning (PBL) through modules that address inherently interdisciplinary problems. 

We have found that the extended nature of the research tasks presented by the problems 

presents various challenges including surface learning, lack of pre-session preparation and an 

inappropriate division of learning within groups. To address these issues we introduced a 

number of interventions to scaffold the student activities including less frequent but longer 

facilitation sessions, pre-session tasks (recommended reading, questions for discussion and 

detailed learning objectives) and assigned weekly questions. We also introduced facilitation 

by dedicated trained, subject specific teaching fellows, rather than employing ad hoc graduate 

teaching assistants, to provide continuity over the programme. We report on the 

implementation of these interventions and provide quantitative indicating resulted in a 

statically significant increase in the average module grade. Qualitative data from focus 

groups with the students indicated that the most significant change was the use of teaching 

fellows in PBL facilitation. 

Keywords: Problem-based learning, scaffolding; natural sciences, interdisciplinarity  

 

INTRODUCTION 

The Natural Sciences programme offered by the Centre for Interdisciplinary Science at the 

University of Leicester is an undergraduate degree in interdisciplinary science. The 

programme began in 2004 (under the title of Interdisciplinary Science) encompassing content 

from biology, chemistry, physics and earth sciences. It is innovative in at least two particular 

respects: the core modules are interdisciplinary in nature (e.g. astrobiology, forensic science, 

biophysics) and are taught by problem-based learning (PBL).  

The core modules in each of the three years of the BSc programme are studied sequentially, 

each over 5 weeks, through facilitated sessions and informal lectures. Assessment is via 

coursework (65%, group work and individual) and examination (35%).  There are additional 

support modules (skills, mathematics and computing) and a laboratory programme in all four 

disciplines.  

The PBL pedagogy is ‘a student-centred method of teaching in which students learn by 

investigating real-world problems and, working in groups, seek out the tools necessary to 

solve them’. (Raine and Symons, 2012, quoting from the Delaware Institute for the 

transformation of undergraduate education, ITUE) 

The approach has met with varying success in different contexts, although most meta-

analyses of the research data conclude that it has positive benefits in terms of long-term 

retention of learning and transferable skills (Strobel and van Barneveld, 2009). Our experience 

Strand 3 Science teaching processes

601



 

suggests that the variability may arise from the detailed way in which the PBL methodology 

is implemented.  

 

BACKGROUND AND FRAMEWORK 

Issues in the delivery of the programme 

Despite the enthusiasm of its proponents, PBL can present a challenge for some students 

(Wiznia et al. 2012). The challenges we have found in developing the PBL pedagogy are:  

Surface learning and lack of engagement 

Unlike in training courses for the professions (medicine, architecture, law etc), it is difficult 

to find open-ended problems in pure science which define the depth and level of the response. 

Thus, for example, in a medical degree one might set a problem involving the diagnosis of a 

particular cancer and a recommendation from the standard approved treatments. In pure 

science, one might want to look at the cause of cancer, but at what level of detail? In a 

traditional approach, this would probably be defined in the lecture notes. In undertaking their 

own research some students disengage fairly close to their “comfort zone”.       

Satisfaction with first “googled” search term 

One consequence is that weaker students are satisfied with the first “googled” search that 

yields a paragraph which they can understand. This is acceptable within the context of a class 

facilitation session where the facilitator can probe more deeply, but it can lead to a lot of 

wasted time between sessions. Increasing the frequency of facilitation sessions to one per day 

(O’Grady et al., 2012)  is not only expensive, but can have the opposite effect in signalling to 

the stronger students that in depth thought is not required.   

Lack of research between classes 

Even where students have identified their own learning issues and agreed these with a 

facilitator, the research between facilitation sessions can result in little acquisition of 

knowledge, either through excessive “cutting and pasting” or a failure to probe a lack of 

understanding. Related to this is the “cliff edge” effect whereby extending a student a small 

extent beyond their comfort zone can produce a very large diminution in performance.  

Inappropriate division of learning within groups 

Students may divide tasks inappropriately. In order for the sharing of expertise by a group to 

work effectively in problem-solving, there has to be a shared basis of knowledge which 

members bring to the group discussions. Unfortunately, while the hierarchy of knowledge 

may be clear to the facilitator, it may not be so clear to the students. For example, to an expert 

it is obviously inappropriate to share the task of mastering Newton’s three laws one each 

between three members of the group, but to the group it may seem no different to sharing the 

analysis of three causes of the first world war. Only the expert knows when parts are 

connected or independent. 

Lack of detailed subject knowledge 

Related to all of the above is attention to appropriate detail. This is most clearly found in 

analytical work where students google answers and not methods, so calculations are 

something to be looked up rather than executed (or, if really necessary, to be adapted at best 

by substitution of different numerical values into a formula). 
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Scaffolding 

These issues can were tackled by a number of interventions at the start of the 2010-2011 

academic year. Scaffolding provides a structured approach that avoids cognitive overload. It 

can take various forms but its principal feature is to ensure that the task space is in the 

student’s zone of proximal development. In the classical description of PBL this is provided 

by the facilitator, in class, through questioning that allows students to identify their learning 

issues. Unfortunately, in reality, the identification of a learning issue in pure science is a 

complex task that rarely boils down to a simple label. In practice the complexity is often 

circumscribed by limiting the place where the issue is being dealt with. What is required is an 

extended dialogue that leads students step by step to the relevant learning outcome. That 

extended dialogue however cannot in practice always be supplied by face-to-face contact, or 

supplied at the right moment. Instead, our approach was to provide guidance to pre-session 

preparation by specifying recommended textbooks and reading topics. Reading to no 

identified purpose can be ineffective: students need help in identifying the key content, which 

should ideally be the content that is directed to the solution of the PBL problem. In pure PBL 

this would be provided through an exegesis of the learning issues with the help of the 

facilitator. To support this process we provided suggested questions to guide preparation for 

the discussion at the facilitated workshop sessions. For each module an extensive list of 

learning objectives was compiled for students to refer to if they wished. 

Finally, we consider the well-explored question of expert or non-expert facilitator (Schmidt 

and Moust, 1995). Initially, in setting up the programme, we either used staff as facilitators 

who were knowledgeable about the PBL process but did not generally in the discipline 

subject matter or available and (mostly) willing postgraduates with relevant discipline 

knowledge who usually had little experience of PBL beyond a basic training. Neither of these 

approaches turned out to be satisfactory. Students master the PBL process quite rapidly but 

need expert guidance in the discipline knowledge. Facilitators need to get to know their 

students and build a rapport with them in order to provide help with subject knowledge in a 

useful way, supporting the students’ research without doing all the work for them. We 

therefore moved to a system of dedicated team of teaching fellows, each of which had either 

completed or undertook a PG Cert in Academic Practise in Higher Education (UK 

qualification for teaching in higher education). We settled on two facilitation sessions per 

week, one of two hours and one lasting one hour, using the floating facilitator model (Duch et 

al., 2001) in which the facilitator rotates between groups during the sessions. 

 

METHOD  

Each module is assessed by four individual submissions of answers to set exercises, one or 

more pieces of group work and an examination (which counts for 35% of the total module 

mark). The effect of scaffolding was examined by comparing pre and post- scaffolding 

module marks. 

We analysed the module results by comparing the change in grades for those students who 

experience the change in teaching between years one and two (the 2009-2010 cohort, number 

of students N = 13) in comparison with a group for whom years 1 and 2 were taught in the 

same way. Because the classes are small, we used for the comparison group both the 2008-

2009 cohort (N = 9) and the 2010-2011 cohort (N = 16), both of which experienced no 

change in teaching between years 1 and 2. 

Student focus groups were conducted to provide qualitative data.  
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RESULTS 

Analysis of the changes in module grades between years one and two for students who had 

experienced the introduction of scaffolding between years 1 and 2 (the 2009-2010 cohort,) 

compared to those who experienced no which experienced no change in teaching between 

years 1 and 2 (2008-2009 and 2010-2011 cohorts) were calculated. The cumulative 

distributions for the difference between the year averages of the students on their core 

modules are shown in figure 1. The distinction between the probability functions is apparent 

and indeed the Kolmogorov-Smirnov test is marginally significant (P = 0.087), which is 

probably as much as we could expect with such small data sets. The conclusion is that the 

interventions were effective in raising the performance of the students. Although the small 

numbers make definitive conclusions difficult, there is no significant difference in the gains 

between years 1 and 2 for the 2008-2009 and 2010-2011 cohorts. The higher average marks 

for the latter cohort (57.4% and 58.0% in years 1 and 2 versus 52.1% and 51.0%) could result 

from the positive effect of scaffolding or could be a cohort effect.  

External evaluations of the programme have provided us with a range of qualitative data to 

assess the changes, although one must caution that all of our data is based on small numbers 

of students. 

[Action on feedback] has included changes to the facilitation arrangements, 

specifically the change from a broad group to a more limited set of continuing 

facilitators, partly at least in response to concerns about the variability of facilitation 

styles.  The view [amongst students] was that the new approach will lead to … a 

stronger sense of how to support [students] in the PBL process (Unpublished Report 

by the Centre for Recording Achievement, 29/07/2010) 

Both quantitative data and the external qualitative data suggests that the interventions had a 

positive effect, but they do not tell us which aspects of the changes were the most important. 

To try to determine this we held several focus groups with the 2009-2010 cohort. 

On the introduction of pre-session preparation, we found that students sourced their own 

reading materials, based on similar titles, rather than relying solely on the specific texts in the 

reading lists. They also found the suggested discussion questions useful for focussing their 

reading. Students also made use of the ‘Intended Learning Outcomes’ as a revision checklist. 

On the introduction of feedback sessions for weekly question sets, students liked the sessions 

but would like all questions covered not just the major difficulties.  

However, our conclusion from the focus groups was that the major impact was the use of 

teaching fellows. Students had more confidence in the teaching fellows’ knowledge base and 

ability to effectively run the sessions: 

“There's been a change since the first year where the PhD students that were there 

were just there to make sure we'd do the work rather than assisting and facilitating, 

whereas now they'll prompt you towards an answer if you're not quite getting it.” 

“I think facilitation sessions are great... They are a very good way of 'Here's the sort 

of knowledge you have so discuss it as a group' and we have a facilitator who can 

help you steer the conversation in the right direction…” 

Interestingly this aligns with the finding of Gibbs (2011) on the effect of extensive use of 

graduate students and ancillary casual teachers on student engagement in the US. 
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Figure 1. Cumulative distributions for average gains between years 1 and 2 for core modules 

for the 2008-2009 and 2010-2011 cohorts (solid line) and the 2009-2010 cohort (dashed line).  

The differences are significant at P = 0.087.  

 

CONCLUSIONS 

The PBL approach does not work for every student: not all students engage, in particular 

students who maximise their social activities during term and their studies during vacation 

(Edmonds, 2008). We use an interview to select students for the programme in order to 

discourage students who feel unwilling to commit to the PBL approach.   

Our students are generally positive about the changes in scaffolding. These may seem to 

some to violate the principles of pure PBL, but we have found them appropriate to an 

interdisciplinary programme in pure science. Students report that they particularly like the 

class feedback sessions on submitted work and the use of dedicated teaching fellows in the 

delivery of the programme.  

While it does not distinguish between the effect of employing highly qualified teaching staff 

and the guidance provided by the detailed documentation (provided by such teachers), our 

quantitative data suggests that the changes in scaffolding were effective.  
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EFFECTS OF TEACHER INTERVENTION ON 

LEARNING PROCESSES OF PRIMARY SCHOOL 

STUDENTS IN PHYSICS  

 

Andreas Trautmann¹ and Alexander Kauertz¹ 

¹ University of Koblenz-Landau, Germany 

 

Abstract: In science education a typical learning aim is to solve problems by applying 

methods of scientific inquiry. Experimental learning environments that follow the idea 

of self-regulated learning have high potential to reach this aim. We developed an 

experimental environment for German primary school students (8 to 10 years) which 

consists of 16 learning tasks on the physical content “flying” with the aim to initiate a 

self-regulated scientific problem solving process. From a moderat-constructivistic 

view the teacher should scaffold students learning in such a learning environment. 

Therefore the teacher must know how intervention affects a student’s learning 

process. This video-study investigates what kind of teacher intervention helps to 

establish a reasonable structure in the scientific problem solving process that is 

necessary for successful learning. Consequently, this study analyzes how the structure 

of a learning process changes after a teacher intervention. Learning sequences of 

students and teacher interventions are videotaped and two sets of video-categories and 

a paper-pencil test are applied. First results of the video-analysis indicate students’ 

problems finding explanations for their hypothesis and controlling a variable. 

Keywords: scientific problem-solving, experimental learning environment, video-

analysis, teacher intervention 

 

SUBJECT 

This study focuses on the effects of teacher intervention on the learning processes of 

3
rd

 and 4
th

 grade students in an experimental learning environment. An experimental 

learning environment with 16 experimental tasks on the topic “flying” was created for 

students in 3
rd

 and 4
th

 grade. This experimental environment is slightly pre-structured 

and the students work in a scientific problem solving process. Each task defines a 

research problem adequate for the primary school students and provides some basic 

information and materials to conduct small and partially hands-on experiments. 

Consequently, the students need to structure their work whilst doing experimental 

work and communicating with each other to find an appropriate solution for the 

problem. The teacher is asked to support students if necessary. 

In science education a typical learning aim is to solve problems by using methods of 

scientific inquiry (Klahr, 2000; Lederman et al., 2012). This method of scientific 

problem-solving contains four aspects: “perceiving or clarifying the problem”, 

“hypothesizing”, “planning and conducting a scientific experiment”, and “using 

results for testing the hypothesis” (c.f Klahr, 2000; Hammann, Phan & Bayrhuber, 

2007). Each of these aspects has to occur in a successful process to foster problem-

solving abilities (Oser & Baeriswyl, 2001). Each aspect is operationalized by more 

detailed process elements (see table 1). Depending on their previous knowledge and 

abilities students are challenged differently by working systematically and 

strategically on poorly structured tasks (de Jong & van Joolingen, 1998). Possible 
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problems are caused by the need to set aims, plan, monitor, and evaluate, which 

require meta-cognitive activities (Wirth, Thillmann, Künsting et al., 2008). As a 

result, elements of scientific problem-solving are lacking if the students fail in 

applying these meta-cognitive acitivities. 

 

Table 1 

Aspects and elements of the scientific problem-solving process (c.f. Heine, Trautmann 

& Kauertz, in print) 

Scientific aspects  Elements of the scientific problem-solving process 

Problem perception 1 Perceiving problem 

Search hypothesis space 

 

2 Activating previous knowledge 

3 Making explanation based on elements of real context 

4 Finding analogies 

5 Making explanation based on elements of laboratory context 

6 Generating hypothesis 

Test hypothesis 7 Varying independent variable 

8 Controlling a variable 

9 Collecting Data 

 

Evaluate evidence 

10 Analyzing data 

11 Concluding in laboratory context 

12 Concluding in real context 

 

This experimental learning environment allows for many options to start and work on 

the task. Consequently self-regulation is necessary for effective learning (Weinert, 

1982). Therefore, the students have to decide which aspects of the problem solving 

process they should attempt to apply (or none of them). The sequence of the aspects 

we call the structure of their learning process with the aim of problem solving. Few 

similar suggestions for appropriate structures could be found in literature (Oser & 

Baeriswyl, 2001; Klahr, 2000). Oser and Beariswyl (2001) provide an overview of 

several studies demonstrating that an appropriate structure is necessary for successful 

learning processes. 

Students often have problems in working systematically and strategically on such 

unstructured tasks (de Jong & van Joolingen, 1998). The problems are caused by the 

need to set aims, plan, monitor, and evaluate which require metacognitive activities 

(Wirth, Thillmann, Künsting et al., 2008). Therefore students will benefit from 

teacher scaffolding in order to apply metacognitive strategies (Simons & Klein, 2006). 

The specific needs of a student for support depend on his capability and his learning 

situation (Simons & Klein, 2006). 

Teacher support can be defined as the interaction between teacher and student aiming 

to achieve successful learning processes (Seidel, 2011). Teacher intervention includes 

organizational support, evaluating the students’ learning progress, providing feedback 

on students’ work, and giving hints and explanations (Krammer, Reusser & Pauli, 
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2010). In addition to the availability, the support also must be adapted to the needs of 

the learner (Littleton & Häkkinen, 1999). 

As shown above, students could face difficulties applying elements of scientific 

problem-solving  depending on their knowledge and abilities in science during their 

work on the tasks. Teachers need to address these difficulties in their support. Hence, 

the research questions are: 

1. Which elements of the problem solving process are difficult for students? 

2. Which kind of teacher intervention is helpful for students to overcome their 

difficulties in a scientific problem solving process?  

 

DESIGN AND METHODS 

To measure the variables a test and two sets of video-categories were developed and 

tested.  

The main study started in December 2011. Test and video-categories are jointly used 

on a sample of 8 to 10 year old students from 48 courses in primary school to answer 

the research question. The students work in pairs in the experimental learning 

environment for six lessons (t = 270 minutes in total). Four pairs of students of each 

class are videotaped (Nvideos = 192, Nstudents = 384). Videos of the learning process are 

taken from two lessons (fourth and fifth lesson in the unit).  

 

Instruments 

Test for students' knowledge and abilities 

To measure the variables ‘previous knowledge and abilities’ and ‘growth of 

knowledge and abilities’ a paper-pencil-test for students is developed according to 

similar tests for German schools (Hammann et al., 2007 and Hardy, Kleickmann, 

Koerber et al., 2010). The test assesses students’ previous knowledge and abilities 

about the physical content of the tasks (flying of airplanes, balloons and rockets) and 

their abilities to identify and name research questions, hypotheses, experiments and 

conclusions to given descriptions of experimental settings. It is also used to measure 

the growth of knowledge and abilities after working on the complete unit in the 

learning environment. 

The test for students’ knowledge and abilities (Trautmann & Kauertz, 2013) contains 

22 single select items. Data is gathered in a pre-study from N = 210 students from 

grade three and four (age: 8-10) in primary schools. The data is analyzed by means of 

the dichotomous Rasch model. All items show a sufficient item fit (.9 < MNSQ < 1.1, 

T < 2). The reliability is acceptable ( = .78). The mean item difficulty fits the mean 

of person’s parameters. The validity of the test is investigated by using a correlation 

matrix including a mathematics test (Roick, Gölitz & Hasselhorn, 2004), a literacy 

test (Küspert & Schneider, 1998) and an additional physics test (Fischer, Möller, 

Ewerhardy et al., 2009). The partial correlations are shown in table 2. 
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Table 2 

Test for knowledge and abilities: correlation matrix (** p < .01) 

 other physics test mathematics test literacy test 

Test for students’ 

knowledge and 

abilities 

.345** .250** .123 

Controlled 

variables: 

mathematics test 

score; 

literacy test score 

other physics test 

score; 

literacy test score 

other physics test 

score; 

mathematics test 

score 

 

Video-categories for analyzing the teacher intervention 

A set of video-categories with three different variables (as shown in figure 1) is 

developed to measure and to specify interactions of the teacher with the students.  

In a first step the videos are encoded with variable 1. In a second step only the time 

frames where the category “process or content” is assigned are encoded with variable 

2 and 3. 

 

Figure 1. Video categories "Teacher intervention" 

Variable 1 consists of three categories. The category “Organisation” describes 

interactions of teachers and students only referring on organizational matters for 

example when a teacher provides the material for an experiment. The category 

“Evaluation” describes a teacher’s activities to evaluate a student’s knowledge or 

understanding of a task. The category “Process or subject matter” describes all 

interactions referring on the problem solving process of students or subject matters. 

Variable 2 differs between interactions with the focus on student’s problem solving 

process and interactions with the focus on subject matters. Variable 3 differs between 

cognitive activating interactions where the teacher activates students to think on and 

transmissive interactions where the teacher directly gives information or instruction to 

the students.  

At this time the development and the pilot study of these categories is work in 

progress. 
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Video-categories for analyzing the completeness of the problem-solving 

process 

A set of five video-facets with 24 categories is developed to investigate the structure 

of the learning process. The main category consists of process elements of the 

scientific problem solving process based on the structure of the scientific problem 

solving (Oser & Baeriswyl, 2001; Klahr 2000) (as shown in table 1). In addition to the 

main facet, the four attendant facets ‘asking for help’, ‘organization’, ‘off-task’ and 

‘misc’ are used to incorporate most of students’ activities. 

The aim of the video-analysis is to analyze and to rate student learning processes. 

Therefore videos are analyzed by coding intervals of 5 seconds with the categories 

showed above. The pilot study showed acceptable intercoder-agreements 

(.75 ≤ к ≤ .81) gathering the scientific problem-solving process (Heine et al., in print). 

For the analysis of the completeness of the learning process this data needs to be 

edited. For each video it is encoded if a scientific process element is occurring or not. 

If a process element is occurring anytime in a video it is encoded with “1” and if it 

isn’t occurring it is encoded with “0”. The more process elements are occurring in a 

video the more complete is the problem solving process. Hence, the number of 

process elements in one video can be used to measure the completeness of a problem 

solving process. 

On the other hand this can be used to analyze the difficulty of a process element. If a 

process element is occurring in almost none of the videos this element seems to be 

difficult for students. Therefore item difficulty parameters are calculated by using 

Rasch analysis.  

 

ANALYSIS AND FINDINGS 

First results of the Rasch analysis show an acceptable item fit (.7 < Infit < 1.1) of the 

process elements except for the process elements „perceiving problem“ and 

„collecting data”. Therefore they are excluded from further analyzes. The item 

parameters give hints for difficulties of students in the problem solving problems (c.f. 

figure 2): 

If the item parameter is lower this element seems to be easier for students to apply and 

if the item parameter is higher it seems to be more difficult. For example, generating a 

hypothesis is very easy, because most of the students do generate a hypothesis. 
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Figure 2. Item parameters of process elements 

 

SUMMARY AND OUTLOOK 

Until now all data is collected. The test for students’ knowledge and abilities is piloted 

and analyzed. The video categories for analyzing the teacher intervention need to be 

evaluated. After that all videos need to be analyzed with these categories. The pilot 

study for the video-categories for analyzing the completeness of the problem-solving 

process is done and all the videos are analyzed with these categories. Answering the 

first research question it seems to be difficult for students to give explanations for the 

hypothesis and to control a variable. These preliminary findings need to be validated 

as a next step. 

With this data correlations between the variables of teacher intervention and the 

completeness of the problem-solving processes can be calculated to investigate how 

different kinds of teacher intervention affect problem solving processes. In a second 

step it is analyzed whether this correlation depends on the previous knowledge of the 

students. Therefore the sample is divided in a group with higher previous knowledge 

and a group with lower previous knowledge. The results of those analyses can be used 

to answer the second research question to show which kind of teacher intervention is 

helpful for students to overcome their difficulties in a scientific problem solving 

process. 
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Abstract: We examined the outcomes of students’ practice on problem solving in university 

electrochemistry. More specifically, we studied students’ diligence and engagement with the 

problems/exercises and a comparison was made according to the performance in the final 

examination of the students who participated in the exercises with those who did not. A total 

of six exercises (one at a time) were assigned to the students by the instructor during the 

course. Some of these were worked out in class by the students, while some other exercises 

were assigned as homework. 43 students participated in the exercises, of which 81.4% 

participated in 1-3 exercises, while only 7% participated in 6 exercises. From the students 

who participated in the exercises, the large majority (90.7%) participated in the exams, and 

about 2/3 (65.1%) of these succeeded in the June and the September exams. The 

corresponding figure for the students who did not participate in the exercises is 43.1%. 

Students who participated in the exercises in June achieved a higher average mark in relation 

to the students who did not participate in the exercises. On the other hand, in September, 

performance was about the same for both groups. Finally, over half of the students (54.5%) 

with ‘High participation’ in the exercises (3 or more exercises) were successful in the final 

examination, while in the case of the Low participation’ group (1-2 exercises) the pass figure 

was lower (40.0%). A change in course organization and in teaching methods employed in 

university departments, as well as changes in the way the students themselves deal with their 

courses are essential in order that such interventions have more positive results.   

 

Keywords: physical chemistry education, electrochemistry, problem solving in 

electrochemistry, tertiary chemistry education, instructional methodology 

 

INTRODUCTION 

Electrochemistry (EC) constitutes a traditional part of physical chemistry and one or more 

electrochemistry chapters feature in most physical chemistry texts. It is also introduced in 

high-school and first-year general and analytical chemistry courses. In their review chapter on 

the teaching and learning of EC, De Jong and Treagust (2002) consider that “electrochemistry 

is ranked by teachers and students as one of the most difficult curriculum domains taught and 

learnt in secondary school chemistry” (p. 317). Educational research has shown that many of 

the problems associated with the learning and teaching of EC are caused at earlier stages of 

education; for instance, a good knowledge of redox reactions is a prerequisite for the study of 

EC, but this topic presents its own difficulties (de Jong, Acampo, & Verdonk, 1995); in 

addition, the concept of transfer of electrons appears difficult to students to understand, 

looking like transport of electrons, a familiar concept from prior physics lessons. Tsaparlis 

(2007) has also reviewed educational research on teaching and learning EC.  
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RATIONALE AND PURPOSE 

Problem solving is an important and integral part of physical chemistry in addition to the 

concepts, principles and methods. Many problems in science can be solved by the following 

of well-defined and well-practiced by the students procedures called algorithms, and thus 

becoming routine exercises (Bodner, 1989, 2003; Bodner & Herron, 2002). Exercises are 

distinguished from (“real”) problems that require that the solver must be able to use what 

have been termed as higher order cognitive skills (HOCS) (Zoller, 1993; Zoller & Tsaparlis, 

1997). 

In the case of equilibrium EC, a large variety of problems are of the algorithmic type, based 

on the use of values of standard electrode potentials, and the application of the Nernst 

equation to redox reactions and electrochemical cells. It is necessary therefore to give students 

extensive practice, so that to turn problems into exercises.  Note that while the mathematics 

that are necessary for dealing with EC problems require only the ability to use straightforward 

algebraic operations and calculations, these problems prove hard for many students. It follows 

that the difficulties are mainly conceptual.   

The present study aimed at dealing more systematically with the difficulties chemistry 

students encounter with EC, within the context of a university  physical chemistry course, 

which was taught in the 4
th

 semester. This course, in addition to EC, included the study of 

topics of chemical kinetics (CK) (the rates of simple and complicated reactions). The EC part 

of the course included ionic and electrode EC; ionic EC involved the study of ion-solvent and 

of ion-ion interactions, while electrode EC contained both equilibrium and dynamic EC.  A 

great emphasis was placed on dealing with equilibrium EC problems, and notably with the 

application of the Nernst equation. The study was carried out in the academic year 2008-09.  

One distinct feature of Greek university education is that attending lectures is not compulsory, 

and as a result many students do not attend lectures, studying only from books. There are no 

prerequisite courses, while students can sit an exam as many times as it is necessary to pass 

the course. Our research questions were: 

1.  to find if providing students individualized help with dealing with EC problems 

during the course contributed to better achievement in the final exams; 

2.  to examine the effect of student diligence and engagement with the exercises on their 

achievement.  

 

METHOD 

A total of six exercises (one at a time) were assigned to the students by the instructor during 

the course. Some of these were worked out in class by the students, during the lessons, under 

the guidance of the instructor. Some other exercises were assigned as homework. All papers 

were checked and returned to the students so that to provide feedback to them. The student 

data (names and number of exercises attended by each student) were registered, and 

complemented by the data of student participation in the June and the September final 

examinations. The June exam is the normal end-of-semester exam, while the September is a 

resit. Both final exams had the same format, as follows: they wrre written, of the closed-book 

type, and each consisted  of ten open questions, six dealing with EC and four with CK. The 

contribution of each part of the course was 60% for EC and 40% for CK. The duration of each 

exam was three hours and 30 minutes (including the solution to the total problem – see 

below).   
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Table 1 

Student participation per number of exercises 

Number of 

exercises 

Frequency 

 

Percentage 

(%) 

 

Additive frequency 

(%) 

1 22 51.2 51,2 

2 4 9.3 60.5 

3 9 20.9 81.4 

4 2 4.7 86.0 

5 3 7.0 93.0 

6 3 7.0 100.0 

Total 43 100.0  

 

 

Table 2 

Data about the history of the students in the course and their participation in the exercises 

 
 

History 
 

Total 

Second-year Third-year ‘Older’ 
 

Participated in the 

exercises 

# students 42 0 1 43 

% 97.7% 0.0% 2.3% 100.0% 

Did not Participate in 

the exercises 

# students 0 57 52 109 

% 0.0% 52.3% 47.7% 100.0% 

 

Total 

# students 42 57 53 152 

% 27.6% 37.5% 34.9% 100.0% 

 

In total 43 students participated in the exercises that were assigned during the course. Table 1 

gives data of student participation per number of exercises. 81.4% of these students 

participated in 1-3 exercise, while only 7% participated in six exercises.  

Table 2 gives the data about the history of the students in the course and their participation in 

the exercises. It is remarkable that 97.7% of the students who participated in the exercises 

were ‘new’ students who attended the course for the first time (that is, second-year students of 

the 2008-09 academic year). On the other hand, from the total of 152 students who 

participated in the June and September exams, 27.6% were ‘New’ (second-year students), 

37.5% were third-year students, and 34.9% were ‘older’, that is, fourth- and order-year 

students.  

 

RESULTS 

Α. Study of the students who had participated in the in-course exercises 

Thirty nine (39) out of the 43 (90.7%) students who participated in the exercises took part in 

the June exams, while 4 (9.3%) did not take part.  From the 39 who took part in the June 

exam, 24 (61.5% of the 39 students or 55.8% of the 43 students) were successful in the exam. 

From the remaining 39-24 = 15 students who failed and the 4 who did not participate in the 

June exam, 4 (9.3% of the 43 students) succeeded in the September exam, 3 failed (7%), 

while 12 (27.9%) did not take part in the September exam. The large abstention from the 

September exam was difficult to explain without further study. It might be attributed to 
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disappointment of the students due to their failure in the June exam (despite any effort they 

had made), or it was coincidental, due possibly to different priorities with respect to their 

exams schedule. Summing the June and the September exams, 28 out of the 43 students who 

participated in the exercises succeeded (65.1%).   

B. Study of the students who had NOT participated in the in-course exercises 

Regarding the students who did not participate in the exercises, for the students who 

participated in both the June and the September exams, we count them only once, thus 

arriving at a sample of 109 students. From these, only 28 (25.7%) succeeded in June, and 19 

(17.4%) succeeded in September. In total, 47 out of 109 (43.1%) succeeded. In conclusion, 

we must compare the figures 65.1% and 43.1% that correspond to the successful students who 

did and did not participate in the exercises. Taking into account that the students who 

participated in the exercises were mostly those who attended the lectures, we could attribute 

this difference to a combination of diligence (attentiveness to the course) and engagement 

with the exercises.    

Studying further the students who did not participate in the exercisess but participated in the 

exams, from a total of 96 students (this figure results by substracting from the 109 students  

the 13 students who had not participated in the June exam, but participated in the September 

exam), only 28 students (29.2%) succeeded in the June exam. On the other hand, from a total 

of 46 students (this figure results by substracting from the 109 students the 63 students who 

did not participate in the September exam, but had participated in the June exams), 24 

students (52.2%) succeeded in the September exam.  

Table 3 provides detailed achievement data for all students who participated in the exercises, 

while Table 4 gives the corresponding data for the students who did not participate in the 

exercises. From these two tables, it follows that students who participated in the exercises in 

June achieved a higher average mark in EC, in CK, and in the total mark, in relation to the 

students who did not participate in the exercises. On the other hand, in September, 

performance was about the same for both groups and in all cases. It is also remarkable that 

those who had not participated in the exercises but participated in the September exam 

achieved a higher mean mark with respect to those who participated in the June exam. This 

should be attributed to the fact that many students used the summer break for preparing better 

for the September exam. On the other hand, it is evident that the positive effect of attending 

the lectures and participating in the exercises had appeared in the Jun exam, but was 

exhausted (did not show) in the September exam. Finally, no essential differences are noted 

between EC and CK (for the reduced to 10 marks).  

 

Statistical comparisons 

For the case of the June exam, we found statistical sugnificant differences in favor of the 

students who participated in the exercises in EC (mean marks 3.83/10 versus 2.58/10, t = 

3,307, a = 0.002), in CK (3.83/10 versus 2.45/10, t = 2.851, a = 0.005), and in the total mark 

of the exam (3.83/10 versus 2.53/10, t = 3.462, a = 0.002).  

Grouping of students on the basis of their extent of participation in the exercises 

We divided the students who participated in the exercises into two groups: the ‘High 

participation’ group (H) (3 or more exercises, n = 22), and the ‘Low participation group’ (L) 

(1-2 exercises, n = 40). (Here the 19 students who participated both in June and in September 

count twice:  43 + 19 = 62.) In group H, 54.5% of students were successful, 18.2% failed, and 

27.3% abstained. The corresponding figures for group L are: 40.0%, 35.0% and 25.0%. 
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Table 3 

Data for the June (n = 39) and the September (n = 7) exams for the students who participated 

in the exercises 

  

Electrochemistry 

(max=6) 

Kinetics 

(max=4) 

Total mark 

(max=10) 

Number of answers 
June 

September 

39 

7 

39 

7 

39 

7 

Mean mark 
June 

September 

2.30 (3.83)* 

2.41 (4.02)* 

1.53 (3.83)* 

1.46 (3.65)* 

3.83 

3.87 

Standard deviation 
June 

September 

1.21 (2.02)* 

1.38 (2.30)* 

1.11(2.78)* 

0.62 (1.55)* 

2.02 

1.76 

Maximum mark 
June 

September 
4.60 (7.67)* 

4.30 (7.17)* 

3.70 (9.25)* 

2.40 (6.00)* 

7.70 

5.75 

Minimum mark 
June 

September 
0.05 (0.08)* 

0.35 (0.58)* 

0.00 (0.00)* 

0.70 (1.75)* 

0.00 

1.05 

*The numbers within brackets have been reduced to a maximum of 10, so that the electrochemistry 

and kinetics marks be comparable 

 

Table 4 

Data for the June (n = 96) and the September (n = 46) exams for the students  

who did not participate in the exercises 

  

Electrochemistry 

(max=6) 

Kinetics 

(max=4) 

Total mark 

(max=10) 

Number of answers 
June 

September 

96 

46 

96 

46 

96 

46 

Mean mark 
June 

September 

1.55 (2.58)* 

2.40 (4.00)* 

0.98 (2.45)* 

1.51 (3.78)* 

2.53 

3.83 

Standard deviation 
June 

September 

1.19 (1.98)* 

0.89 (1.48)* 

0.98 (2.45)* 

0.81 (2.03  )* 

1.96 

1.25 

Maximum mark 
June 

September 
4.50 (7.50)* 

4.60 (7.67)* 

3.50 (8.75)* 

4.00 (10.00)* 

7.90 

6.55 

Minimum mark 
June 

September 
0.00 (0.00)* 

0.00 (0.00)* 

0.00 (0.00)* 

0.00 (0.00)* 

0.00 

0.00 

*The numbers within brackets have been reduced to a maximum of 10, so that the electrochemistry 

and kinetics marks be comparable 

 

CONCLUSIONS AND IMPLICATIONS 

1. With the exception of one student, all participating in the exercises students were 

‘new’ second-year students. 

2. Participation in the exercises was varying, with 51.2% of the students having 

participated in only one exercise. 

3. From the students who participated in the exercises (independent of the number of 

exercises), the large majority (90.7%) participated in the exams. 
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4. A large part of students did not treat the exams systematically, even if they had made 

an effort during the semester by attending lectures and participating in the exams. 

5. From the students who participated in the exercises, about 2/3 (65.1%) succeeded in 

the June and the September exams. The corresponding figure for the students who did 

not participate in the exercises is 43.1%.  

6. Students who participated in the exercises in June achieved a higher average mark in 

electrochemistry, in chemical kinetics and in the total mark, in relation to the students 

who did not participate in the exercises. No essential differences between 

electrochemistry and chemical kinetics were noted.  

7. Statistically significant were the differences in electrochemistry, in chemical kinetics, 

and in the total mark of the June exam, in favor of the students who participated in the 

exercises  

8. Over half of the students (54.5%) with ‘High participation’ in the exercises (3 or more 

exercises) were successful in the final examination, while in the case of the Low 

participation’ group (1-2 exercises) the pass figure was lower (40.0%).  

The most serious problem of the study was the small number of students who participated in 

the exercises, and their varying participation. The overall conclusion is then that there is need 

for an overall change of the organization and operation of teaching in Greek universities. 

Students’ attendance of the lessons must be regular if not compulsory. Projects and exercises 

should be assigned by all instructors. Finally, there must be a radical change not only in the 

organization of the courses, as well as in teaching methodology, but also in the approach 

students adopt in dealing within their studies.   
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Abstract: Science education is a very important part of culture as a knowledge background 

of society. However, student interest in science education is decreasing. This negative 

situation has many causes and factors, but according to researches, a very important factor 

is the way of teaching in schools, which is for students uninteresting and unrelated with the 

problems of everyday life. Hence it is necessary to look for innovative educational 

methods to increase interest and motivation of students. The paper presents new 

motivational strategy - the combination of family science education and inquiry-based 

science education. Design-based research, questionnaires, observations, interviews and 

action research were applied as core research methods. Family science education is an 

innovative educational method in science suitable for gifted and ungifted children and 

adults. Family science education is defined as expanding science knowledge and skills 

from the school setting to home. According to our findings, family science education has 

got a strong motivational effect. Inquiry-based science education is an approach to 

teaching/learning which helps students put materials into a meaningful context, develops 

critical thinking and supports positive attitudes toward science. Inquiry-based science 

education has a strong motivational effect which comes from intrinsic motivation. The 

combination of family science education and inquiry-based science education has got a 

very strong motivational effect. We are presenting findings of our research which confirm 

this statement. 

Keywords: family science education, inquiry-based science education, motivation, simple 

experiments 

 

INTRODUCTION 

Science education is a very important part of culture as a knowledge background of society 

(European Commission, 2004; OECD, 2006). However, there has been a decrease in the 

interest of students in science education in the past decades, (Sjøberg & Schreiner, 2005). 

This negative situation has many causes and factors, but according to researches, a very 

important factor is the way of teaching in schools, which is for students uninteresting and 

unrelated with the problems of everyday life. Hence it is necessary to look for innovative 

educational methods to increase interest and motivation of students (Rocard et al, 2007).  

Science education goes through changes in the Czech Republic similarly to the Europe and 

the USA (Osborne & Dillon, 2008). The reason of these changes is the fact that education 

is even more crucial today, in the face of economic, environmental, and social challenges. 

It is necessary to prepare today's children for their adult roles as citizens, employees, 

managers, parents, and entrepreneurs. Therefore educators transform their opinions of the 

importance of acquired skills and knowledge. This new approach includes not only 
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expertise and specific skills, but also knowledge and skills essential for successful 

everyday and professional life and it is sometimes referred to as "learning for life and 

work." Classic skills acquired in instruction are enhanced by new ones, called "twenty-first 

century skills". These skills include mainly critical thinking, problem solving, cooperation, 

effective communication and self-education (Pellegrino & Hilton, 2012).    

An important factor of science education is student´s family. It is widely recognised and 

presented in literature that if students are to maximise their potential from schooling they 

will need the full support of their parents (Desforges & Abouchaar, 2003; Harris & 

Goodall, 2008). Attempts to enhance parental involvement in education occupy 

governments, administrators, educators and parents’ organisations in many countries 

especially across North America, Australia, Asia, and Europe.  

Parental involvement in education can take many forms including good parenting in the 

home, including the provision of a secure and stable environment, intellectual stimulation, 

parent-child discussion, good models of constructive social and educational values and 

high aspirations relating to personal fulfilment and good citizenship; contact with schools 

to share information; participation in school events and work of the school; and 

participation in school governance (Harris & Goodall, 2008).  The European Commission 

(2004), for example, holds that the degree of parental participation is a significant indicator 

of the quality of schooling. The research also found that while parents, teachers and 

students tend to agree that parental engagement is a ‘good thing’, they also hold very 

different views about the purpose of engaging parents. It is also clear that there is a major 

difference between involving parents in schooling and engaging parents in learning. While 

involving parents in school activities has an important social and community function, it is 

only the engagement of parents in learning in the home that is most likely to result in a 

positive difference to learning outcomes (Harris & Goodall, 2008).  

We aim especially at the engagement of parents in learning in the home but we add a new 

dimension, parents can educate themselves through their child’s education. This parental 

engagement in children's learning enables the transfer of new knowledge and skills from 

schools to families. This informal adult education can contribute to their lifelong learning 

and also affect their relationship to science. People often refuse things they do not 

understand. (Duschl et al, 2007; Osborne & Dillon, 2008; Rocard et al, 2007).  

  

RATIONALE 

Family science education (hereinafter FSE) in the above mentioned concept is an 

innovative educational method in science suitable for gifted and ungifted children and 

adults. FSE is defined as expanding science knowledge and skills from the school setting 

to home. We found two very important roles of family education: lifelong education and 

motivation for science. At the present time, science education is becoming lifelong 

education. The reason is a rapidly growing number of new applications and expanding 

knowledge in science. Science knowledge gained in schools does not satisfy the necessities 

of a human lifetime anymore. It could be solved by the transfer of knowledge and skills 
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from the school setting to families. FSE could become a significant and effective part of 

parents’ and grandparents’ lifelong education.  

A crucial problem of contemporary science education is how to motivate students. Hence it 

is not possible to omit social and achievement motivation that are formed in the social and 

family environment (Bransford, 2000). Lack of student interest in science may be caused 

by negative family attitudes to science. FSE could change this attitude of family and 

consequently students. Students who do FSE at home have the potential to inspire their 

siblings, parents and grandparents. 

Inquiry based science education (hereinafter IBSE) is an approach to teaching/learning 

which engages students in the investigative nature of science, helps students put materials 

into a meaningful context, develops critical thinking and supports positive attitudes toward 

science (Kyle, 1985; Rakow, 1986). IBSE has a strong motivational effect which comes 

from intrinsic motivation. Traditional instruction is usually based on the satisfaction of 

being rewarded - extrinsic motivation (Duschl et al, 2007; Osborne & Dillon, 2008; Rocard 

et al, 2007).  

IBSE can help to create a stimulating environment for students with different scholastic 

aptitudes and reduce ability grouping at schools. Ability grouping is a very common 

education policy, used in most countries at some stage of the educational process. While 

the concentration of students with similar socio-demographic background is widely 

considered undesirable, many systems deliberately favour the concentration of students 

with similar levels of ability in schools and classrooms. These arguments have a common 

goal of creating some degree of academic homogeneity within classrooms or schools. 

Some researchers argue that such grouping practices are necessary to adapt curricula and 

teaching practices to the specific needs of students with different levels of ability, 

providing instruction at the optimal level and pace of each achievement group (Slavin, 

1987; Lou et al., 1996). This education policy is used for segregation of gifted students for 

example. But findings of studying the structure of peer effects (Hoxby & Weingarth, 2005) 

support integration of students with different levels of ability. They have found that a 

higher achieving peer is better for a student's own achievement all else being equal, but 

that high achievers do appear to benefit from interacting with peers a bit below them. So 

all students can develop and benefit from group cooperation during IBSE.  

Both educational methods FSE and IBSE have got motivational effects. According to 

motivational theories the combination of motivational methods during teaching/learning 

processes leads to increasing motivation. We implemented research of these motivational 

effects and we defined features of SFE and IBSE which lead to successful implementation 

into education.  

 

METHODS 

The combination of FSE and IBSE initiated our research objectives: science motivation of 

students and their family, lifelong education and common elements of FSE and IBSE. 
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Our research questions/problems are: 

(1) What opinions do students have about motivational effects of FSE and IBSE? 

(2) Do FSE and IBSE have effectiveness for lifelong education of parents? 

(3) Is it possible to combine IBSE and FSE to upgrade the motivational effect?  

 

Sufficient methods/tools for our three research objectives were: 

(1) Questionnaire (for students) 

(2) Questionnaires, observations, interviews (for parents)  

(3) Comparison, design-based research, action research 

The above research methods were used to answer our research questions. Design-based 

research (Reeves, 2006) was applied as a basic research method. Its core is orientation to 

the creation of a new product which brings about problems solving that so far have been 

only solved partially and the relevant tools and methods are only in their infantry. Design 

approach has been applied in a whole range of areas during the processes of creation and 

practical application. Design approach to solve problems is interdisciplinary and 

integrative. The advantage of the design-based research is its systematic interconnection 

with practical use. The basic principle of the design-based research on the contrary is the 

close cooperation between experts and teachers, which is a prerequisite of a suitable 

selection of examined issues and consequent use of the outputs of the research in practise.  

 

RESULTS 

We looked for the answer to our first research question “What opinions do students have 

about motivational effect of FSE and IBSE?” in students´ questionnaires. We applied FSE 

and IBSE in their science instruction. Subsequently, we presented our questionnaires to 

them and now we are introducing the partial results. 

Our questionnaire (2006/2008/2009) was distributed to 100 students (aged 11 and 14) in 

the Czech Republic (Trnova & Trna, 2009). We are presenting an example of the most 

significant items in our questionnaire:  

Question No. 1:  Was it motivating for you to realize school activities with your family? 

We are presenting a part of the questionnaire results (Table 1):  
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Table 1  

Student motivation in implementing FSE and IBSE. 

Question No. 

1 

Very 

motivating 

% 

Motivating 

 

% 

Fairly 

Motivating 

% 

Somewhat 

Demotivating 

% 

Very 

Demotivating 

% 

Students 

Aged 11 

(2006) 

17 63 16 4 0 

Students 

Aged 11 

(2009) 

15 64 18 3 0 

Students 

Aged 14 

(2008) 

13 65 17 5 0 

 

Our research has shown that implementing FSE and IBSE was motivating to some extent 

for almost all students and hence it can increase student motivation. We verified this 

motivational effect on students of different ages using various topics.  

The second research question “Do FSE and IBSE have effectiveness for lifelong education 

of parents?” made us research the opinions of parents, who answered the questionnaire. 

First we used FSE and IBSE in instruction. We used the measurement of flat feet as the 

educational content of FSE and IBSE. The researches were carried out twice (in 2006 and 

2009). One hundred students in the fourth grade in primary science lessons were taught 

how to measure flat feet. Students had no homework to measure flat feet. Nevertheless, 

many students spontaneously applied the measurement of flat feet to their parents and 

siblings. A questionnaire was distributed to the parents of the students two weeks later. 

The parents were asked to answer questions concerning the measurement of flat feet (Trna 

& Trnova, 2010). The findings are presented in Table 2. 
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Table 2  

The effectiveness of FSE and IBSE for lifelong education. 

  Percentage of 

answers: YES 

(2006) 

Percentage of 

answers: YES 

(2009) 

Number of 

received 

questionnaires 

(2006/2009) 

1 Do you know a simple 

method of measuring flat 

feet? 

 

68 

 

65 

 

75/80 

2 Did you receive this method 

from your children? 

 

60 

 

62 

 

75/80 

3 Have you measured your 

foot using this method? 

 

24 

 

30 

 

75/80 

4 Have you found latent flat 

feet in your family? 

 

4 

 

5 

 

75/80 

 

The results surprised us a lot. The research has shown that FSE and IBSE are a very 

effective means for lifelong education of parents. 

According to experts, the combination of motivational methods leads to increasing 

motivation. But it is not possible to combine any motivational methods with this effect. We 

are trying to answer our third research question “Is it possible to combine IBSE and FSE to 

upgrade motivational effects?”  

Using design based research, action research and comparing FSE and IBSE we have come 

to features that have an amplified motivational effect. We discovered examples of these 

features: 

 Implementation of experiments 

 Everyday life and safe living as an appropriate content  

 Emphasis on learners´ activity 

 Scenario 

 Inquiry 

 Support of family 

We have developed and verified specific examples of motivational combination of FSE 

and IBSE. On the basis of design-based research and action research we have also 

determined appropriate topics. According to our findings they are: 

 Health and healthcare 

 The environment and its protection 

 Safety 
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 Energy and energy saving 

 Nutrition and food composition 

 Household care (detergents, etc.) 

 Transportation 

The research results verify the effectiveness of FSE and IBSE for lifelong education. We 

carried out next research with different students (aged 14 years) and different educational 

content (tooth care etc). The results again confirmed our findings about educational and 

motivational effectiveness of FSE and IBSE. According to our researches, observations 

and interviews the combination of FSE and IBSE is the effective strategy for lifelong 

education.  

 

DISCUSSION AND CONCLUSION 

According to findings of our research the combination FSE and IBSE has a potential to 

become a strong educational and motivational teaching/learning strategy for all students 

and their families. It could be a significant and effective part of parents’ and grandparents’ 

lifelong education as a by-product of formal school science education. Parental 

involvement in science education can interact to increase the motivation of students to 

study science because the negative impact of the family on the selection of their children´s 

science studies is eliminated or at least reduced. What is also important is the possibility of 

individual development of students with different abilities, especially gifted students. 

However, it requires additional research and especially implementation of our results into 

pre-service and notably in-service science teacher training.  
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Abstract: Meiosis is a topic recognized as difficult to learn and challenging to teach. Different 

strategies have been proposed for its teaching; many of them apply to graphic materials, such 

as PowerPoint® presentations. Researchers have developed methodologies to gain knowledge 

into the concept of pedagogical content knowledge (PCK), i.e. the Loughran et al (2004) 

Content Representation and Pedagogical and Professional experiences Repertoires (CoRe and 

PaP-eRs). This study aimed to apply a specifically constructed rubric to University professors´ 

PowerPoint® presentations as complementary tool to assess their PCK on meiosis. The study 

took place a Cell Biology course in the Veterinary College, University of La Plata, Argentina. 

The analytical rubric consisted of five dimensions (content, organization, information, graphic 

aspects, and textual aspects). Exemplary, proficient, acceptable, and unacceptable levels were 

established for the assessment. Two professors of the mentioned course kindly provided their 

presentations. The assessment by the rubric focused on the Content dimension and rendered a 

similar exemplary qualification for both slide show presentations. Two descriptors –depth of 

content and data and/or examples inclusion- provided evidence of two components of PCK: the 

knowledge of the students’ understanding of specific science topics and knowledge of 

instructional strategies which comprises knowledge of subject-specific strategies. We argued 

the effectiveness and value of the analytical rubric as an assessment tool relied in its 

complementary character to other highly recognized survey instruments as the ReCo and PaP-

eRs. Further assessment by those instruments has been planned to fully describe these 

professors’ PCK on meiosis. While extending our work to diverse topics PowerPoint
®
 

presentations from different educational levels, and looking forward to validate it, we offer in 

consideration the use of the rubric as a complementary instrument to assess PCK.  

Keywords: meiosis, pedagogical content knowledge, analytical rubric, assessment, 

PowerPoint® presentation  

 

INTRODUCTION  

Meiosis is a specialized type of cell division that takes place during the formation of gametes 

whereby diploid organisms reduce their chromosome number in half to generate haploid 

progeny cells (Villeneuve & Hillers, 2001). It has been recognized as a topic that is both 

challenging to learn (Flores, Tovar, and Gallegos, 2003, Başer, 2007, Infante-Malachias, Mello 

Padilha, Weller, and Santos, 2010) and to teach (Knippels, Arend, & Kerst, 2005, Topçu & 

Şahin-Pekmez, 2009). Different strategies have been proposed to teach this topic, i.e. 

computer-based activities (Tsui & Treagust, 2013), the yo-yo teaching strategy (Topçu & 

Şahin-Pekmez), role-playing (Chinnici, Yue, and Torres, 2004), and chromosomal modeling 

(Luo, 2012); their common feature is the use of visualizations, among many those supported on 

PowerPoint® slide shows.  
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Pedagogical content knowledge (PCK) as proposed originally by Shulman (1986) includes “the 

most powerful analogies, illustrations, examples, explanations, and demonstrations-in a word, 

the ways of representing and formulating the subject that makes it comprehensible for others” 

(1986, p.9). PCK has been interpreted by several scholars in many ways addressing different 

features of it. Magnusson, Krajcik, and Borko (1999) conceptualize PCK as consisting of five 

components: (a) orientations toward science teaching, (b) knowledge and beliefs about the 

science curriculum, (c) knowledge and beliefs about students’ understanding of specific science 

topics, (d) knowledge and beliefs about of assessment in science, and (e) knowledge and beliefs 

about instructional strategies for teaching science. Additionally, survey researchers have 

developed an array of methodologies and techniques to gain knowledge into this construct e.g. 

paper and pencil assessments such as questionnaires, concept maps, drawings, and also 

interviews and classrooms observations (Baxter & Lederman, 1999, Dikmenli, 2010, Loughran 

et al, 2004).  

Our research team has successfully employed the Loughran, Mulhall, and Berry (2004) Content 

Representation and Pedagogical and Professional experiences Repertoires (CoRe and PaP-eRs, 

respectively) to assess the PCK of pre-service and in-service secondary teachers on meiosis 

(González, Lorenz, and Rossi, 2008, 2009, Rossi, González, and Lorenzo, 2009, González, 

Cesini, Lorenzo, and Rossi, 2012). In a related line of work, Solari, Lorenzo, and Rossi (2011) 

developed a rubric to document Biology student-teachers’ PCK development on an Earth 

Science topic. Rubrics are widely employed as effective assessment tools in science teaching 

(Allen &Tanner, 2006), and Solari et al.’s work innovates for it is applied to evaluate a 

PowerPoint
®
 presentation set as an assignment for the students-teachers with a double purpose: 

assessment of PCK and the design of an instructional artifact.  

Accordingly, the research questions guiding this work were: (1) could an analytical rubric for 

PowerPoint
® 

presentations be a potential complementary instrument to assess teachers’ PCK 

on meiosis? (2) What PCK content can be identified by the analytical rubric?  

 

METHODOLOGY  

Context of the study 

The study took place in the Veterinary College, University of La Plata, Argentina. The slides 

were used in a 1.5 hour large class Cell Biology mandatory course for first year students. 

Meiosis is a topic included in the course curriculum that is focused on cytological aspects and 

presented to the students in a teaching sequence after dealing with basic genetic mechanisms -

DNA replication, transcription, protein synthesis, DNA recombination and DNA repair-, cell-

cycle and cell division by mitosis. Mendelian genetics are covered in a separate second year 

course.  

Development of the rubric 

The development of the rubric has been described elsewhere (Solari et al., 2011). Briefly, an 

analytical type of rubric was preferred over a holistic rubric for assessment was intended to (1) 

examine several different characteristics of the PowerPoint® slide show and (2) also to provide 

a whole evaluation; thus selecting an analytic scoring rubric did not eliminate the possibility of 

a holistic perspective (Mertler, 2001, Moskal, 2000).  

The analytical rubric comprised the following dimensions and indicators: Content (indicators: 

core conceptualizations
1
, relations between core conceptualizations, logical sequencing, data 

and/or examples inclusion, transition between concepts), Organization (indicators: 
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introduction-body-conclusion format, transition between slides, and internal coherence), 

Information (indicators: quantity, quality, and pertinence of data), Graphic aspects (indicators: 

quality, quantity, relevance and creative use of photographs, graphics and tables), and Textual 

aspects (indicators: grammar and spelling, terminology, quality and extent of texts and titles). 

Four levels were established for the assessment: exemplary, proficient, acceptable, and 

unacceptable. Each indicator was assigned 3, 2, 1 or 0 points, respectively.  

Assessment of PCK by the rubric  

The assessment of the two sets of PowerPoint slides were performed independently by NG and 

MJS, and latter discussed so that scorings were consensual. As results showed exact same 

scores for all dimensions under analysis with the exception of Content, the present work 

focused on this dimension. Rubric can be requested to authors by e-mail.  

Participants 

Two professors at the Veterinary College, University of La Plata, Argentina participated in the 

study. Claire (pseudonym) is a 38 year-old Professor. She graduated as a Veterinary Medical 

Doctor. She has had very little formal teaching training. Victoria (pseudonym) is a 46 year-old 

professor. She graduated as a biology teacher and holds a Master degree in Science Education. 

Both professors have taught the Cell Biology course since 2006 and kindly provided their slide 

presentations to the authors.  

 

RESULTS  

Descriptive overview  

Claire’s presentation consisted in 27 slides, including a first title slide. Briefly, her sequence of 

subtopics were: general overview of the meiosis, previous knowledge needed to understand the 

topic (haploid – diploid cells, structure of the chromosomes, alleles in homologues 

chromosomes, stages of meiosis, prophase I, remaining stages of meiosis I, main features of 

meiosis II, genetic consequences of meiosis, plumulate chromosomes, mitosis-meiosis 

comparison and a list of Internet sources (1, 3, 2, 10, 1, 2, 4, and 3 slides, respectively).  

Claire employed mostly a combination of images and text (48.15% of the slides), and another 

combination of title+images+text (25.90%) (Fig. 1). 

Victoria’s presentation included a first title slide within a total of 18 slides. Her sequence of 

subtopics was: place of meiosis in sexual reproduction, main features of meiosis and explicit 

mention of meiosis as a source of genetic diversity, general overview of meiosis stages, 

prophase I, remaining stages of meiosis I, comparison anaphase I and II, remaining stages of 

meiosis II, meiosis in plants, and mitosis-meiosis comparison (1, 3, 1, 6, 1, 2, 1, 1, and 1 slide, 

respectively).  

Victoria employed mostly a combination of images and text (33.33%), and slides containing 

only textual material (22.22%) (Fig. 2). 
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Figure 1. One of Claire’s slides employing a title+images+text combination.  

 

 

 

Figure 2. One of Victoria’s slides employing an image+text combination.  

 

Assessment by the rubric  

As shown in Table 1, Claire’s presentation scored 18/18 points and Victoria’s scored 15/18 

points for the content dimension.  
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Table 1 

Assessment results on the PowerPoint® presentations for the content dimension.  

Indicator Claire’s presentation Victoria’s presentation 

Presence of core content 3 points 3 points 

Logical sequencing 3 points 3 points 

Connection between concepts 3 points 3 points 

Transition between concepts 3 points 3 points 

Depth of content 3 points 2 points 

Data and/or example inclusion 3 points 1 point 

Total score  18 points 15 points 

Qualification  Exemplary Exemplary 

 

All core contents were present in both set of slides; subtopics were logically sequenced but 

each professor elaborated a qualitative different subtopic sequence. Connection and transition 

between concepts were achieved in both presentations by means of similar precise links.  

Claire’s slides received a higher score on depth of content due to the remarks on previous 

knowledge students need and the explicit connections between meiosis and genetic diversity 

also providing attractive examples related to domestic animals. Victoria’s presentation lacked 

those remarks while its links to genetic diversity were much less explicit.  

Both presentations received an exemplary qualification.  

 

DISCUSSION AND CONCLUSIONS 

Assessment by the rubric focused on the content dimension rendered a similar exemplary 

qualification for each slide presentation. We were fully aware of concerns about the use of the 

PowerPoint
®
 presentations for during the last decade extensive controversies related to their 

pedagogic value use as a lecture tool have come up (González, 2010, Roehling Trent-Brown, 

2011). We chose this instructional aid due to its widespread utilization by university teachers as 

a standard practice in lectures and also for its availability for researchers. In fact, slides 

provided a window to teachers’ action in the classroom together with a base to reveal the 

subtopics sequence our two professors actually developed in class or, at least planned to.  

Regarding our first research question the analytical rubric used was previously employed in the 

assessment of PowerPoint slides about a science topic –soil- elaborated by students-teachers. In 

this study, it was applied to a different topic slide show produced by University professors. The 

rubric provided pre-established performance criteria to make intelligible some aspects of the 

PCK components from the Magnusson and co-workers’ theoretical framework adopted in this 

study. We argued the effectiveness and value of the analytical rubric as an assessment tool 

relied in its complementary character to other highly recognized survey instruments as the 

ReCo and PaP-eRs.  

In view of the results and to answer our second research question, a provisional description of 

both professors’ PCK on meiosis can be advanced. The depth of content descriptor of the 

analytical rubric rendered outcomes related to our professors’ knowledge about the third 

component of Magnusson’s et al (2004) PCK conceptualization; that is the knowledge of the 
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students’ understanding of specific science topics. This knowledge includes two categories: (1) 

the requirements for learning specific scientific concepts e.g. in meiosis, the understanding of 

homologues chromosomes doubling, pairing and separating, and (2) the areas of student 

difficulty e.g., the complex terminology of the meiotic division. Both aspects were considered 

to be acknowledged in those Claire’s slides in which the header read “let´s recall”, and also in 

the mnemonic she presented the students to remember the stages of prophase I. The data 

and/or example inclusion indicator equally provided information to elucidate the fifth 

component of Magnusson and co-workers’ PCK conceptualization: knowledge of instructional 

strategies which comprises knowledge of subject-specific strategies, and knowledge of topic-

specific strategies. Claire’s slides reflected aspects of this knowledge as the representations 

selected to illustrate one of the consequences of meiosis i.e. genetic diversity (Fig. 1) were 

simultaneously engaging examples related to pets and a link to a second year course. Although 

the slides were used as visual resource for a lecture, the most traditional instructional and 

widespread teaching strategy in universities, this feature could be valued as an attempt to 

innovate, a step forward and beyond the mere disciplinary presentation of contents to students. 

On the other hand, tough Victoria´s slides included elements contributing to scoring for those 

indicators, they were considered as not clearly defined as in Claire’s presentation.  

As stated above, the analytical rubric was developed as a complementary assessment tool so a 

prima facie characterization of our two Professors’ PCK based on our results would be clearly 

premature and incomplete. Further assessment by CoRe and PaP-ers has been planned to fully 

document and portray these professors’ PCK on meiosis addressing particularly their 

orientations toward science teaching, knowledge about the science curriculum, and knowledge 

and beliefs about of assessment in science which were not specifically dealt with in the 

assessment performed by the rubric. It will also allow to cross-check the findings of the present 

study.  

The research team has continued the work by applying the rubric to PowerPoint
®
 presentations 

of diverse topics made by teachers of different educational levels. Looking forward to validate 

it, we offer in consideration the use of the analytical rubric as a complementary instrument to 

CoRe and Pap-eRs. 

 

NOTES  
1
 Core contents were identified by a previous inquiry with expert colleagues. 
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HOW DOES A TEACHER’S ACTION ENABLE OR NOT 

STUDENTS TO ADOPT SCIENTIFIC WAYS OF 

ACQUIRING KNOWLEDGE? 
 

Yann Lhoste and Patricia Schneeberger 

E3D/LACES (EA 4140), ESPE d’Aquitaine, Univ. Bordeaux, France  

Abstract: Our project is consistent with research based on the work of Lebas (2005, 2007) 

and Ouitre (2011), which try to understand how teachers manage different professional 

problems. To clarify the specific professional acts involved in the work of teaching, we 

used the ergonomists’ methodological procedure (self-confrontation, crossed self-

confrontation). Our research aims at highlighting the conditions that allow students to start 

assimilating scientific culture and building knowledge. Previous studies have shown the 

decisive role of the students’ problem building in the construction of biological knowledge. 

Our purpose is to identify which teachers’ actions promote the construction of a scientific 

problem and which ones delay it. Our research data were collected in different primary 

school classes during sessions including moments of debate in biology lessons. We 

analyzed the transcripts of the video recordings and we selected episodes on which we 

want to work with teachers for defining the conditions of possibility of relevant actions. To 

illustrate our work, we present one of our studies in which we analyzed the specific actions 

of two teachers who had implemented a similar session. Both sessions took place in two 

classes of CM2 (level 5, 10 year-old pupils).  We identified differences between the two 

teachers facing the conflict between encouraging problem building involving everybody in 

the debate. 

Keywords: science education, scientific debate, teacher’s activity 

 

INTRODUCTION 

In our research, we give an important role to the question of pupil’s acculturation to 

science and to the specific actions the teacher implements to help learners to achieve the 

process of acculturation successfully in the classroom (Driver et al., 1994). We try to 

understand how pupils could be acquainted to the ideas and practices of the scientific 

community, particularly those involved in the process of problem building (Bachelard, 

1938). In this study, we focus our analysis on students’ problem building in order to 

identify which teacher’s actions are relevant to facilitate the construction of a scientific 

problem by the pupils so as to engage them in a process of acculturation to science. 

 

THEORETICAL FRAMEWORK 

Our theoretical framework has two aspects, respectively for science learning and teachers’ 

activity. The first aspect (science learning) is based on two approaches: the rationalist 

tradition of science education and the socio-historical approach of learning. 

The second aspect is related to the identification of the specific professional acts involved 

in the work of teaching. We used in particular ergonomists’ methodological procedure 

(particularly self-confrontation) to understand how different teachers manage a similar 

professional situation (Clot & Faita, 2000).  

Our work is also based on the model of the teachers’ activity proposed by Le Bas (2007).  
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With reference to Lebas, we distinguish three problems. These professional problems arise 

from the interaction of the didactic system poles taken in pairs. 

Professional problem number 1: The teacher must ensure that the collective activities of 

the class serve learning activity for each student.  

Professional problem number 2: The teacher must ensure that the formal dimensions of 

knowledge as defined in the school curricula are not privileged. The functional dimension 

of knowledge based on its epistemological and cultural relevance must be taken into 

account with respects of what every student can learn effectively. 

Professional problem number 3: The teacher is faced with managing a tension between 

learning process and learning product. In managing this tension, the teacher should not 

focus on the teaching procedures. He must consider the mental operations necessary for 

student to learn. When the student is active, his actions are not enough to enable learning 

(distinction between activity or action and involvement of students). 

This model describes the teaching activity as a system articulating these three professional 

problems. We believe that the teachers’ actions are not isolated but can be understood with 

reference to this system. 

 

KEY OBJECTIVES AND METHODOLOGY 

In this present study, we propose to try to understand what organizes the teachers’ activity 

in connection with the objective of scientific acculturation. Our research data were 

collected in different classes during sessions including moments of debate in biology 

lessons. We analyzed the transcripts of the video recordings and we selected episodes in 

which the teacher is faced with managing a professional problem. The selected episodes 

are then compared to show how teachers manage similar problems during a session. For 

illustrating our work, we present one of our studies in which we analyzed the specific 

actions of two teachers who had implemented a similar session on nutrition. This example 

allows understanding how we select the episodes from the video of the sessions. 

 

A PRIORI ANALYSIS  

 

 
Figure 1.A priori analysis 
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Problems and obstacles 

On the topic of nutrition, we can identify two categories of recurrent problems that arise in 

different forms and different formulations according to educational levels: 

The first problems concern the issues of absorption and of distribution: foods or nutrients 

have to leave, one way or another, the digestive tract to reach different parts of the body. 

Many pupils think that the digestive tract is like a sealed pipe, through which nothing can 

pass. This idea is an obstacle to understand the absorption of nutrients (Clément, 1991). 

The second ones concern the problem of assimilation: how can living beings produce their 

own material from what they gather from the surroundings? (Lhoste & Peterfalvi, 2009). 

The main obstacle is in connection with the transformation of food with its specific nature 

into a nonspecific one. Many pupils think that the transformation of food that occurred in 

the digestive tract is only mechanical: it becomes smaller and smaller. 

Pupils’ work on obstacles 

The pupils had to complete a drawing (Fig. 1) and indicate the connection between the 

physical development of a rabbit and the food it eats. Then a debate took place, using the 

comparisons of the posters produced by the working groups. The proposed situation 

potentially contains the problem of distribution because the drawing shows the distance 

between the digestive tract and the organs which grow.  

The teacher’s prompts 

During the debate, the teacher can use the potential aid of the initial situation to lead 

students into the construction of the previously identified problems. The way he or she 

leads the debate plays a fundamental role in achieving this goal. 

For example, by pointing to the space (on the drawing) between the muscles and the 

intestines, the teacher can encourage students to consider the idea of transport (of 

nutriments) from an organ to another one, initiating the construction of the problem of 

distribution. 

 

COMPARATIVE ANALYSIS OF THE DEBATES 

Thanks to the transcript of the video, we analyzed the specific actions of two teachers, an 

inexperienced teacher and an experienced one. Both sessions took place in two classes of 

CM2 (level 5, 10 year-old pupils). 

Our previous work 

We identified differences between the two teachers when faced with the conflict of 

encouraging problem building and involving everybody in the debate. Sometimes, their 

actions can support each other, while at other times, they can be antagonistic. We 

highlighted two didactical phenomena that we called convergence time and divergence 

time (Lhoste, Schneeberger & Peterfalvi, 2012). 

During the phases of convergence, the teacher’s actions engage students in a process of 

problem construction involved in science acculturation, whereas during the phases of 

divergence, the teacher’s actions obey to other purposes 

We focused on these two kinds of episodes in order to interpret the difference between the 

two teachers. For instance, we tried to explain why times of divergence are (three times) 

more frequent with the experienced teacher. 
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We made new analyzes considering how the teacher tries to get out of a dilemma: take all 

students into account and / or build the problem. 

A conflict between two concerns 

We have identified episodes in which the teacher tries to involve the whole class in the 

process of problem building. According to the model of Le Bas, this assumes that the 

teacher is able to manage two professional problems at the same time: problem 3 (building 

the problem with students) and problem 1 (working with the whole class). 

During these moments, the teacher slows down the process of problem building but 

involves a larger number of students. In each sequence, we found such times and we tried 

to characterize the professional actions the teacher used to manage the conflict between 

two concerns that seem difficult to reconcile. Here are some examples: 

- Accept regressions in the formulation of the problem; 

- Make sure everyone understands the terms used; 

- Ask some students to rephrase the formulation of the problem;  

- Give the voice to students who speak little or to those who find it difficult to understand 

what is at stake. 

 

TEACHERS’ INTERVIEWS 

Self confrontation method 

This method is used by ergonomists (Clot, Leplat) who aim to understand and act up on 

situations and working conditions in order to improve them. Self-confrontation consists in 

confronting a person with his or her own practice by means of an artifact, usually a video, 

and encouraging him or her to comment on it, in the presence of an interlocutor. 

We used this method to get a better definition of the professional gestures (or acts) 

observed during teaching sessions through information brought by the teachers themselves.  

An example of times of convergence 

During the self-confrontation interview, the novice teacher explained that she was highly 

concentrated during the debate in order to get all the elements from the pupils’ productions 

that could contribute to the gradual construction of the scientific problem: "After that, in 

my interventions/ what I said / I mostly used what was happening during the debate / 

before the debate, I defined the purpose of the debate / but not necessarily / I had not 

prepared sentences or things like that / I tried to build on what they had built or what they 

told me". 

The teacher’s speech confirms our assumptions about what she emphasizes, and explains 

the high frequency of times of convergence : "I built on some of the students’ productions 

whenever I saw an important idea I should try to highlight. My priority was to use what 

they said to bring out things". 

For the experienced teacher, times of convergence happened in the second part of the 

debate when the class focused on the items noted down during the first part of the debate. 

"Here I delved further into the issue. We referred to what was written before. So we started 

back from to what had already been said. This was the second debate. And there we asked 

more questions, in order to be more specific, to learn more about the functioning". 

Strand 3 Science teaching processes

641



In the first part of the discussion, he accounted for the low number of occurrences of 

convergence by explaining his main objective was to encourage all students to express 

their own ideas about nutrition. "If you interrupt some students who are shy them, you risk 

pulling the rug out from under their feet. For example Aloise spoke, she did not really want 

to talk / not bad / she speaks”. He also said he seized the opportunity to take notes of the 

most significant ideas that would be taken over during the second part of the debate. I 

think I encouraged everyone to verbalize and I gradually wrote down all their ideas and 

then we came back to these ideas to give more technical explanations". 

 

DISCUSSION 

Now we can compare the way the two teachers interact with their pupils during a scientifc 

debate. The novice teacher built the teaching-learning scenario and heavily relied on it. Her 

educational project offered a didactic analysis of nutrition. In her preparatory documents, 

she clarified how she planned to present to her students the situations she prepared. 

However, she did not plan interventions to support the student’s work on the obstacles at 

that stage. She has not built professional gestures in connection with the work on obstacles. 

During the time of interaction with the students, she would have been able mobilize them, 

so she had to build them in situ. 

We found a strong influence of the management of professional problem number 2 that 

had an impact on the management of problem number 3. Indeed, we could identify many 

times of convergence reflecting the centering of the teacher on the progress of the problem 

building process in the class group. 

The impact on the management of the problem number 1 was more tenuous. It limited 

itself to the involvement of all students in the proposed activities, without ensuring that 

each student was invested in the problem building process. It was what we have pointed 

out, given by the low number of gestures of sharing identified in the debate led by this 

novice teacher.  

In order to prepare the organization of the debate, the experienced teacher had both the 

educational project built by the novice teacher and her own preparatory documents. 

However, the self-confrontation session showed that the experienced teacher was not 

focused, during this sequence, on the construction of scientific problems to build, 

identified by the novice teacher (he just referred to the different steps of the digestion 

process). Professional problem number 2 is not prevalent in the experienced teacher’s mind 

(probably because of his conception of knowledge). We believe that this may explain the 

large number of times of divergence during the first part of the debate.  

The self-confrontation interview allowed us to highlight the logic of the teacher’s actions: 

- First, he ensures that all students can express their ideas about nutrition; 

- Then, the debate is more focused on the structuring of knowledge starting from the ideas 

expressed in the first part of the debate. 

Professional problem number 1 organizes the teacher’s interventions in connection with 

the initial situation (how the rabbit grows up eating grass), more or less well-defined since 

professional problem number 2 is not fully supported. In the second part of the debate, the 

project moves on to a description of the digestion process, strongly controlled by the 

teacher to complete the session within the allotted time. 
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Concerning professional problem number 3, we can say that in a first time, the 

participation of all students in the scientific debate seems to be a priority for the 

experienced teacher. And to ensure the students engage in the activity in progress, he uses 

different means: encourage students to speak, ask them about the origin of their ideas.  

We interpret that as a confusion between the professional problems 1 and 3 as if being 

active were enough to enable learning (no distinction between activity or action and 

involvement of students). 

In the second part of the debate, the teacher selects from the students’ speech the relevant 

elements in relation to his conception of knowledge and asks the students to clarify them. 

He is focused on obtaining a text similar to the expected one.  

The production of this text prevails over the construction of scientific problems. We 

believe that this is his way of managing professional problem number 3 in connection with 

his conception of knowledge (and thus his way of managing professional problem number 

2). 

We can interpret it as a diversion from the teaching project built by the novice teacher. 

 

RESULTS 

We tried to represent these analyzes in the form of two schemas showing how two teachers 

manage the relationship between the three professional problems of our model (Fig. 2). 

We can consider that these two profiles illustrate two different professional styles, as 

defined by Clot and Faïta (2000). 

These figures reveal the relative importance given to the management of each professional 

problem and how these professional problems are coordinated and subordinated to each 

other. They give an overview of the relationships that organize the system modeling the 

organization of the teacher’s activity.  

 

 

Figure 2. How two teachers manage the relationship between the three professional 

problems. 

 

 

Strand 3 Science teaching processes

643



 

CONCLUSION 

This paper describes a methodology for analyzing the teachers’ activity by comparing two 

very contrasting examples. To explain the observed differences, we crossed analyzes 

focused on the management of a debate involving scientific problems. We identified 

significant times related to the construction of the problem and we confront them to a 

model involving three professional problems. All these analyses allowed us to characterize 

two professional styles from the comparison of two attempts to engage students in a 

scientific investigation. 

This study also shows the great importance of didactical analyzes in determining 

professional styles. Indeed, these differ in the management of problem number 2, which 

depends on the emphasis on the relationship between scientific knowledge and scientific 

problem. 

An extension of this research is to identify implications for teachers' training. Our study on 

the management of a system involving professional problems can bring tools to redefine 

the professional skills implemented by a teacher engaged in a project of an inquiry based 

science education. 
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Abstract: This paper focuses on the role of questions in science classrooms. The kind of 

questions are analyzed that guide inquiry activity in primary school science classrooms. For this 

purpose, classroom situations were analyzed using video recordings with trainee teachers. The 

samples were recordings related to the didactic proposals of five trainee teachers who were 

carrying out a teaching practice in state schools. A categorization of the type of questions was 

carried out according to the complexity of the cognitive demands (Kawalkar & Vijapurkar, 

2013). The classroom environment, (type of material used, the way of addressing the 

phenomena, as well as the organization of the pupils in the classroom) where the questions were 

asked, was also analyzed. The first results suggest that questions asked by teachers mainly 

promote logical reasoning more than an inquiring response in pupils. On a large number of 

occasions there is no consistent relationship between the hypothetical value of the question 

(from an inquiry point of view) and what really occurs in the classroom. In other words, the 

environment created is not useful for the classroom questions.  

Key words: questions, classroom environment, inquiry, primary.  

 

INTRODUCTION  

The need for a public scientific culture, based on active social participation, entails a didactic 

approach to science starting from the earliest learning stages (Duschl, Schweingruber & Shouse, 

2007). With this aim, inquiry shows itself to be a logical methodology option in the construction 

of knowledge, especially in sciences.  

The main goal of our study was to discover the trainee teachers’ degree of competence or skill in 

applying teaching through guided inquiry and identifying the difficulties that didactic 

transposition entails. For this reason classroom situations in which these teachers were 

videotaped and analyzed during their practicum.  

We consider the process of asking as the central axis of the inquiry process. So, interest was 

focused on classifying the types of questions asked in the classroom (mainly by trainee teacher 

because of the kind of lessons) during the development of a primary school class based on 

guided inquiry. Therefore, our main research questions were the following: What kinds of 

questions are asked by trainee teachers? And how does the classroom environment support the 

questions?  

 

THEORETICAL FRAMEWORK  

Raising questions is the main force in science (Chinn & Malhotra, 2002; Duschl & Grandy, 

2008; Schwarz & Gwekwerere, 2007).Picket, et al. (1994) state that the possible causes in the 

change of a theory are due to the raising of fundamental questions that enable the establishing, 
refining or broadening of the approach of the theory and/or its components. Questions should 

make pupils think in accordance with their previous knowledge and new questions should be 
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arised in their minds. On the other hand, the raising of an inquiring question also requires an 

environment that encourages students to raise new questions.  

Different authors (Jiménez-Aleixandre et al 2000; Izquierdo, 1999; Duschl, 1998) consider that 

school science should be differentiated from the science of scientists, with the main difference 

being the nature of the problems that arise in both fields. The scientists’ “problem” would be 

equivalent to an “issue” or a “question” for the pupil, in other words, a real doubt or an 

authentic problem. As shown in the model depicted in Figure1, in order for a question to be 

turned into an authentic problem, the interaction between thought and action must be initiated 

by the pupil. In this process the main channel for said interaction is language (Izquierdo, 2005).  

This idea supports our constructivist vision of the classroom, which understands questions as a 

catalyst to reach students the planned learning by exposing them to troubling situations 

(Izquierdo, Sanmartí Espinet & García, 1999; Sardà & Sanmartí, 2000; Jiménez-Aleixandre, 

2003).  

 

Figure 1. Interactive model for the construction of scientific knowledge in an inquiry process 

(modified from Izquierdo-Aymerich, 2005)  

 

Windschitl (2003) proposes guided inquiry as an education-learning situation in which teachers 

raise questions or set tasks for pupils in order to discuss and explore solutions. On the other 

hand, Chin (2007) considers questions an intermediary role in that pupils become producers and 

no consumers of knowledge in order to deal with the study of phenomena. The question should 

make learning easy based on the knowledge or the technique.  

To summarize we could say that the inquiring question proposed by the teacher is the beginning 

for a cognitive disturbance that enable pupils to raise a set of sub-questions when trying to give 

a reply, as outlined in Figure 1.The authors Kawalkar & Vijapurkar (2013) have proposed a way 

of studying the kind of questions that appear in inquiry contexts. These authors have established 

a system of categories defined by a set of sub-categories. The above mentioned system is 

constructed with a focus on the gradual level of the cognitive demands involved in the 

production of the response. From this point of view, a question used by an inquiry activity turns 
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into a key element, which makes the difference between problematic and non-problematic 

learning situations (Jiménez-Aleixandre, 1998).  

 

METHODS  

The methodology applied in the research was based on video analysis.   

Samples  

Five trainee teachers participated in this study. These trainee teachers carried out teaching 

practice in two state schools during their Practicum (1st and 3rd year) (Julian Nieto and 

Fernandez Vizarra Pre-Primary and Primary Education Schools). The data sources are four 

video recordings of these sessions. The contents that are involved were: “Mixtures and 

Solutions” and “Water Cycle and River Model”. In every class the recording was made by a 

video camera focused on the teacher. The participants were from the Faculty of Education of the 

University of Zaragoza. During their studies, trainee teachers completed school research 

activities and reflected on their implications for their professional development. The following 

table (table 1) summarizes the participants and topics analyzed.  

 

Table 1. 

Participants of the study and topics analyzed 

TraineeTeacher Time (minutes) Lesson Topic 

Trainee teacher 1 37.06 “Mixtures and solutions” 

Trainee teacher 2 59.48 “Water cycle and river model” 

Trainee teacher  3 41.48 “Water cycle and river model” 

Trainee teachers  4 & 5 43.55 “Water cycle and river model” 

 

Analysis of questions and answers 

Initially, the recordings were transcribed from video to text. Then, a macro and meso analysis 

was carried out using a system of categories, along with the help of Transana software, with the 

aim to obtain results related to the degree of development of inquiry in the classes (Aragüés, 

2012). For this reason, first of all, an initial classification of the types of questions, consisting of 

“closed”, “open” and “non-learning”, was carried out.  

To analyze the role questions, an analysis tool based on the degree of complexity of the 

cognitive demands of each question was created (modified from Kawalkar & Vijapurkar, 2013). 

Seven categories were used: exploring pre-requisites/setting the stage; generating ideas and 

explanations; probing further (initial pupil responses); refining concepts and explanations; 

guiding the entire class towards the scientific concepts; extending applicability; and others 

(Classroom management, e.g.: "Do you need a minute to think about it?").  

This analysis allows us to describe the didactic sequence in detail along with the demands of the 

questions that were asked during each activity.  
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Analysis of Answers  

Three categories model was created for every kind of question. The three categories/models are 

the following:  

R1: no answer.  

R2: answer, contribution with knowledge.  

R3: there is an answer, but it is not related to the knowledge construction.   

A response is considered in contribution to knowledge when the student an effective statement 

in relation to a concept, even if that statement is not acceptable from a scientific point of view. 

For example when the teacher raised the question: What kind of mixtures there are? A student 

exposes that “One that we can see and the other one that you can´t see “when a student refers to 

heterogeneous and homogeneous mixtures.  

The aim is to measure the degree of the relationship between what the question demands and the 

answer that generates in pupils, in other words, the aim is to know whether the question has 

enabled pupils to use knowledge in a practical way.  

Analysis of the classroom environment  

Finally, for the analysis of the classroom environment the following aspects have been taken 

into account: the type of material (experimental or text book), if it was used by the trainee 

teacher or by pupils, the nature of the phenomena (if it was observable in situ or was related to 

daily knowledge), and the organization of the pupils in the classroom (individual, class groups 

or workgroups).  

 

RESULTS  

Figure 2 shows an example of the type of results obtained. We can read the sequence of the kind 

of questions and answers originated during part of a session. 

 

Figure 2: Distribution of the appearance of questions and answers over time. Legend: Questions 

s Q1=1, Q2=2, Q3=3, Q4=4, Q5=5, Q6=6, Q7=9/ Responses: R1=1; R2=2; R3=3  

In general, most of the questions, which are set, are types 2 and 3 (Generating ideas and 

explanations and Probing further, respectively).We observe that questions belonging to types 5 

and 6 have a low frequency or are absent in some cases.  
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Our interpretation is that trainee teachers’ questions invite pupils to use their previous 

knowledge (type 2, 3 and 4 questions). However, trainee teachers seem to accept pupils' answers 

without any further questions (type 5 or 6 questions), which could help to fix the concept or 

enable the application of this new concept in another context. Trainee teachers seem to be more 

worried about the type of education (inquiry-based methodologies) than about learning.  

In addition, related graphics of classroom environment have been obtained. Figure 3 shows how 

depending on time the classroom environment changes; In this example, during the first five 

minutes of the recording, the whole class (Group-Class) works as a team discussing about a 

phenomena not directly observable in the classroom (Phen. Not. Obs). Then, students work in 

small groups (Small-Group) on an observable phenomenona (Phen. Obs) and how students use 

experimental material (Exp-Student). On the other hand, it was observed that in many times, the 

classroom environment did not usually support the questions which were raised by several 

trainee teachers. They raised questions with examples that were not present in the classroom 

instead of using the experimental material that students were using.  

 

 

 

 

 

 

 

 

Figure 3: Classroom environment presented during a session over time.  

For example an activity related to “Mixtures and solutions “was carried out. Below there is an 

extract of the transcription that exemplifies this interpretation.  

T-if you can´t see them what happened? For example the milk and the chocolate? 

S-It has dissolved 

T- It has dissolved and it´s called a solution OK, because it has dissolved. 

S- Resolution  

T-No, solution, come on! 

T- OK, so then we have two kinds: One that you can see, for example the black and the red 

balls. We can see where the black balls are and where the red ball is. Can´t we? 

S-Yes  

T- OK, and with the chocolate and the milk, for example we can´t see that Sara. The milk with 

chocolate finally dissolves and the milk changes colour. What colour? 

S- Light brown  

In this case, trainee teacher 1 uses a mixture of flour and water to explain the heterogeneous 

mixture and then introduces questions using external examples to the classroom (black and red 

balls and chocolate with milk), instead of using the current mixture to raise questions to 

students. Also, she did not explain the relationship between these examples with the mixture of 

flour and water.   

It was also observed how most of the questions were posed before pupils started experimenting, 
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instead of being asked when the experiment is taking place. Therefore, the experimental material 

used in practical classes seems to become useless artifacts for inquiry questions. The experiment 

is only used to show but not to facilitate knowledge construction (thinking, participating and 

communicating).We conclude, therefore, that the experimental material seems to be used as a 

demonstration rather than to suggest issues that could be discussed.  

 

DISSCUSION AND CONCLUSIONS  

The five trainee teachers set questions during the whole activity. The questions were set to the 

class as a whole, whereas the answers of the pupils were prepared individually, without any 

signs of work in small groups. The answers were communicated to the class as a whole. In 

general, the questions of the teachers were related to daily phenomena, encouraging pupils to 

check their previous knowledge about certain theoretical aspects.  

We can consider that a guide to the contribution to knowledge is justified because of the high 

frequency of questions type 2 and 3, and the lower frequency of type 4. However, hardly 

questions of type 5 and 6 cannot construct a wider model of knowledge, based on applicability 

in other context. The question set which involved a major cognitive demands, suggest us an 

obstacle for these trainee teachers to develop an inquiry context activity.   

The trainee teachers give examples of daily life but they are not able to facilitate questions so 

that students can transfer this constructed knowledge from classroom to those examples.  

The questions raised lead to students to think about the basic elements of each model (Mixtures 

and solutions, water cycle), but the teachers do not pose questions so that students can have the 

chance of make decisions or connect these contents to other contexts.  

In the cases in which the questions were set through experimentation (as the class material 

shows), it was not performed by pupils; it was the teacher who manipulated and directed the 

observations and interpretations. On the other hand, other questions about experiences were 

asked; in these cases, the questions facilitate a dialog inside the classroom where pupils were 

able to demonstrate their theoretical knowledge about the topic raised.  

In summary, in most of the classes in which experimental material was available it was used by 

teachers and not by pupils. Besides, it was also observed that in the questions related to complex 

large-scale models, ("Model of a river") only one aspect of the model is experimentally 

practiced (evaporation-condensation)giving more importance to discursive aspects. In 

conclusion we cannot state the teachers develop a practical inquiry activities if we observe the 

sequence of questions and so the constructed knowledge.  
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CAN THE PRINCIPLES OF TOPIC SPECIFIC PCK BE 
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Abstract: The construct of PCK has been in existence for nearly 30 years now and some 
consensus has begun to emerge as to its nature. At a recent summit on PCK held in Colorado, 
most participants agreed that PCK is topic specific and that although PCK could vary from 
teacher to teacher, essential topic specific PCK can be captured and portrayed. There is less 
agreement on methods to determine its quality. This study employed a model for topic specific 
PCK based on five components - Learners’ Prior Knowledge, Curriculum Saliency, What makes 
a topic easy or difficult to understand, Representations and Conceptual Teaching Strategies. The 
study used mixed methods to investigate whether teaching pre-service teachers to elucidate PCK 
in one topic could be applied to a second topic. Sixteen pre-service teachers were exposed to an 
intervention aimed at improving their PCK of the topic chemical equilibrium. At the end of the 
intervention they produced Content representations (CoRes) and lesson plans on the topic used 
during the intervention as a major assessment task. At the end of the academic year they 
prepared an examination task where they carried out a similar exercise on a topic of their choice 
which they had taught during their teaching experience. The quality of topic specific PCK was 
scored for both tasks using a validated rubric and the scores compared using Rasch analysis. The 
tasks were also analysed qualitatively. The analysis showed that the students were able to use the 
general approach taught to them for chemical equilibrium and display PCK in the topic taught. 
The study demonstrates that focus on a single topic in a methodology course will enable transfer 
to another topic provided the teachers have the pre requisite content knowledge. 

Keywords: PCK, chemistry, pre-service teacher education 

INTRODUCTION 
Pre-service teacher education has undergone many changes in the past 30 years. Controversies 
exist about many aspects of the programme but one of the most contentious issues is the mode of 
delivery of the content and its methodology. Between the science content and methodology lies 
the students’ pedagogical content knowledge (PCK) which refers to their ability to transform 
content knowledge for teaching. The term PCK was first introduced by Shulman (1986), though 
the concept has been in existence far longer (Mavhunga, in press). PCK is regarded as tacit 
knowledge gained in practice (Kind, 2009) and thus difficult to pass on to others. Most 
importantly, it is topic specific (Mavhunga & Rollnick, 2013) and thus needs to be learnt for 
every topic taught.  

This study was conducted on the back of an earlier intervention (Mavhunga and Rollnick, 2013) 
which showed that it was possible to improve pre-service teachers’ topic specific PCK in 
chemical equilibrium through a six week intervention. A critique of this approach was that it is 
not possible in a normal pre-service programme to devote six weeks’ instruction to each topic to 
be taught in a curriculum. This study made use of further data gathered from the intervention to 
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investigate the possibility of transferring the knowledge gained in the intervention to a second 
topic in physical science. 

BACKGROUND 
Much has been done in the 25 years since Shulman first introduced the idea of pedagogical 
content knowledge. A look at the literature suggests that despite an enthusiastic uptake of 
Shulman’s ideas, there have been as many models of PCK as there are researchers. In two recent 
reviews by Abell (2007) and Kind (2009), both researchers attest to the multiplicity of 
representations and terminology in the area and agree that thinking about PCK has yet to unify 
into a single paradigm. Despite this lack of agreement amongst researchers, PCK remains a 
useful construct and in Abell’s and Kind’s view is an invaluable theoretical framework for 
understanding teachers’ knowledge. Since these reviews, a summit convened in October 2012 in 
Colorado has produced consensus definitions and a model for both personal and canonical PCK 
and the relationship between knowledge and practice (http://pcksummit.bscs.org/ ). Much 
research has also been devoted to capturing and portraying PCK using CoRes and PaP-ers 
(Loughran, Berry, & Mulhall, 2006), but fewer attempts have been made in science education to 
assess its quality. Part of the problem in this regard is the lack of agreement that still exists over 
what exactly is being assessed. In our view, the value of PCK for improving the quality of 
teaching lies in its topic specific nature. 

Different models of PCK are employed in the studies cited above but our interest is 
predominantly in topic specific PCK (TSPCK). To this end we have developed the construct of 
TSPCK (Mavhunga & Rollnick, 2013) which is related to Ball et al.’s specialised content 
knowledge for teaching (Ball, Thames, & Phelps, 2008). Hence we regard TSPCK as the 
understanding that provides the needed knowledge for transformation of content knowledge in a 
particular topic.  When a specific topic is thought through, certain topic specific components of 
PCK are considered. We identify these as (i) Learners’ Prior Knowledge, (ii) Curriculum 
Saliency (deciding what is important for teaching and sequencing), (iii) What makes topic easy 
or difficult to understand, (iv) Representations including powerful examples and analogies and 
(v) Conceptual Teaching Strategies. The quality of TSPCK is influenced by both the knowledge 
of the content specific components as well as their interaction among each other. This definition 
distinguishes TSPCK from the broader PCK in that it has selective focus on CK and the specific 
knowledge that transforms it. The topic specific model is illustrated in Figure 1 below. 

The five categories mentioned above closely related to the eight prompts used in Loughran et 
al.’s (2006) CoRes to capture the teaching of big ideas on a topic,  viz. “What do you intend 
students to learn about this idea?”; “Why is it important for students to know this?”; “What else 
you might know about this idea (that you don’t intend students to know 
yet)?”;“Difficulties/limitations connected with teaching this idea”; “Knowledge about students 
thinking that influences your teaching of this idea”; “Other factors that influence your teaching 
of this idea”; “Teaching procedures” and “Ways of ascertaining students’ understanding of this 
idea”. 
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Figure 1. A model of Topic Specific PCK 

This study looks at the possibility of transfer of TSPCK between two topics in physical science 
in a group of final year pre-service teachers and seeks to answer the following questions: 

1. What is the quality of PCK that is captured and portrayed by the student teachers as 
demonstrated by CoRes constructed after an intervention aimed at teaching them TSPCK 
in chemical equilibrium? 

2. What is the quality of PCK that is captured and portrayed by the student teachers as 
demonstrated by CoRes constructed in a different topic, they taught during their school 
experience? 

3. What is the relationship between the quality of their PCK in the two different topics as 
represented in the CoRes? 

RESEARCH DESIGN AND METHODOLOGY 

This paper uses data from a study in which 16 final year pre-service teachers were exposed to a 6 
week intervention aimed at improving their PCK on chemical equilibrium. The intervention 
focused on exposing the pre-service teachers to TSPCK with respect to the five components 
elucidated in the theoretical framework outlined above in the specific context of chemical 
equilibrium. Table 1 provides an overview of the type of activities conducted during the 
intervention. 

 

 

 

 

 

Strand 3 Science teaching processes

655



 

Table 1 

Overview of intervention Activities 

Component Activities  

Student prior 
knowledge  

Discussions on widely researched conceptions and common misconceptions 
on chemical equilibrium from the literature. Emphasis was placed on 
awareness and recommended teaching strategies to confront misconceptions 

Curricular saliency   Identification of the big ideas and the corresponding subordinate concepts in 
chemical equilibrium,   sequencing   for   scaffolding   learning,   awareness   
of   the background concepts needed before teaching the topic.   

Why it is difficult to 
teach  

Exploration of gate keeping concepts of chemical equilibrium and those 
considered difficult to learn 

Knowledge of 
representations  

Introduction  of representations for chemical equilibrium at  the  three  levels  
of  explanations,  macroscopic,  symbolic and sub-microscopic  

Teaching strategies   Emphasis  on  conceptual  strategies  for teaching chemical equilibrium 
rather  than  general  pedagogy  and logistics 

 

All activities in the intervention made use of a CoRe adapted from Loughran et al. (2006) to suit 
the five components of the theoretical model shown in figure 1. A skeleton of the adapted CoRe 
is shown in Figure 2 below: 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Skeleton of Adapted CoRe 
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The quality of the pre-service teachers’ TSPCK in the larger study was measured using a 
specially designed validated instrument. Results of the intervention showed a significant 
improvement in both their TSPCK and their content knowledge (Mavhunga & Rollnick, 2013). 
During the intervention they completed a major assignment where they completed an adapted 
CoRe (see Figure 2) on the topic of chemical equilibrium. Later in the academic year the pre-
service teachers were exposed to two periods of teaching experience where they were required to 
teach a range of topics. At the end of the academic year they were required to complete an 
examination equivalent assignment where they were asked to produce a CoRe task on a topic 
other than chemical equilibrium which they had taught during their teaching experience. The 
CoRes produced for the major and examination equivalent assignment constituted the data for 
this study.  

This study used mixed methods to analyse the two assignments as described below.  

Data Analysis 
The specially designed instrument mentioned above  was scored using a rubric based on the five 
components of the theoretical framework described above and allowed classification of pre 
service teachers’ PCK as limited, basic, developing or exemplary. For this study the rubric was 
adapted and used to assess the PCK of the students in the topics as demonstrated in the CoRes 
used for the two tasks. Table 2 below shows an extract from the adapted rubric for the first 
component, understanding of learners’ prior knowledge. 

 

Table 2 

Extract from Adapted Rubric for scoring CoRes (Learner prior knowledge component) 

Limited PCK  
Scored 1  

 Basic PCK  
Scored 2  

Developing  PCK 
Scored 3  

Exemplary  PCK 
Scored 4  

*No  
identification/ 
acknowledgement/ 
consideration of 
student prior 
knowledge or 
misconceptions   

*Identifies 
misconception or prior 
knowledge  on one idea 
only   
*Calls for standardized 
knowledge as definition  
*Repeats standard 
definition with no 
expansion  

*Identifies 
misconception or 
prior knowledge on 
two or more big 
ideas  
*Provide 
standardized 
knowledge as 
definition  

*Identifies misconception 
or prior knowledge on all 
big ideas  
*Provide standardized 
knowledge as definition  
*Confronts 
misconceptions/confirms 
accurate understanding  

 

The raw scores as shown the extract above were peer validated by independent raters familiar 
with the theoretical framework and an agreement rate of 80% was obtained. The scores were 
then converted to Rasch scores (Bond & Fox, 2001).  

FINDINGS 
Rasch analysis provides measures on two levels - it provides findings with the respect to the 
“items” (In this case the five components of TSPCK) and at the level of persons (in this case the 
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16 pre-service teachers participating in the study).  

Item Analysis 

The item analysis provides information about the validity of the items, their relative difficulty 
and their spread. Table 3 provides a summary of the relevant values obtained. As can be seen, the 
item spread is not good for the major assignment but better for the exam equivalent assignment. 
The lack of spread of item scores leads to a lowering of item reliability. 

 

Table 3 

Results of Rasch Item Analysis 

Item  Major Assignment  Exam Equivalent  

What is difficult to teach -0.31 -0.19 

Curricular Saliency -0.31 1.00 
Student Prior knowledge -0.31 1.03 

Conceptual teaching strategies 0.35 -0.47 
Representations 0.58 0.69 
Item Reliability  0  0.43  
 

The Rasch scores for the items are directly related to the relative difficulty of the items and 
signal a different hierarchy of difficulty for each of the two tasks. For the major assignment, the 
first three items are of equal difficulty meaning that pre-service teachers with Rasch scores above 
these values will have a good chance of doing well on the item. We attribute the poor item 
reliability to the poor discrimination between the item scores and attribute the different order in 
terms of the different demands of the CoRe task in comparison to the original instrument.  

The questions posed in this paper relate to the person scores which are analysed below. 

Person Analysis 
Figure 3 shows the item person maps for the two tasks. 
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Figure 3. Person Item Map for the two tasks (Major assignment on the left and examination task 
on the right) 

Figure 3 highlights the poor spread of items discussed in the previous section but also shows the 
good spread of persons obtained in both tasks, indicating good person reliability. This is 
reinforced by the high Cronbach alpha scores in the two tasks of 0.85 and 0.93 respectively. 
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Another finding of note was that a Wilcoxon test showed no significant difference between the 
Rasch person scores, showing that there was no significant difference between the performance 
of the teachers on the two tasks. However the average raw score on the chemical equilibrium 
task (the major assignment) was 3, qualitatively placing their TSPCK at the “developing” level 
while the average raw score on the exam equivalent task was 2, placing the teachers at the 
“basic” level with respect to the other topic, signaling that although they performed relatively 
well on the new topic, they did not do quite as well as on the chemical equilibrium task. The 
separate item scores also showed that transfer was better in some components than in others also 
shown by the qualitative analysis below. 

Qualitative analysis of CoRes 
The pre-service teachers chose a variety of topics including kinematics (3 teachers), Redox and 
electrochemistry (2 teachers), and a variety of topics chosen by one teacher such as acids and 
bases, current electricity, electrodynamics,  electric fields and electric field strength,  gas laws, 
semi metals, metals, non-metals,  force and energy, waves and Doppler effect,  lattice solids, 
waves and light and the hydrosphere. Since the task an examination equivalent assignment,  it 
would be expected that they would choose a topic that they felt they had taught with confidence, 
implying a good understanding of the content. However in some cases lack of content knowledge 
was observed and in these cases poor PCK scores were observed. 

Below are exemplars of responses from pre-service teachers in two assignments. 

In the component of Learner prior knowledge,  the pre service teachers were exposed to literature 
on misconceptions in chemical equilibrium (e.g. Quilez-Pardo & Solaz-Portoles, 1995). However 
in the case of the topic used for the exam equivalent there was no such exposure and the pre-
service teachers had to glean this knowledge from student responses and correcting written work. 
Given this limitation, the responses were encouraging.  Table 4 shows a pre-service teacher’s 
response on chemical equilibrium while table 5 shows responses on the topic of electricity.  

 

Table 4.  

Pre-service Teacher responses for Learner prior knowledge for the Big Ideas of “equilibrium 
systems” and “disturbing the equilibrium position” 

-Concentrations equal at equilibrium 
-Every closed system is at equilibrium 
-Equilibrium means reaction completion 

-effects of temperature, pressure affecting 
one side of the equation 
-catalyst increasing the concentration of the 
reaction 
-catalyst fostering the rate of the reaction 
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Table 5.  

Pre-service Teacher responses for Learner prior knowledge for the Current Electricity and 
Electric Motors 

-Current flows from an electric source such as a 
battery to a resistor, but not from a resistor to the 
battery 
- All the electrons that make up an electrical current 
are initially contained in the battery or generator that 
is the course of the electricity 
Wires have a hollow space like a water hose, and 
electrons move inside the hollow space 

A large battery will make a motor 
run faster 
Only magnets produce magnetic 
fields 
Machines put out more work than 
people put in. 

 

Both Tables 4 and 5 contain well documented misconceptions in the two subject areas, e.g.  
Tyson and Treagust (1999) in the case of chemical equilibrium and Rollnick, Mundalamo, and 
Booth (2013) and Rollnick (in press) in the case of electric circuits. 

There are also pleasing signs of integration of the other four components when it comes to 
designing conceptual teaching strategies and attempts to encourage student participation. The 
excerpts below show the comparison between responses regarding chemical equilibrium in the 
major assignment and the gas laws in the examination assignment. 

“Learners will be provided with macroscopic symbolic and representations that explain the 

principle but they must analyse it utilising their knowledge on factors that affect 

equilibrium 

Explaining: Class discussion 

Explain what Le Chaterliers’ principle state and how it can be utilized to predict 

(qualitatively) how equilibrium will shift (but does not explain why) 

Explain how it, predicts the shift if system is exposed to the factors: temperature, pressure, 

amount of reactants and products and a catalyst 

Thus we have three points of focus: 1) Equilibrium 2) Disturbance of equilibrium, 3) Shift 

to restore equilibrium. 

Explain and demonstrate how the equilibrium law compensate for Le Chateliers’ principle 

in predicting the position of equilibrium in a quantitative manner. e.g. (addition of reactant 

or removal of the product.”  (Major assignment)  

 

In my introduction, I asked prior knowledge questions because, in this lesson, learners 

were required to work in groups of four to determine the relationship between the 

temperature and volume of an enclosed mass of gas. I did Boyle’s law experiment with 
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them before and I taught them about the kinetic theory of matter, however prior to doing 

the actual experiment, the following misconceptions were revealed by the learners; Ice 

cannot change temperature, heat expands the gas particles and that 0oC is the minimum 

temperature a substance can reach: (Exam equivalent assignment) 

 

Both sets of responses show awareness of learner prior knowledge, use of representations and 
awareness of the need to involve students in their lessons. 

CONCLUSIONS 
The study showed that it was possible to use an adapted rubric to assess the quality of TSPCK of 
the pre-service teachers for chemical equilibrium and for a different topic taught during school 
experience. While the rubric produced good reliability with respect to persons, it did not produce 
good discrimination between the items each of which represented one of the components of 
TSPCK.  This suggests that while it is possible to obtain qualitative scores of TSPCK overall, the 
rubric does not produce reliable item scores as measured by Rasch.  

CoRes thus can be used to determine the quality of TSPCK. Their use has both advantages and 
disadvantages. On the one hand they can provide more extensive evidence of PCK but this 
evidence can be less focused. CoRes can provide rich evidence for PCK but they are time 
consuming and demanding to complete. The fact that both the data sources for this study were 
assessment tasks meant that the pre-service teachers were willing to invest the time required for 
this task. It would certainly not be possible to collect data on a large scale in this manner so 
CoRes will remain rich qualitative tools for data collection. 

The study also showed that the pre-service teachers were able to use the general approach taught 
to them for chemical equilibrium and apply it to other topics taught. This finding is promising for 
future interventions in teacher education as it suggests that it is worth spending in depth time 
studying one or two topics in the hope that pre-service teachers will be able to work through 
other topics to be taught using a similar approach. However there is evidence that pre requisite 
content knowledge would need to be in place for this to happen. 
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Abstract: The following paper reports on the methodology of a study designed to investigate 

the misconceptions and conceptual understanding of pre-service science teachers about basic 

chemistry concepts and on an intervention designed to facilitate pre-service science teachers to 

address this issue. The reflections of the early career researcher carrying out this study are also 

provided in this paper with emphasis on the experience of the ESERA Summer School 2012 

and the effect of this experience on the study. 
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OVERVIEW OF STUDY 

This is a two-phase mixed methods study. The aim of the first phase is to investigate pre-

service science teachers’ misconceptions about basic and fundamental chemistry concepts and 

whether the model of science teacher education (STE), or other variables, has any impact on 

understanding of basic chemistry concepts. The aim of the second phase is to address this issue 

by developing strategies and materials to target this issue with a group of pre-service science 

teachers. A blended learning strategy has been utilised, the goal of which is facilitate pre-

service science teachers (PSSTs) to address their own chemistry understanding by focusing 

them on targeting pupil misconceptions. A specific purpose website, www.subatomic.ie, has 

been created to facilitate the online component of this blended learning intervention.   

PHASE 1: INVESTIGATION MISCONCEPTIONS IN CHEMISTRY 

Rationale 

Many studies have been carried out on misconceptions in science. Studies carried out include 

those on misconceptions about science careers and nature of science in addition to 

misconceptions about content knowledge of physics, chemistry and biology (Pfundt & Duit, 

2009). According to Pfundt & Duit (2009) the majority of research carried out about content 

knowledge is in the area of physics with over 2000 papers published. Biology is the next most 

researched area with over 1000 papers published while chemistry is the least researched area of 

the three. Studies that have been carried out on misconceptions in chemistry have found that 

this issue is prevalent among primary-level (Valanides, 2000), secondary-level (Varelas, 

Pappas & Rife, 2006), and, third-level students (Ayas & Demirbas, 1997). There is also 

evidence that pre-service science teachers (PSSTs) have inadequate knowledge of chemistry 

concepts (Chin, 2005; Erduran, 2003). In order to promote conceptual understanding of 

chemistry and reduce the interference of misconceptions, teachers must have the necessary 
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pedagogical content knowledge (PCK) to address the misconceptions of their pupils. This PCK 

should include knowledge of common pupil misconceptions and appropriate strategies, 

explanations and analogies to address them (Shulman, 1986). Furthermore, teachers must have 

sound subject matter knowledge (SMK). Their SMK should consist of scientifically acceptable 

concepts and misconceptions should not be present (Brickhouse and Bodner, 1992). Therefore, 

teacher education (TE), whether initial or continuous, must at minimum ensure that teachers 

have a sound understanding of the fundamental concepts, which they will teach, and provide 

them with the necessary skills to access and understand the most up-to-date information about 

promoting understanding among pupils.  

An absence of literature regarding the effect of variability in TE programmes has recently been 

noted (Gansle, Noell & Burns, 2012). Kleichmann, Richter, Kunter, Elsner, Besser, Krauss & 

Baumert (2013) found that the SMK of pre-service mathematics teachers did not differ 

provided they were at the same stage of progress through their TE programme. However, SMK 

did improve between the beginning and end of programmes. Studies which compare the 

conceptual understanding of PSSTs following different science teacher education (STE) 

models do not appear to have been conducted. There are two TE models in place in Ireland: 

consecutive and concurrent. The consecutive model involves completing a science degree (3-4 

years). Those desiring to become teachers must then apply for a place on a 1 year TE 

programme in which they undertake educational and professional studies. The concurrent 

model involves a 4-year degree in which PSSTs study their academic discipline, education, 

general pedagogy and subject-specific pedagogy. These subjects are studied in parallel 

throughout the duration of their 4-year degree course. Those on consecutive programmes of 

STE study their science discipline in greater depth compared to those on concurrent 

programmes. The candidates that apply for and receive places on either consecutive or 

concurrent programmes in Ireland are generally of high quality (Drudy, 2001). There has been 

some debate about the advantages of the consecutive or concurrent models (Coolahan, 2001) 

and there is a commonly held belief that those on consecutive STE programmes have a better 

grounding and deeper understanding in their chosen subject area than those on concurrent 

courses, given that they study their academic disciplines in greater depth. The first phase of this 

study examined PSSTs’ understanding of selected basic and fundamental concepts using a pen-

and-paper instrument and the effect, if any, of the model of STE on this understanding. 

Methods 

A pencil-and-paper instrument called the Chemistry Misconceptions Identification Instrument 

(CMII) was developed and used in this study as no instrument in the literature could be found 

which was appropriate for investigating chemistry misconceptions across a range of 

fundamental areas. The conceptual areas to be included in the CMII were selected after the 

concepts in the upper second-level chemistry syllabus had been categorised in order of 

increasing complexity. The basic conceptual areas selected were particulate nature of matter 

(PNM), chemical bonding, and, stoichiometry and the mole. The authors determined that a 

sound understanding of these conceptual areas was required to be able to access more complex 

concepts, such as electrochemistry, organic chemistry and equilibrium which synthesise and 

build upon these basic concepts. A complex concept was also selected for inclusion on the 

instrument to investigate whether understanding of basic concepts correlated with sound 

understanding of synthesis concepts. Conceptual questions in these four areas were selected 

from the literature or developed by the authors. The instrument was piloted with 212 PSSTs. 

Hour-long semi-structured interviews were carried out with 7 PSSTs to determine whether the 

questions were intelligible and that PSSTs had interpreted the questions as intended. The 

instrument was then revised and the final version comprises 20 questions as shown in Table 1. 

Strand 3 Science teaching processes

665



A number of different styles of questions were used: traditional multiple choice, pictorial and 

two-tier multiple choice. 

Table 1  

Content of the Chemistry Misconceptions Identification Instrument (CMII) 

Concept 

Area 

No. of 

Questions 

Concept(s) being tested 

Particulate Nature of 

Matter 

4 Microscopic nature of atoms, elements, compounds and mixtures. 

1 Conservation of matter. 

1 Understanding of phase change. 

2 Meaningful conversions from symbolic to microscopic. 

Stoichiometry & the 

Mole Concept 

4 The mole as a counting unit, using the mole concept in 

stoichiometry and understanding of molar volumes. 

Chemical Bonding 5 Process and energetics of bonding, effect of bond type and 

structure of ionic compounds. 

Equilibrium 3 Dynamic nature of equilibrium and the equilibrium constant. 

The questions on the instrument were marked as either correct or incorrect and a score of 0 or 1 

given accordingly. Participants could achieve a maximum of 20 marks for the test with 8 for 

PNM, 5 for chemical bonding, 4 for stoichiometry and the mole, and, 3 for equilibrium. All 

data was parametric with the exception of scores for equilibrium. Therefore, equilibrium was 

treated separately by using nonparametric tests during analysis. The scores achieved and the 

responses selected for each question were analysed using SPSS (Statistical Package for Social 

Sciences) predictive analytics software. 95% confidence intervals were considered statistically 

significant. Effect sizes are measured using r
2
 (or Φ). A value for r

2
 of 0.01 represents a small 

effect size, of 0.09 represents a medium effect size and of 0.25 represents a large effect size 

(Field, 2009). A value for Φ of 0.10 represents a small effect size, of 0.30 represents a 
medium effect size and of 0.50 represents a large effect size (Field, 2009). 

All institutions in Ireland with STE programmes were invited to participate in the study. There 

are 7 consecutive programmes and 6 concurrent programmes in Ireland. All 7 consecutive 

programmes took part in the study and 4 concurrent programmes took part in the study 

(inclusive of Northern Ireland and the Republic of Ireland) giving a total of 467 PSSTs: 144 

following consecutive and 323 following concurrent models. The researcher visited all 

institutions to administer the CMII. The profile of participants may be seen in Table 2. 

Table 2 

Gender and age profile of the participants differentiated by TE model 

 Consecutive Programmes 

(n = 144) 

Concurrent Programmes  

(n = 323) 

Total Cohort  

(n = 467) 

Number of Participants 144 323 467 

Males 31% (44) 28% (91) 29% (135) 

Females 69% (99) 72% (232) 71% (331) 

Summary of Main Findings 

The mean score achieved by the participants in the study was 37.37% (SD=15.04) or 7.47 

(SD=2.96) marks out of a possible 20. The misconceptions identified among 15% or more of 

PSSTs may be seen in Table 3.There was no statistically significant difference between the 

mean score for those following the consecutive (M=7.50%, SD=3.17) or concurrent (M=7.46, 

SD=2.87) models of STE, t(465) = 0.141, p >0.05. Of the 467 PSSTs, 49.9% achieved less than 

40% in the instrument and a further 13.9% achieved exactly 40%, giving a total of 63.8% of 

PSSTs achieving 40% or less, i.e. answering 8 questions or fewer correctly out of 20 questions 

in total. The mean scores for each conceptual area of the instrument were also compared for 
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both groups. Some areas of statistical significance were identified, however, the differences 

between the mean scores for the two groups were consistently less than a single question on the 

instrument and these differences had small effect sizes. The trend in these differences was also 

not consistent, with consecutive PSSTs being marginally better in one conceptual area while 

concurrent PSSTs are marginally better in another area. Further analysis involving variables of 

age and level of upper second-level study of chemistry reveals that the differences found were 

actually due to differences in upper second-level study of chemistry and the length of time 

since second level experiences. That STE had no impact on understanding of the chemistry 

concepts included in the CMII was further emphasised by the lack of significance associated 

with the number of years that PSSTs had studied science and chemistry in their concurrent 

courses. This finding was in contrast to Kleichmann, Richter, Kunter, Elsner, Besser, Krauss & 

Baumert’s (2013) investigation of change in understanding of mathematical concepts at the 

beginning and end of pre-service mathematics teachers study in teacher education programmes. 

It is possible that the lack in improvement found among PSSTs is due to the widely 

acknowledged fragmented nature of STE courses (Coolahan, 2001). A more detailed report of 

these findings may be found elsewhere in the conferences proceedings.  

Table 3  

Misconceptions identified in 15% or more of PSSTs 

Conceptual 

Area 

Misconceptions Identified % PSSTs 

(n = 467) 

Particulate 

Nature of 

Matter 

All of the properties of a solid sample of sulphur can be attributed to a 

single atom of sulphur. 

38.5 % 

Gases have less mass than solids. 19.3 % 

Only elements are pure substances, while pure compounds are 

homogeneous (49.3 %) or heterogeneous mixtures (22.7 %). 

72.0 % 

All mixtures are heterogeneous mixtures. 30.2 % 

Bonds break and may reform on a phase change from liquid to solid. 20.3 % 

Confusing subscripts and coefficients in chemical equations. 46.2 % 

Failure to conserve atoms or understand the role of a limiting reagent. 65.7 % 

Stoichiometry 

and the Mole 

Concept 

The number of particles in a mole of a substance depends on the mass of 

the particle. 

43.0 % 

12 g of Carbon contains a mole of electrons. 59.3 % 

A 1.0 M solution of ethanol contains 1.0 mL of ethanol per litre of 

solution. 

15.2 % 

A 1.0 M solution of ethanol contains 46 g of ethanol per litre of water. 25.7 % 

Chemical 

Bonding 

An ionic compound is best represented by the Bohr Model showing a 

unit cell. 

24.8 % 

An ionic compound is best represented by the Bohr Model showing 

covalent bonding of sodium and chloride. 

21.8 % 

The shared electron pair in HF is centrally located as this is a covalent 

bond. 

22.1 % 

Breaking hydrogen-hydrogen bonds releases energy. 20.6 % 

Breaking any bond releases energy. 32.1 % 

Ionic bonding is always stronger than covalent bonding. 16.3 % 

Nitrogen always forms triple bonds and can form up to five bonds with 

other atoms. 

23.1 % 

N2H4 forms a resonance structure. 22.7 % 

Equilibrium The concentrations of all species in the reaction mixture are equal at 

equilibrium. 

33.0 % 

At equilibrium the concentration of reactants and products is always 

equal. 

15.0 % 
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PHASE 2: BLENDED LEARNING INTERVENTION  

Rationale 

The results from the first phase of this study indicate that STE has no impact on PSSTs’ 

understanding of basic chemistry concepts. This may be due to the fragmented nature of 

academic, and, educational and professional disciplines in STE programmes. If “by teaching 

we learn” then integration of these experiences may improve understanding of basic concepts. 

Teacher educators are calling for the length of TE programmes to be extended in order to 

provide more time to address the issues relevant to modern teachers. However, this extra time 

cannot guarantee an improvement in the situation which the previous results have revealed, 

given that those on consecutive courses study far more of their academic discipline than those 

on concurrent courses and yet this seems to make no substantial difference. Furthermore, time 

on TE courses is needed to address other important issues also. Therefore, this study has taken 

a blended learning approach (the combination of online and face-to-face experiences). This 

approach can produce more value for the face-to-face time with PSSTs while giving them 

access to SMK and PCK which will be relevant for their Teaching Placements. 

Bliuc, Goodyear & Ellis (2007)  describe blended learning as “learning activities that involve a 

systematic combination of co-present (face-to-face) interactions and technologically-mediated 

interactions between students, teachers and learning resources”. Blended learning has 

previously been used in the research literature to deliver teacher education courses (Khine & 

Lourdusamy, 2003; Motteram, 2006), undergraduate modules (Boyle, 2005) and courses for 

adult learners (Ausburn, 2004). Blended learning is generally perceived positively by learners 

(Khine & Lourdusamy, 2003). It has been shown to promote learner autonomy and active 

engagement (Motteram, 2006) and increase pass rates in undergraduate courses (Boyle, 2005).  

The underlying hypothesis for this second phase of the study is that by creating a learning 

environment in which PSSTs must focus on addressing the misconceptions of their pupils (i.e. 

focus on their PCK), the PSSTs will also increase their awareness of and address 

misconceptions in their own SMK, provided that they have access to appropriate learning 

materials. Blended Learning was deemed an appropriate strategy for testing this hypothesis as 

it provides for increased interactions between the participants (pre-service science teachers), 

the learning facilitator (the researcher), and appropriate resources (primarily in the form of a 

website created specifically for the purpose of this study). Furthermore, the active engagement 

of learners with their own learning promoted by blended learned seems ideal for dealing with 

the issue of misconceptions, given their persistence unless directly targeted. Finally, the 

blended learning approach allows for more contact between the learning facilitator and the 

participants than would be permitted by face-to-face interactions alone, without the adverse 

effects to the learning environment that might occur if online interactions were solely used. 

This would make it appropriate for use by STE programmes, in which time constraints are an 

enduring issue. 

Methods 

Face-to-Face Component 

The face-to-face component of this blended learning intervention involves six one-hour tutorial 

style sessions with brief exposition by the learning facilitator about the task for the session 

followed by the pre-service science teachers working in groups of three or four to complete this 

task. During these sessions the pre-service science teachers are encouraged to use their laptops 

or mobile phones to seek out information from the internet and specifically from a website built 

specifically for this study, (www.subatomic.ie), in order to assist them in completing the task. 
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During this time, the learning facilitator circulates the groups to join in, ask questions or offer 

guidance where necessary. The tasks given to PSSTs involved attempting to design strategies 

and materials that could be useful for targeting the misconceptions of their future pupils. The 

first of these sessions was an introductory session. The tasks for each of the other sessions are 

shown in Table 4. 

 

Table 4 

Focus of each of the face-to-face sessions 

Task No. of Sessions 

Concept Cartoons 1 Session 

Diagnostic Questions 1 Session 

Cooperative Learning 2 Sessions 

Concept Mapping 1 Session 

 

Online Component 

The online component involves self-regulated learning using the website www.subatomic.ie 

and online communication via a Facebook group. SuBATOMIC (Supporting Better Activities 

To Overcome Misconceptions In Chemistry) has been designed to provide PSSTs with 

information about the common misconceptions they may encounter among their pupils, 

research ideas to address misconceptions presented in a palatable form and research-based 

teaching activities and resources. It is also a place to revise their own understanding about basic 

chemistry concepts. The PSSTs will go on a Teaching Placement as part of their STE 

programme in March 2014 and it is envisioned that they will continue to use this website and to 

communicate online during this time. An outline of the timeframe of the study in relation to the 

PSSTs’ Teaching Practice in shown in Table 5. 

 

Table 5 

Timeframe of each component of the study 

Blended Learning Component Duration of Component 

Face-to-Face 30
th
 Sept. 2013 – 29

th
 Nov. 2013 

Online 30
th
 Sept. 2013 – 25

th
 Apr. 2014 

Teaching Placement 3
rd

 March. 2013 – 25
th
 Apr. 2014 

Feedback & Review Session End of April 2014 

 

 

Recruitment of Participants 

Participants were recruited during a lecture as part of the PSSTs’ STE programme. PSSTs 

studying in this programme specialise in biology and choose either chemistry or physics as a 

second specialisation. The researcher does not lecture or teach the PSSTs in any capacity on 

their programme and this cannot be considered an influencing factor. 52 PSSTs signed up to 

take part in the study. Each of the 52 PSSTs was assigned a number and using a random 

number generator to place them in either the blended learning group or the control group. There 

were 31 PSSTs in the blended learning group and 21 in the control group. The Motivated 

Strategies for Learning Questionnaire has been previously validated and its reliability has been 
tested (Pintrich, Smith, Garcia & McKeachie, 1999). Participants were asked to complete this 

questionnaire at the recruitment stage of the process. There were no statistically significant 
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differences found between the blended learning and control groups for Intrinsic goal orientation 

(t(50)=-0.58, p>0.05), extrinsic goal orientation (t(50)=0.98, p>0.05), control of learning 

beliefs (t(50)=0.87, p>0.05), self-efficacy for learning and performance (t(50)=0.62, p>0.05), 

rehearsal (t(50)=-0.42, p>0.05), elaboration (t(50)=-0.87, p>0.05), organisation (t(50)=-0.84, 

p>0.05), critical thinking (t(50)=1.47, p>0.05), metacognitive self-regulation (t(50)=-0.97, 

p>0.05), peer learning (t(50)=-1.20, p>0.05), or, help seeking (t(50)=0.25, p>0.05). The 

blended learning and control also did not significant differ in their choice of subject 

specialisations or in their previous school study of upper secondary-level chemistry. 

Data Collection & Analysis 

Both quantitative and qualitative data collection methods are being utilised. During the six 

face-to-face sessions, audio-visual footage of two groups has been recorded. Participants also 

write biweekly entries into a reflective journal which will be collected and analysed at the end 

of the intervention. Participants also communicate their experiences of the face-to-face and 

online components on a Facebook group and this communication will continue throughout their 

upcoming teaching placement. The CMII will also be administered at the end of the 

intervention to both the blended learning and control groups. A summary of the data collection 

methods being utilised in their part of the study is summarised in Table 6. 

 

Table 6  

Data Collection Methods used in Phase 2 of this Study 

Areas Requiring Data Collection Method of Data Collection 

Face-to-Face Sessions Audio-Visual footage of two groups over six 

weeks and self-reports in biweekly reflective 

journal entries. 

Online Self-Regulated Learning Online Facebook communication and biweekly 

reflective journal entries. 

Quantitative comparison of misconceptions 

between blended learning and control groups 

The Chemistry Misconceptions Identification 

Instrument will be administered at the end of the 

Intervention period. 

 

REFLECTIONS OF A BUDDING RESEARCHER 

I trained to become a science teacher specialising in physics and chemistry on a 4-year 

concurrent science teacher education programme in Ireland. I became interested in carrying out 

research in the area of misconceptions and conceptual understanding as I realised that I had 

many misconceptions in both physics and chemistry despite the fact that I was interested in and 

motivated by these subjects. I initially decided to carry out a multiple choice questionnaire on 

pre-service science teachers to determine what the baseline situation was in Ireland. I visited 

institutions to administer the questionnaire and somewhere along the way I realised that I was 

essentially having a negative impact on the affective welfare of pre-service science teachers. 

They were embarrassed as they had difficulty answering what should have been basic 

questions. In some cases they would try to answer the questionnaire but not hand it up to me at 

the end. They had been assured of both anonymity and confidentiality so this was not the 

reason for their reluctance to return the instrument to me. However, the questionnaire was 

having a negative impact on their self-image. Pre-service science teachers that prided 

themselves on their knowledge of chemistry and that had probably achieved A grades 

throughout the academic portion of their teaching degree or diploma suddenly found 
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themselves unable to decide what factors affected the number of particles in a mole of a 

substance or to determine the difference between pure substances and homogeneous mixtures. 

After this portion of the study had been carried out, I attended the ESERA Summer School in 

Bad Honnef. The Summer School involves working groups which discuss and critique each 

member’s research study. These working groups are not broken down into the same discipline 

or type of research and this is one of the advantages which the Summer School provides. By 

hearing about research taking place in other areas, I broadened my mind and began to consider 

other pathways. Some researchers favour quantitative and others qualitiative research methods 

and the issues relevant to each of these data collections methods are discussed in both formal 

and informal settings. At the time I went to the summer school I knew that I wanted to 

intervene to address this issue of conceptual understand but not how I wished to intervene. I 

had read the literature and seen interventions such as cooperative learning, the use of analogies 

and structured demonstrations but I did not feel that such interventions were appropriate for 

pre-service science teachers. I knew that above all, I did not wish to stand before pre-service 

science teachers as an ‘expert’. I wished to stand with them and for all of us (myself included) 

to set about improving our conceptual understanding of chemistry. It is my personal opinion 

that as long as there is an ‘expert’ – learner divide, the misconceptions of students can never be 

addressed. It is embarrassing to admit that one can’t answer a question about a basic concept. 

That embarrassment needs to be normalised before any intervention can be successful. 

Otherwise, ideas cannot be brought out into the open. These ideas began to formulate during 

the Summer School. Discussing ideas in a relaxed atmosphere with peers that are either also at 

a crossroads or have previously been at a crossroads is beneficial in so many ways. The great 

advantage of the Summer School is that even experienced researchers do not stand before us in 

the intractable position of ‘expert’. Studies are discussed and suggestions may be made but 

coaches do not enforce their opinion in any way and are open to the ideas of early career 

researchers. The format of the Summer School itself has, in a way, influenced my personal 

beliefs about how ideal learning should take place and has provided inspiration for the attitude 

which I have taken towards the problem of misconceptions in chemistry: one of a facilitator 

and co-learner rather than an expert. 
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Abstract:  

The study focuses on the effectiveness and feelings towards a unit of differentiated instruction. 

By comparing outcomes for students who received differentiated task assignments based on their 

previous knowledge with outcomes for students who work on the same material in a structured or 

chaotic task processing without diagnosis, we draw conclusions of the effectiveness. This paper 

explores the role of the combination of diagnosis and differentiated instruction in the construction 

of knowledge in context of chemical reaction in Grade 9. The findings are based on data gathered 

from an empirical, cluster-randomized experimental design study set in twelve German second-

ary schools (N = 268).  

In general, the study estimates positive impacts on student science achievement. Certainly, the 

comparison between the groups shows no significant differences in knowledge gain and in the 

assessment of the unit. Differences between the groups can only be detected on the sublevel of 

cognitive performing levels. More quantitative and qualitative results of this study are presented 

and interpreted in the article. 

 

Keywords: differentiated instruction, individualization, differentiation, teaching methods in sci-

ence 

 

INTRODUCTION 

The 21
st
 century is characterized by the increase of diversity in all cases, especially in educational 

issues. Nowadays, students are diverse learners with different skills of readiness, interest, learn-

ing profiles and academic achievements (Tomlinson, Brighton, Hertberg, Callahan, Moon, Brimi-

join, Conover, & Reynolds, 2003). This diversity of students necessitates a change in instruction-

al practices that are based on a very equal population. It can be assumed that the majority of 

teaching is no longer realized in academically equal classrooms, rather than in diverse class-

rooms. More and more, the teacher’s role will inevitably be the challenge of serving academically 

diverse learners, e.g. gifted students and low-performing students, in regular classroom. There-

fore, current school reforms (e.g. NCLB, 2002; School Law of North Rhine-Westphalia, 2005) 

call for enhanced quality of instruction for all learners (Tomlinson et al., 2003). One approach to 

meet the needs of all learners in mixed-ability classroom settings is to develop effective individu-

alized and differentiated instruction.  

In recent years, individualized and differentiated systems of instruction have obtained an insuffi-

cient deal of attention in the educational literature. Often only practical concepts and implementa-

tion methods are presented; a review of these approaches on the effectiveness is given only in a 

few cases. The terms individualized teaching methods, differentiated and individualized instruc-

Strand 3 Science teaching processes

673



 

tion also have different meanings. In the loosest sense, it means a combination of diagnosis of 

student‘s needs and differentiating learning units (acc. Trautmann & Wischer, 2008). Beyond 

that, it is also equally important to preserve an insight of the opportunities and limitations of this 

teaching method. 

 

RATIONALE 

Current situation and Definition  

Major federal education initiatives, including the change of school laws in Germany and the No 

Child Left Behind Act in the USA (School Law of North Rhine-Westphalia, 2005; NCLB, 2002), 

have highlighted the importance of teacher quality in improving student achievement and the 

importance of attachment to individual needs of students. Improving the quality and quantity of 

instruction provided in whole class or small group instruction is the purpose of individualized 

instruction.  

The concept of individualized instruction has been studied for over 50 years. Despite this long-

standing history there is still a controversy over the exact definition of individualized or differen-

tiated instruction as a component of individualized teaching methods. By and large, individual-

ized teaching methods are systems in which students work at their own rates through carefully 

designed units of course material with the help of study guides and diagnostic test (Bangelt, 

Kulik & Kulik, 1983). In addition to this definition, teachers assist students by organizing indi-

vidual programs of studies (Baker & Goldberg, 1970). Therefore, teachers use data to group stu-

dents for instruction and practice. Diagnostic tools provide a significant role. From the perspec-

tive of a teacher, it is a challenge to diagnose students well and accurately build on a suitable and 

appropriate learning unit of each student. However, the combination of these two elements is the 

key aspect in the individualized instruction. This is also supported by other researchers who de-

scribe their thoughts by the concept of differentiated instruction in similar way. Tomlinson 

(1999) specifies differentiated instruction as a set of behaviour that enables a teacher to act as a 

diagnostician and to take students from where they are, prescribing the best possible instruction 

for each student. This perspective is more a teacher-centered perspective in which the teacher 

guides his students and suggests ways of learning. The perspective from the students is equally 

important, however, in the theory of differentiated instruction this is initially neglected. 

In research, the high utility of differentiated or individualized instruction is predicted (Kunze, 

2009), but efficiency of this method for each student actually could not be proved convincingly. 

There are arguments and limitations for differentiated instruction, which are often borrowed from 

the fields of differentiation and individualization because of a lack of own meaningful studies. 

Arguments for differentiated instruction  

A few studies in the range of differentiation and individualization show that especially the high-

performing students have a positive impact of individualized teaching systems. Studies of stu-

dents identified as talented suggest that teachers made only minor modifications in their instruc-

tion to address the advanced learning needs of these learners in the regular classroom (Westberg, 

Archambault, Dobyns & Slavin, 1993). In addition, Bode (1996) demonstrate that the considera-

tion of high-achieve students in classroom and furthermore an instructional tailoring have had a 

positive impact on high-performance students. Instructional tailoring means the ability to organ-

ize training or teaching around the needs of an individual or a group. It appears that instructional 

tailoring allows high achievers to perform to their maximum but does not have negative effects 
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on low or average achievers. In most cases these high-achieve students are neglected in a whole 

class instruction (Baumert & Roeder, 1986; Helmke, 1988). Results of the Aptitude Treatment 

interaction studies (ATI) also indicate that students with diverse achievement levels need differ-

ent instructions. Low achieving students profit from a high structured instruction whether gifted 

students increase their competences in open learning settings (Cronbach & Snow, 1977; Helmke 

& Weinert, 1997). This information is of considerable capacity, because it seems certain that dif-

ferent students of different performance levels bring a variant approach in teaching. Similarly, a 

meta-analysis of 38 studies in the range of adaptive education could also demonstrate that pro-

grams of adaptive education show consistent effects across contexts of learning and categories of 

students (d = 0.45) (Waxmann, Wang, Anderson & Walberg, 1985).  

Limitations for differentiated instruction  

While many teachers acknowledge academic diversity in their classrooms and often affirm the 

need to address student variance (Tomlinson et al., 2003), they often shy away from the differen-

tiated implementation in daily routine. A reason for the reluctance is that differentiated instruc-

tion is highly time consuming. On the one hand, it needs time to organize the lesson in the class-

room; on the other hand teachers have to prepare themselves in a different way by designing new 

material for each learner. Moreover, a study of the relationship of knowledge gain and the use of 

differentiated measures occupies a significant negative correlation: The more student-oriented 

teaching methods were performed, the lower the knowledge gain in mathematics, biology and 

physics. A justification represents the increased time required by the organization of teaching 

(Gruehn, 1999). The next aspect immediately follows to the previous, ability-grouping or within-

class grouping as a method without curriculum implementation has only small to moderate ef-

fects on learning outcomes. For all types of students, the size of academic gains is a function of 

program type (Kulik & Kulik, 1992; Slavin, 1987).  

From the field of individualization, there is also only little evidence of a great benefit. Studies 

show no or only very minor effects in many cases. Horak (1981) examines the effects of individ-

ualization on mathematics achievement and could not find a significant effect in contrast to 

teaching of larger groups. Similar findings provide Atash and Dawson (1986) as well as Aiello 

and Wolfles (1980). They draw the conclusion that individualization is hardly more effective than 

the traditional teaching approaches. All results can be summarized well with Hattie's (2009) me-

ta-analysis. This meta-analysis attests the individualized instruction a modest effect size 

(d = 0.23). In a ranking of the best teaching approaches, individualization is only ranked 100 of 

138 teaching approaches.  

In conclusion, currently no clear conclusions on the effectiveness of differentiated instruction and 

encouragement of all learners can be drawn. However, neither for teaching chemistry, materials 

for diagnosis and differentiating instruction are hardly available nor evaluated. 

 

METHODS 

This study primarily examined the effects of differentiated task assignment as a way of differen-

tiated instruction on academic achievement at the secondary level. We developed a unit for the 

“Basiskonzept” (fundamental idea) of chemical reaction. After treatment, it can be ensured that 

the students have a thorough knowledge of this fundamental idea (KMK, 2004). 
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Participants  

The unit is designed and evaluated for ninth-grade students, especially in the Gymnasium in 

Germany. Gymnasium is the highest type of secondary schools of the German school system. 

The choice of Grade 9 was based on the intention to close knowledge gaps and strength skills of 

chemical reaction. In all, twelve different classes and teachers completed the study. The sample 

consisted of 268 participants, 146 boys and 122 girls from pre-to post-test in the main study. All 

students were between the age of 13 and 17 years (Mage = 14.85, SDage = .52, 45.5 % ♀). The 

cognitive abilities of the total sample are normally distributed, the average cognitive ability is 115 

points (SDcog = 13.2). Because of absences, the sample was reduced to the follow-up test on 252 

students.  

Measures  

A pre-, post- and follow-up test assesses the students’ individual knowledge gain. Therefore, we 

developed a multiple-choice-test (MC-test) containing 42 items with one correct answer out of 

five. All tests were identical, only the arrangement of the items varied with the test times. The 

test was done before and after the lesson. The follow-up test was conducted 4 weeks later. The 42 

items of this test were grouped into four sections: (1) Chemical Change, (2) Particulate Nature of 

Matter, (3) Chemical Equations, (4) Addition material. The Cronbach alpha measures of internal 

consistency reliability for this test were αpre = .84, αpost = .86 und αfollow-up = .90. Thus, all tests 

demonstrated satisfactory properties. The second instrument measures students’ intellectual per-

formance by doing one scale of the CFT 20 (Weiß, 1998) before the lesson. The results of this 

test and the pre-MC test were used to divide equally the participants among the experimental 

groups.  

For instruction-oriented references, each student was asked for feelings towards the individual-

ised teaching lesson by a questionnaire. This third instrument is used after the lesson. It contains 

22 items on a five-point-Likert scale from I totally agree to I totally disagree. The questionnaire 

measures the attractiveness of the instruction. The Cronbach alpha measure of internal consisten-

cy reliability was .89. In addition, a further questionnaire has been realized during the unit, a 

combination of the Questionnaire on Current Motivation (QCM) by Rheinberg, Vollmeyer & 

Burns (2001) and academic self-efficacy by Schwarzer & Jerusalem (1999). Rheinberg at al. 

(1998) assume that initial motivation affects performance via motivation during learning and 

learning strategies. Initial motivation involves its four predictors: challenge, probability of suc-

cess, interest, and anxiety. The academic self-efficacy questionnaire was done on purpose to clar-

ify special cases on individual characteristics. 

Insufficient student knowledge gain in the science achievement test may be caused by insufficient 

learning strategies and inappropriate behavior during classroom instruction. In order to gather 

information on this assumption, the lessons with intervention were videotaped (n = 90). Moreo-

ver, a video coding manual and a worksheet coding manual has been developed that allow for 

analyzing processes during chemistry lessons. The fourth instrument assesses the task processing 

by coding the quality of the editing and the use of auxiliary materials. The first manual has six 

main codes and captures the quality of task processing. The second manual captures the behav-

iour of students during the individual learning unit in general. The Cohen Kappa measures were 

moderate to very good (κbehaviour (9) = .82). 
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Research design 

The unit is a repeating unit, all contents in case of chemical reaction should be known. The study 

adopted a pre- and post-test experimental design. Moreover, this control group study is random-

ized. The design of the study is structured in three phases along the theoretical background: Di-

agnosis or diagnostic test, differentiated study guides and instruction. First of all, we identify the 

skill of all learners by a multiple-choice-test. These diagnostics allow handing out sorted tasks for 

the special needs of each learner, the differentiated study guide. During the instruction, all stu-

dents worked with a workbook (a collection of different tasks), an information booklet and model 

answers.  

To examine the effectiveness, three experimental study groups were designed: Group Diagnosis, 

Structure and Chaos. All three groups work at the same time in the same room using the same 

material. The three groups were of similar cognitive performance, chemical expertise, gender and 

chemistry mark. The groups differ merely in the task assignment, and thus in the sequence of task 

processing. Group diagnosis (D) (n = 96) is given an individual assignment of tasks based on the 

diagnostic result of the pre-test. It follows that each learner edits an individual sequence of differ-

ent work packages according to its special needs and potentials. For motivational reasons, these 

students start with the second heaviest subsection for each student. The groups structure (S) 

(n = 86) and chaos (C) (n = 86) receive neither diagnostic result nor diagnosis-based individual 

assignment of tasks. Members of group S 

work on tasks based on the structure of 

the learning material, like tasks in a text-

book with increasing difficulty. Mean-

while, members of group C (chaotic) 

work on tasks based on an assignment in 

a random order. 

The unit includes five lessons of 45 

minutes. In the first and second lesson, 

the tests for the diagnosis and cognitive 

skills were conducted. After this diag-

nostic process and grouping, the phase of 

special needs is realised. The question-

naire of motivation and self-efficacy is 

conducted after half of the time. After a 

week, the chemical knowledge test is 

conducted again and also a feedback 

questionnaire. Four weeks later the 

knowledge-test is repeated (follow-up-

test). 

 

RESULTS  

Both quantitative and qualitative data were collected. We used data from the MC-test to identify 

differences in learning progress among the groups. Students learning progresses are measured 

comparing to pre- and post-test, also to pre- and follow-up-test. Qualitative data were evaluated 

for the behaviour of the students by video and content coding manuals. Descriptive analysis, sta-

Figure 1. The study used an experimental pre-post-

test-design. During the intervention, the phase of 

special needs takes place. 
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tistical tests, correlations, residual analysis and qualitative content analysis was used for evaluat-

ing the obtained data. A significance level of 95 % was the threshold for all tests. For correlation-

al analysis, Pearson’s r value was calculated. The following bands were used: r = ± 1: a perfect 

correlation, r > ± .80: a very strong correlation, r > ± .50: a strong correlation, r > ± .30: a moder-

ate correlation, r < ± .30: a modest correlation, r < ± .10: a weak correlation. 

Quantitative analyses 

Overall, pre-test scores and results of the CFT 20 do not differ for all groups, indicating that stu-

dents in all groups are equally knowledgeable about the subject and logical cogitation. Based on 

this data subcategories are also formed. Students with ability scores, whether in pre- or cognitive 

ability test, in either the upper or lower third of the distribution are assigned to the high and low 

ability levels, respectively. Students in the middle of the distribution compose the average ability 

level  

In general, all students have benefited from the unit, on average they learned 9 percent more from 

pre- to post-test. The results show significantly better learning outcomes with a moderate effect 

size (Mpre = .39; Mpost = .48; t(267) = - 13.575, p < .001, 

d = 0.52). However, this is independent of the group, as 

shown in Figure 1. There are no significant differences 

among the groups in immediate knowledge gain. Resid-

ual analysis confirms these findings (D-S: t(180) = 

1.114, p = .267, d = 0.17; D-C: t(180) = 1.427, p = .155, 

d = 0.21; S-C: t(170) = 0.311, p = .757, d = 0.05). The 

same applies for the sustainable knowledge gain from 

pre-to follow-up test.  

Analysis on basis of the feeling to the unit produced the 

same results. There are no significant differences. Other 

aspects are correlations of the predictors of the current 

motivation (QCM) to knowledge gain and feeling to-

ward the unit. For all groups, only the QCM predictor 

interest correlates significant with the immediate 

(r = .163, p < .01) and sustainable knowledge gain 

(r = .185, p < .01), but all predictors correlate modestly 

up to moderately with feeling towards the unit. Howev-

er, this differs considerably between the groups. For 

group D and S, the QCM interest score shows a modest correlation with knowledge gain 

(rD = 0.216, p < .05; rS = 0.217, p < .05). For group C, there is no significant correlation between 

interest and knowledge gain. In addition, only for group D the QCM predictor challenge score 

shows a modest positive correlation with learning outcomes (r = .271, p < .01).  

Figure 2. The graph shows the pre-, 

post- and follow-up scores for all 

groups, visualized by different types of 

dash. 
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Considering the subcategories for group D 

and S, further analysis can be carried out on 

interactions in relation to the knowledge 

gain via residual analysis and other varia-

bles. Analysis of interactions between the 

knowledge gainpre-post and the cognitive per-

formance level (CPL) based on CFT 20 pro-

duced a main effect of the cognitive perfor-

mance level (F(2,182) = 9.13, p < .001) and 

a significant interaction (F(2,182) = 3.52, 

p < .05, η
2
 =.038). These results are con-

firmed and even strengthened in the analysis 

of interaction between the sustainable 

knowledge gain and the cognitive perfor-

mance level (F(2,172) = 4.12, p < .05, 

η
2
 =.047). In this (Figure 3), cognitive high 

and low achievers benefit from a diagnosis-

based task processing (group D), whereas 

cognitive average students achieve higher 

learning outcomes in a structured task processing (group S).  

Qualitative analyses and mixed models 

The analysis of the qualitative data and the integration of the quantitative and qualitative data sets 

are currently carried out. Including analysis of individual cases suggest a benefit for the identifi-

cation of further success conditions. 

 

CONCLUSIONS AND DISCUSSION 

The goal of this study is to examine differentiated task assignments as a way of individualized 

instruction on academic achievement. The findings in this research are in broad agreement with 

other work (e.g. Waxmann et al., 1985; Hattie, 2006) on influence of individual task assignment 

in a range of individualization. Especially high achievers profit from the individualised assign-

ment of tasks (e.g. Bode, 1996). All in all, there are no or only small effects in contrast to a tradi-

tional approach (e.g. Hattie, 2006).  

Descriptive statistics demonstrate no differences between the three groups with diagnosis and 

without diagnosis. However, the results indicate that a diagnosis and an individual sorting of 

tasks are not the significant predictors of positive results in learning process and knowledge gain. 

A deeper insight into the data shows that significant differences among the groups D and S in the 

subcategories are established. Cognitive high and low achievers avail oneself of an individualised 

assignment of tasks, whereas cognitive average students profit by a processed structured task. 

One explanation is that especially for high and low achievers current misconceptions can be 

clearly detected by this method. These students can be promoted more effectively. For cognitive 

average achievers, it is easier to integrate new facts into existing knowledge with a meaningful 

structure. 

Correlation analysis demonstrates that especially in group D and S students’ performance depend 

on predictors of current motivation: challenge, probability of success, interest, and anxiety. In 

Figure 3. The graph shows significant interaction in 

relation to knowledge gain between group and cog-

nitive performance level.  
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particular, the predictor interest takes a significant role. The greater the actual motivation of a 

student for the materials and instruction, the greater is his learning progress. Moreover, the pre-

dictor challenge is an important starting point for further analysis of group D. It seems, that espe-

cially for cognitive high achievers a high challenge score tends to result in high learning out-

comes. Based on the data, group C shows no correlation between QCM predictors and knowledge 

gain. The relationship between motivation and learning progress seems to be much more wide-

spread in this group. 

One of the potential limitations to the generalization of this study, however, is the diagnosis and 

the assignment of tasks by the pre-tests that were given before the educational unit. The diagnosis 

by a paper-pencil test is very simple time-saving, but also very error-prone. Although this instru-

ment is verified by an interview-validation, some students possibly cannot be diagnosed clearly 

or only superficially. 

From the findings, it would appear that diagnosis and individualised assignments of tasks are not 

so important. On the other hand we can say that differentiation neither helps nor harms per se 

(Rossbach & Wellenreuther, 2002). It merely provides a framework for effective educational 

measures. Above all, the quality of differentiation is important. This knowledge could be applied 

in a practical way to improve teachers’ performance of effective individualized and differentiated 

instruction.  
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INTRODUCTION 

 
 

Strand 4 is focusing on how information and communication technology could be 

used to enhance teaching and learning in science education. There is a clear focus on 

research-based learning through the use of technology tools and systems such as 

interactive simulations, virtual learning environments, modeling tools, online learning 

environments, virtual laboratories, blended combinations of virtual with real 

manipulatives etc. The use and documentation of the added value of such tools can 

have a transformative impact on both learning and teaching. The use of such 

technology in the specific research direction  both draws on and enhances 

instructional perspectives in terms of  self-regulation, reflection and collaboration in 

digital learning environments. Research studies in the specific strand involve the 

impact of technology oriented environments on cognitive, affective, motivational and 

behavioral components of students’ learning. Findings like the ones in this strand may 

challenge the already established norms concerning the use of conventional 

means/environments on learning. The implementation of ICT and TEL in science 

education creates the need for understanding how such environments/tools could be 

integrated in teaching and learning activity sequences in science. Therefore, the 

research results presented here, focus on the extension of the empirical base through 

similar research in order to ground the perspectives advocated in this strand. 

 

 

Georgios Olympiou and Patricia Janvier 
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ENGINEERING STUDENTS’ EXPERIENCES OF LEARNING 
LABS – A CASE STUDY OF PHYSICS GROUP WORK 

 
Magnus Strøm Mellingsæter1 

1Department of General Science, Sør-Trøndelag University College, Trondheim, Norway 
 

Abstract: In the case study presented here, first-year engineering students attended group 
work sessions, in so-called learning labs, as an organised part of a basic physics course at a 
Norwegian university college. Each student group was equipped with an IWB, which the 
groups used to write down and hand in their solutions to the physics problems while working 
collaboratively. An investigation into the students’ perspectives and experiences from the 
group work suggested that they emphasised the structured setting around the exercise sessions 
and the close link between the lectures and the exercises as positive aspects with the learning 
labs. On the other hand, they pointed to internal aspects of conflicting common and personal 
goals, which led to a group-work dynamics that seemed to inhibit elaborate discussions and 
collaboration. The students also pointed to external aspects, such as a close temporal 
proximity between lectures and exercises, which also seemed to inhibit occurrences termed 
joint workspace. 
 

Keywords: physics; group work; higher education 

INTRODUCTION 

Group work in higher education is widely researched in terms of learning outcomes and 
students’ attitudes towards this particular learning activity (Springer, Stanne, & Donovan, 
1999), and to some extent with regard to the dynamics of group work (e.g. Enghag, 
Gustafsson, & Jonsson, 2007; Ingerman, Berge, & Booth, 2009). This paper presents a case 
study concerning different aspects of so-called learning labs from the participating students’ 
perspective. The learning labs were rooms specifically designed for group-work activities, 
where each group had access to an interactive whiteboard (IWB). One student group 
consisting of five students was followed throughout one term, and during weekly exercise 
sessions, data were gathered through video recordings and field observation. The aspects 
investigated here emerged from a focus group interview conducted with the group towards the 
end of the term. The students’ experiences and viewpoints were then combined with video 
data in order to shed light on how the use of IWBs in group work may facilitate students’ 
learning. 

BACKGROUND 
In Mellingsæter and Bungum (submitted), video data were analysed to investigate how 
students used the IWB in the group-work situation. Four ways of using the IWB were 
identified as processes during the problem solving: exploratory processes, explanatory 
processes, clarifying processes and insertion. Exploratory processes were characterised by 
students using the IWB to explore the physics problems without any significant preparation, 
i.e. note sketching. Explanatory processes involved one student taking on a teacher’s role, 
explaining his idea of how to solve a problem to the others in the group using the IWB. 
Clarifying processes occurred when questions or inquiries about what had been written on the 
IWB resulted in clarification or perhaps alteration of the written solution. Finally, insertion 
described events where one student inserted a solution on the IWB, and where there was little 
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interaction between the group members.  

From the categories exploratory, explanatory and clarifying processes, the concept joint 
workspace was established as a social realm where the students’ dialogues and attention 
remained focused on a physics problem. The IWB supported the emergence of a joint 
workspace by providing an overview of what had been written, thus helping the collective 
meaning-making process more effectively, as opposed to situations where the students were 
discussing while focusing on their own paper-written notes. The concept of a joint workspace 
was established within a dialectical, Vygotskian framework (Wegerif, 2007), where the 
desired outcome of an encounter between the voices of the students and the voice of physics 
is a synthesis or an overcoming. What this means is that, ultimately, students should 
appropriate the scientific theories of physics, and not some hybrid, in-between understanding, 
although this may turn out to be quite different in practice (Wandersee, Mintzes, & Novak, 
1994). The possible reasons for how or why joint workspace occurred were not explored. In 
this paper, I will use the results obtained from the group interview to shed light on the video 
material and the field observation, and find some of the possible reasons for the emergence of 
the joint workspace. In addition, the interview informs us about the students’ experiences with 
the learning labs, which can point to aspects of the learning labs that should be preserved and 
aspects that need to be improved, or perhaps conveyed more clearly to the students in the 
future.  

Scherr and Hammer (2009) and Berge and Danielsson (2013) have investigated physics group 
work in higher education and produced results that could be related to the joint workspace 
with regard to both the concept itself and possible reasons for its emergence. Scherr and 
Hammer (2009) investigated the variety of interactions within student groups working on 
physics tutorials, and identified four distinct patterns of interaction. These were interpreted 
with regard to the students’ epistemological framing as completing the worksheet, discussing, 
responding to a teacher assistant and joking. The epistemological framing termed discussing 
is the most relevant one with regard to joint workspace. Berge and Danielsson (2013) 
identified several storylines that emerged in the talk between engineering students during 
physics group work. Their students were dealing with a physics problem to reach a solution, 
to understand the physics or to prepare for the upcoming examination. The joint workspace 
could be related to all these storylines, as it is defined at a coarser grain level than Berge and 
Danielsson’s categories. Furthermore, Berge and Danielsson identified storylines that go 
along the line of establishing ‘insiders’ and ‘outsiders’ of the group or the community of 
engineering students, either by rendering the physics problems easy or by making esoteric 
jokes. Both the Scherr and Hammer categories of epistemological framing and the Berge and 
Danielsson storylines can tell us something about how students go about solving physics 
problems in small groups. What seems to be missing are considerations of how these 
epistemological or interactional patterns evolve over the course of an entire term.  
 
Research questions 
This study investigates aspects that influence the students’ experiences with the learning labs, 
and from these the possible reasons for the emergence of the joint workspace. The research 
questions are:  
- Which aspects are important in how the students experience the learning labs? 

- How do these aspects relate to the emergence of a joint workspace? 
The students’ experiences from the learning labs are important, as they may point to factors or 
issues that can shed light on the possible reasons for the emergence of the joint workspace 
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during the course of the term. On a more concrete level, the students can point to factors that 
need to be addressed with regard to future design of the learning labs. The success of any one 
learning situation can be assessed based on whether different aspects influence each other and 
the persons involved in a coherent, constructive manner, or whether there are some aspects 
that are disruptive (Hodkinson, Biesta, & James, 2008). The video material from the learning 
labs suggests that there is something that seems to inhibit elaborate, conceptual discussions 
over time. Based on the students’ experiences from the learning labs, I will identify some of 
these aspects. 

THE LEARNING LABS 
The case concerns first year mechanical and logistics engineering students at a Norwegian 
university college, attending organised group-work sessions once a week during the autumn 
term of 2011. The groups were instructed to write their solutions on the IWB in a 
collaborative manner and hand in the final file electronically via email or a learning platform. 
The aim was that the groups should complete the tasks within the time they had at their 
disposal in the learning labs. Given that the students had to hand in their solutions as a 
proprietary whiteboard file, their options for completing the assignment outside these rooms 
were limited, and so the students had an incentive to complete the assignments in time and in 
collaboration with each other, and also to use the IWB during their work. This was thought to 
yield two benefits: first, that the students’ spare time workload was not increased with yet 
another assignment; and secondly, that the groups had to meet face to face to complete the 
assignments. The latter relates to a concern that ordinary group assignments would be solved 
in an unintended cooperative manner, i.e. that the students would divide the various tasks 
between them and work separately. By constraining the students to work face to face, the 
hope was that they would be encouraged to work as a group, not just in a group. 

The weekly exercises consisted of three or four physics problems, which were strongly linked 
to the curriculum. Often the physics problems were linked to parts of the curriculum that the 
teacher had lectured about recently. The groups’ solutions were graded for each exercise, and 
the sum of these exercise grades counted for 20% of the students’ final grade in the physics 
course. 
About 100 students participated in these group-work sessions. Owing to the number of 
students and limited space, 11 groups with five to six students each were present at each of 
the two sessions that were arranged each week. The students were themselves responsible for 
forming groups at the beginning of the term. Two teachers were present at the exercise 
sessions, and were available for supervision upon request. One of these was the lecturer 
responsible for the physics course. Both were experienced teachers with a keen interest in 
trying out new ways of teaching physics. 

RESEARCH METHODS 
In this case study one student group was selected on the basis that it seemed representative of 
the student mass with regard to age and level of engagement in the exercises. The latter 
criterion implied that the group members should show a certain engagement with the 
exercises and collaboration. The group consisted of five male students: Henry, Terry, Andrew, 
Eric and Toby, all in their twenties. Originally, there was a female student in this group, but 
she left before any data from the group-work sessions had been recorded. Given that fewer 
than 10% of the students in the physics class were women, the selected group can still be seen 
as representative for the whole class with regard to gender distribution. 

This study is based on three sources of data: video recordings, field observation and focus 
group interview. The field observations complemented the bulk of the data, which were 
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collected by means of video recording of the student group during eight of the 11 exercise 
sessions of the term. The use of video over the course of a term made it possible to look for 
patterns of interaction or how the interaction developed for this specific group. Field 
observations were used as background information to assess whether what we observed in the 
video material was representative of what happened in the other groups. The focus group 
interview made it possible to investigate the possible reasons for what we observed in the 
video material. In this paper, the interview with the group was the main source of data.  

The exercise sessions were followed closely throughout the term. The researcher was in 
contact with the student groups as well as the teachers, and gained general knowledge about 
the learning labs with regard to the different choices that were made, the restrictions that 
emerged, the teachers’ immediate impression of how the students fared and how the exercises 
seemed to be received by the students.  
Immediately after the last exercise session, the focus group interview was conducted. The 
students were interviewed mainly about their experiences in the learning labs. A focus group 
interview is potentially an effective way of obtaining the students’ collective experiences 
from the learning labs (Robson, 2002). In addition, owing to the openness of the focus group 
interview, the students may emphasise aspects that are not evident in the other data sources. 
As such, a focus group interview can provide a suitable supplement to the other data sources 
(Johannessen, Tufte, & Christoffersen, 2004). After transcription of the interview, the 
different sections were coded, using codes that as much as possible reflected what was 
actually being said. The transcription was read and reread several times, which resulted in 
some adjustments to the codes. This descriptive analysis (Wibeck, 2011) resulted in aspects 
that do not represent the entire interview, but help to describe what the students find important, 
and furthermore how these aspects can relate to the evolvement of a joint workspace in the 
video material. 

RESULTS 
Before presenting the aspects that emerged from the interview, I present findings obtained 
from the video recordings of the group. These are important as they shed additional light on 
the emergence of joint workspace. In the video material I found that the emergence of 
exploratory processes and especially explanatory processes dropped off during the term. Less 
time was used working on the IWB, and the students used it more for pure insertion and 
clarifying processes. This could be attributed to the demise of a temporary novelty effect of 
the presence and use of the IWB as a fancy new technological tool. But the video material and 
the field observation suggest that this was not necessarily the only reason why the students 
tended to spend more time in silence over their own notes. A further review of the video 
material indicates that the interactions and discussions between the students also changed in 
both character and content during the course of the term. Roughly, it is early on in the term 
that we find the more animated and conceptual discussions, or occurrences which resemble 
the epistemological framing termed ‘discussing’ (Scherr & Hammer, 2009). It is also here that 
we find the bulk of occurrences termed exploratory and explanatory processes. In the latter 
half of the video material, the occurrences of elaborate discussions between the students are 
more scarce and the content of the discussions more often deals with clarifying physical units 
or other basic topics. Although a necessary part of the collective meaning-making process, 
discussions of units can be perceived as superficial compared with the more in-depth 
discussions and inquiries that characterised the problem solving at the start of the term. On the 
whole, we can say that the occurrences termed joint workspace decreased during the term. 
The potential reasons for this are explored using the interview data.  
The analysis of the interview resulted in two main aspects: internal and external aspects. The 
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aspects that are termed internal refer to the group members’ interaction or other issues that 
seem to have their origin within the learning labs. The external aspects can be perceived as 
organisational, i.e. referring to the choices and boundaries that the teacher had made. 

Internal aspects 
Common and personal goals 
In the interview, the students express that a common goal is to get good grades on the 
exercises. Grades seem to be a motivational aspect in themselves, but Henry expresses that 
the grades are also important for further studies and career. The students also emphasise the 
written feedback provided by the teacher as an incentive to do well on the exercises. The 
teacher humorously compared the students’ solutions to different popular movies, and the 
students appreciate what they recognise as an effort from the teacher, as opposed to merely 
marking the solution ‘approved’. One example of this written feedback is: “If this solution 
had been a Star Wars movie, it would definitely have been episode IV, which is chemically 
free from any ridiculously annoying characters”. 
In addition, the students state that they want to perform better than certain other groups they 
are working along. Toby expresses that his personal goal is to learn as much as possible 
during the exercise sessions, by being an active participant. He also says that he becomes a 
little competitive when it comes to being the first to complete the problems. Another common 
goal is to get the exercises completed on time. This particular group had a timetable that did 
not allow them to start up before the scheduled time, as opposed to several other groups that 
could start early and consequently finish early. In addition, the group did not always manage 
to complete the exercises within time. This was a cause for some frustration in the group. 
However, the students also acknowledge that they did not utilise their time well. 

Group dynamics 
Terry expresses that he does not work as fast as some of the others, and that his strategy has 
been to skip some problems and move ahead to problems that the others have not reached yet. 
Consequently, he was not as active in the collective problem solving, which according to him 
was centred around Henry and Toby, together with Andrew. Both Andrew and Terry express 
some frustration over the situations when the others apparently seemed to be well up to speed 
on the problem solving, but they themselves were not. Terry acknowledges that he (and 
others) could have been better at asking for help or support from the others, that it was not 
just a matter of offering help, but also seeking assistance. However, Andrew expresses a 
concern on this matter: 

Andrew: But often, the answer … Like, you get an explanation, but often when 
someone has asked me, or when I have asked others, then I’ve given a very half-assed 
explanation. And likewise when I’ve asked others as well. The explanation I’ve 
received has been very ‘Chop-chop-chop-chop! Next problem’. You want to go on, 
right? You notice it a lot in the explanations you get. 

Henry: We rush. 
Andrew: Mm. 

Henry: Because you know that if … someone explains something to you, then the 
others will start on the next [problem], and then you’ll be stuck behind, so it’s like … 

Andrew: And you don’t want that. 
Henry: No. 
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At one point during this discussion, Andrew makes a remark that resembles the finding from 
the video data: 

Andrew: It worked better in the beginning […] I remember that I, when I was up at the 
board and … actually, also when you were up at the board, it was … Then we 
explained while we wrote. Then the others would shut up and watch. But now it’s 
more like, […] one goes up to write, and then there is one person who watches. 

The combination of time limits, workload, effectiveness, and common and personal goals 
seemed to yield some consequences that are in conflict with each other: including the entire 
group in a collective problem-solving process, or asking for help, is omitted because it steals 
time from finishing the exercise on time. The easiest solution is to get the problems solved as 
quickly as possible, by those who are the quickest. 

External aspects 
External aspects also contributed to the students’ experiences and to the decrease in 
occurrences termed joint workspace. In the following excerpt, Toby is talking about his 
general experiences with the physics problems:  

Toby: Another thing is … like, if you learn something new on Wednesday morning … 
then we have physics in the two first hours … and then, if you learn something 
completely new, for example like impulse or some other things that you’ve never dealt 
with before … And then you get a huge task about that on the exercise session. Then 
you sit there and look frenetically through your notes to find what it is, and then ‘Yeah, 
what was meant by this’, and then ‘No, I don’t remember’, and then … it becomes sort 
of guesswork because you haven’t … at least for me … full control over it yet.  

The exercises dealt with topics that the teacher had lectured about recently, potentially even 
earlier the same day as the exercise sessions. This close temporal proximity between the 
lectures and the exercises can partly help to explain the decline in joint workspace, as found 
in the video material. The decreasing occurrences of elaborate, conceptual discussions could 
be caused by the fact that the students were not familiar with concepts necessary for 
discussing and solving the physics problems. 

Some positive external aspects also emerged from the interview. The students’ overall 
impression of the learning labs is positive and they talk about the learning lab and the activity 
there as the highlight of the week. In general, the students speak enthusiastically of the 
lecturer, both in the learning lab and in the lectures. He seems to influence the students’ 
positive experiences with the learning labs. Furthermore, the students perceive the IWB as 
contributing to their overall positive impression of the learning labs. The students do seem to 
think of it as fun and future oriented. They also talk about the ease with which they can hand 
in their solutions, and of the advantages of being able to store their solutions for later retrieval 
(e.g. for exam preparation). Andrew, however, emphasises that during the sessions, ‘There’s 
nothing special about it [the IWB] that makes it: “Ooh, like, we learn much more”. No, it’s 
just fun!’ However, they do recognise the ability of the IWB to make the problem solving 
visible and accessible to the whole group. Terry suggests that this visibility to a certain extent 
counterweights the fact that he was not always up to speed with the collective problem-
solving process. 
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Structure 
The students emphasise a structured, mandatory time and place being set up for the groups to 
complete the exercises as a positive aspect: 

Toby: That’s the thing, that, the physics sessions are very structured, because you have 
… three hours where we are to complete the exercise. Compared to math and 
everything else it is … we must do that in our spare time. This is more structured and 
it’s easier to focus on exactly [inaudible], because we are there, we are all there, 
around a table, and we do it.  

This utterance from Toby is somewhat typical: the students tend to compare the learning lab 
to other exercise situations they have experienced in other courses, either contemporary or 
past. Looking at the students’ comparison to the more informal teacher assistant classes in 
other courses, we see that at least two factors are missing in the teacher assistant classes. First, 
the teacher assistant classes are not compulsory, which means that the students can choose to 
attend these classes or they can choose to solve the exercises for themselves another time. 
Secondly, these teacher assistants are typically second or third year engineering students. 
When the students compare the learning labs led by the teacher and the teacher assistant 
classes, they may perceive the teacher as the more authoritative and knowledgeable person. 

A close link between lectures and exercises 
In addition to structure, the students seem to appreciate that there was a close link between the 
lectures and the exercise sessions, as Terry elaborates:  

Terry: Every time he [the teacher] mentions … Uh, brings us a bit into … a problem in 
the lectures, I think it’s a bit more cool to start on the problem [in the exercise 
sessions], ‘Oh yes, it was that problem! OK, but this we have already started on in the 
lecture’ […] So every time he [the teacher] has mentioned a problem that will be on 
the upcoming exercise […] in the preceding lectures, it is an advantage. 

Henry: I’ve noticed in the lectures, if he [the teacher] says ‘This here may be essential 
on the exercise’, then you see all go, like from there, to THERE! 

In the last sentence Henry enhances his verbal utterance by changing from sitting relaxed on 
the chair to sitting straight up on the edge of the chair, to illustrate the students’ sudden 
heightened interest in the lectures. As Terry notes, the teacher linked the content of the lecture 
and the exercises closely together. In the video material there are numerous examples of the 
students making direct or more subtle references to the lectures. So while the students 
perceive the close link between the lectures and the exercises as a positive aspect of the 
learning labs, they also recognise an unfortunate effect of this, which is identified as a (too) 
close temporal proximity between them. 

DISCUSSION 
In the interview, the students pointed to aspects, both positive and negative, that are important 
in order to further develop the learning labs as an approach to learning in engineering 
education. How these aspects could help to explain the evolvement of occurrences termed 
joint workspace is now discussed. When looking at the external aspects, the students describe 
a group-work scheme, which in principle is more structured than teacher assistant classes in 
other courses. Furthermore, they perceive the close link between the lectures and the exercise 
sessions as a positive aspect. The teacher also plays a role in this. He is the one who 
orchestrates both the lectures and the exercise sessions, and is also present at both events. He 
is also the one who grades and gives written feedback on the students’ solutions, contrary to 
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ordinary practice, where a teacher assistant (typically a second or third year engineering 
student) is used as a tutor in exercise sessions. Scherr and Hammer (2009) make a connection 
between what they term ‘green behaviour cluster’ (discussion framing) and reasoning about 
causal mechanisms, as described by Russ, Scherr, Hammer and Mikeska (2008). Scherr and 
Hammer (2009) conclude that reasoning about causal mechanisms correlates with animated 
speech and gestures, and they suggest that gesturing is a necessary part of making sense of 
mechanisms, as well as being a non-verbal way of communicating with others. However, 
Scherr and Hammer note that animated discussions are not always appropriate throughout the 
entire problem-solving process; students need to spend some time gathering their own 
thoughts (i.e. completing the worksheet) before they start discussing. In this case, however, 
the students seem to reach a ‘discussing’ framing to a decreasing degree. Toby said that 
problem solving was reduced to guesswork and attention to rudimentary details. He connected 
this to a close temporal proximity between the lectures and the exercises. This is in 
accordance with observations made in the video material of the group: towards the end of the 
term, the students seemed to spend more time on their own than in discussions with each 
other. The discussions that did arise tended to be more about definitions of units and concepts, 
rather than conceptual discussions. In this sense, the students rarely dealt with the physics 
problems in terms of reaching a solution (Berge & Danielsson, 2013), which is characterized 
by reducing, expanding and contextualising the problems. 

However, this close temporal proximity existed from the very beginning of the term. The 
question is, then, why are there elaborate discussions at all? We can partly explain this by the 
fact that in the first half of the term, the students were working on physics problems dealing 
with classical, linear mechanics; a topic that at least in principle should be familiar to the 
students. In order to begin engineering studies, a student needs to have learned some basic 
physics and mathematics in advance, equivalent to the curriculum from upper secondary 
school. Later on in the term they had to solve problems dealing with rotational dynamics, 
fluid mechanics and thermodynamics, and these are topics that are not part of, or that are 
treated more superficially in the upper secondary curriculum. As a result, the students may 
very well take a more instrumental problem-solving approach (Bang, 2001), characterized by 
concerns over rudimentary details, which may detract attention from the ‘real’ issue of the 
physics problem in question. 

When looking at the internal aspects, the students describe a group-work situation, which is 
characterised by conflicting common and personal goals, resulting in a group-work dynamics 
that does not always include the entire group in the problem-solving process. The students’ 
primary attention on finishing the exercises on time seems to indicate that the students felt 
that there were limited opportunities for giving or receiving any thorough explanations to the 
physics problems. Henry, in particular, was concerned that he could not take the time to 
thoroughly help others, as he would then risk falling behind. This could be related to the 
informal intragroup competition that some of the students mentioned. Competition, or a 
competitive situation, can be described as “individuals [working] against each other to 
achieve a goal that only one or a few can attain” (Johnson & Johnson, 1989, p. 4). However, 
in this case every group could ‘win’ in principle. The teacher did not grade the groups along a 
normal curve, and therefore a grade A was attainable for all of the groups. Furthermore, the 
video material shows that on some occasions, students belonging to different groups 
consulted each other. In a strictly competitive situation one would expect the students to 
withhold information or newly gained insights from other groups, if the goal really was to 
obtain high grades at the expense of others. If we instead turn our focus to the group in 
question here, and interpret the solution and understanding of the physics problems within the 
given time limit as a goal that only a few could attain, the picture changes. In this context, 
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wasting time on giving other group members elaborate explanations of things that you already 
understand is clearly a hindrance for you in reaching your goal. As the groups were assessed 
solely based on the solutions they handed in, the students were not interdependent on each 
other in completing the exercises (Blumenfeld, Marx, Soloway, & Krajcik, 1996). A possible 
consequence of this is that the solution and understanding of the solution were left to those 
who were the quickest. In this perspective, the challenge of establishing a joint workspace can 
be attributed to what the students perceive as effective use of a limited time resource. In 
addition, the students’ utilisation of the available time must be taken into consideration, as 
emphasised by Terry and also observed in the video material. 

The close temporal proximity between lectures and exercise sessions, along with an informal 
competition that emerged within the group, are aspects that together may contribute to the 
decrease of occurrences which constitute a joint workspace. The lack of joint workspace can 
be seen as contradictory to the whole idea of group work, where interaction and elaborate 
discussions play a key role in the meaning making process for each member of the group. 
One major limitation of this case study is that it involved only one student group. Furthermore, 
this was an all-male group, which in this particular context can be seen as representative but 
in a broader perspective calls into question the validity of the findings with regard to gender 
distribution. The students in this case study seemed to appreciate that the learning labs were a 
structured, compulsory part of the physics course. The IWB was a tool for the students to 
achieve their goal, namely high grades. Other studies suggest that students prefer more 
informal, non-obligatory discussions as opposed to organised group work (Bungum, Hauge, 
& Rødseth, 2012). Therefore, the findings from this study should be investigated further, not 
only with regard to gender, but also with regard to educational and institutional context. 
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Abstract: This study is part of a European project that aims to design new 

microcomputer-based laboratory (MBL) activities to be used in secondary and high 

school to enhance on students scientific competencies. The aim of this work is to 

design and to implement research-based teaching materials that take advantage of the 

use of MBL and promote scientific competencies in students. 

Researchers from six universities belonging to five EU countries have collaboratively 

designed a new research-based framework for MBL activities.  Activities are context-

based and inquiry guided. When students take experimental data, it is proposed a 

Predict-Observe-Explain (White & Gunstone, 1992) sequence. The main scientific 

competencies that the designed activities aim to enhance in students are the design of 

experiments, the interpretation of results and its communication. First versions of 

activities have been translated into national languages (German, Czech, Slovak, 

Finnish and Catalan) to be implemented. The study has been conducted with 865 

students from five countries who have implemented the activities. Students answered 

a post-implementation questionnaire to elicit if they believed that they knew the 

objectives of the activities and if they really did. They were also asked if MBL helped 

them to interpret the results and if the activity could have been done without such 

equipment. 

Results obtained in this study suggest that the research-based learning materials 

designed to work with MBL are useful and of quality as most students in different 

countries understand the point of the activities, and most of them think that these 

activities help them to learn and that the activities could not be done without MBL. 

Nevertheless, differences in results have been obtained for some activities. The results 

of this research will be used to refine teaching materials. 

Keywords: science competencies, MBL microcomputer based laboratory, secondary 

school science, competencies in the laboratory 
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BACKGROUND 

This study is part of a European project that aims to design new microcomputer-based 

laboratory (MBL, Thornton 1990) activities to be used in secondary and high school 

to enhance on students scientific competencies.  Performing MBL, also called real 

time experiments, allows students to work out many features of science competencies, 

having a quick and continuous interaction with new learning that they acquire. In this 

technology (Figure 1) one or more sensors are connected to an interface and/or to a 

computer so that the results of the experiment are obtained in real time. That is 

students can see the graphs of the experiment at the same time that they are obtained. 

 

 

Figure 1: Example of Microcomputer Based Laboratory Technology. Students can 

see the results and the graph of the experiment in real time (image M. Tortosa). 

 

This tool supports a constructivist view of education and allows working high order 

learning skills (Aksela, 2005). A user-friendly data logger supports a better teacher 

implementation (Lavonen et al, 2003). Sheppard (2006) states that MBL equipment, 

used with a Prediction-Observation-Explanation (POE) view is a powerful tool to 

evaluate students’ learning in a great variety of topics. 

The proposal of MBL instructions presented as an inquiry-guided activity and 

structured as a learning cycle has revealed to be effective in achieving significant 

learning. A classroom management style that promotes student verbalization and 

interaction is desired. It is important to minimize technical complications assuring a 

assuring a good experience of using the hardware and software. Previous research-

based frameworks for practice in MBL activities have been suggested (Pintó et al, 

2010; Espinoza & Quarless, 2010; Tortosa, 2012). Students generally express that 

MBL is easy-to-use technology, that motivates them and that it helps them to improve 

their understanding in science. 

Rationale 

The aim of this work is to design and to implement research-based teaching materials 

that take advantage of the use of MBL and promote scientific competencies in 

students. 

The objectives of our work are twofold: (1) To obtain research-based teaching 

materials on real-time experiments that enhance scientific competencies in secondary 

and high school students, and (2) to answer the questions: “Do students understand 

the objectives of the research-based designed activities?”, and “Do students feel that 

MBL helps them learning?” 
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We want to know if students see the point of these new designed learning materials 

that have been implemented by teachers in different European countries both at 

schools and in workshops at university. This will give us data on the quality of the 

preliminary version of the activities. We agree with previous studies (Lijnse, 2004) in 

the fact that  it is necessary that students see the point of what they are doing, so that 

the process of teaching and learning probably makes more sense to them. 

 

METHOD 

An exhaustive review on literature related to the topic has been made. The authors of 

this work, from six universities belonging to five EU countries have collaboratively 

designed a new research-based framework for MBL activities (Figure 2). 

 

 

Figure 2: Research-based framework for MBL activities and examples. A) general 

framework, B) a specific framework for „Body motion“  activity (Physics), C) 

a specific framework for „Antacids“ activity (Chemistry) 

 

The framework proposes that each activity has five parts: (i) an engagement, in which 

a relevant problem is exposed and a question intended to solve the problem emerges. 

The storyline of the whole activity consists on activities that lead pupils to answer the 

question to solve the problem; (ii) a warming up phase, which aims at making the 

MBL equipment needed familiar  to students and to emerging students’ previous ideas 
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on the scientific concepts worked during the activity; part of this warming up phase 

can be skipped depending on the skills of students; (iii) a design and conducting the 

experiment phase in which students are guided so that the experiment they design is 

valid and reliable, students are asked to predict their expected results; (iv) in the 

drawing conclusions phase, pupils are directed to interpret the results that they 

obtained, to compare  them with their predictions and with the theoretical model and 

to make conclusions; (v) in the last part communicating the results, students are asked 

to communicate their conclusions in a variety of ways. 

 

Activities for Chemistry, Physics and Biology have been created. They are context-

based and inquiry guided. When students take experimental data, it is proposed a 

Predict-Observe-Explain sequence.  First versions of activities have been revised 

(Figure 3), and translated into national languages (German, Czech, Slovak, Finnish 

and Catalan), before being implemented with secondary school students. 

 

 

Figure 3: Process before the first implementation of the activities designed 

 

In order to validate the framework created in this research, activities have been 

implemented with 865 students from five countries (Table 1). In Austria, Czech 

Republic and Slovakia students went to university to be taught by one of the 

researchers as teachers in the session; in Finland in some cases the researcher went to 

schools to implement the activities and in some other the implementation was done at 

university. In Catalonia (Spain) activities have been implemented at current schools 

with their current teachers, who had a two-session training course before 

implementation. Students answered a post-implementation questionnaire; their 

answers to four questions are presented: 

1. Do you understand the objectives of the activity? 

2. List the objectives of the activity. 

3. MBL approach helped me to interpret the results correctly. 

4. The activity could have been done without MBL equipment. 
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Table 1 

Number of students who implemented the activities. S: at school; U: at university 

Partner Country Physics Chemistry Biology Total 

UAB Spain 46  S 186 S -- 232 

CU 
Czech 

Rep 
-- 126 U 76 S 202 

UW Austria 40 S/U -- -- 40 

UB Spain 98 S 83 S -- 181 

UH Finland -- 168 S/U -- 168 

UMB Slovakia -- 42  U -- 42 

Total   184 605 76 865 
 

In questions 1, 2, and 4 students choose from a four-level Likert scale ranging from 1 

(strongly agree) to 4 (strongly disagree); question 2 is open, answers have been 

classified ranging from 1 (very good answer) to 4 (totally erroneous answer). 

Data were analysed in different ways: descriptive analyses, statistical analyses of 

mean, analysis of frequencies and comparative analysis (subject, country, age, 

gender). Significance was determined based on Kurskal-Wallis test or based on 

Mann-Whitney U test (significant level 0.05). 

 

RESULTS 

In table 2a can be seen that most of students (91.6% of answers) say that they 

understand the objectives of the activity (most frequent answers 1: totally agree and 2: 

agree). That is students think that they understand what they are doing.  When 

students are asked to list the activities, we have obtained (table 2b) that more than half 

of the answers (54.7%), are good or very good, although the highest frequencies are 

for 2 (good answer) and 3 (bad answer). 

In summary 9 out of 10 students think that they understand the objectives of the 

activities, but only 5 out of 10 do. This is a crucial result to be taken into account with 

the objective of improving them when we obtain the new version of the activities, and 

the didactic guides supporting teachers. Significant differences (Kruskal-Wallis test, 

significant level lower than 0.05) have been found between understanding the 

objectives in Physics and Chemistry activities (Figure 4), and between the places of of 

implementation: students claim better understanding of the objectives when the 

activities are implemented at University. No significant differences were found 

between countries (table 3), except in one case that can be attributed to the subject 

implemented. 

Students say that MBL helps them to interpret the results (91.4% of answers), and that 

the activity could not have been done without MBL (Table 4). We consider these a 

very positive result, because the objective of the research is to obtain activities that 

take advantage of the use of MBL, but not classical (no research-based) activities that 

use sensors. 
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Table 2 

Frequencies and percentages to the questions (a) I understand the objectives of the 

activities and (b) List the objectives of the activity. 1. Totally agree/totally correct. 4. 

Totally disagree/totally erroneous answer 

(a) I understand the objectives of the activity 

Valid  Frequency Percent 
Valid 

percent 

Cumulative 

percent 

 1  387  44.7  45.9  45.9 

 2  386  44.6  45.7  91.6 

 3  58  6.7  6.9  98.5 

 4  13  1.5  1.5  100.0 

 Total  844  97.6  100.0  

Missing 0  21  2.4   

Total   865  100.0   

 

(b) List the objectives of the activity 

Valid  Frequency Percent 
Valid 

percent 

Cumulative 

percent 

 1  118  13.6  16.3  16.3 

 2  277  32.0  38.4  54.7 

 3  240  27.7  33.2  88.0 

 4  87  10.1  12.0  100.0 

 Total  722  83.5  100.0  

Missing 0  143  16.5   

Total   865  100.0   

 

  

Figure 4: Answers to the question: “List the 

objectives of the activity”. 1: totally 

erroneous answer. 4: Very good answer 

Comparison of subjects  

Figure 5: Answers to the question “List 

the objectives of the activity”. 1: totally 

erroneous answer. 4: Very good 

answer. Comparison of 

implementations at school and at 

university 
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Table 3 

Frequencies and percentages to the question “MBL helps me to interpret the results” 

1: Totally agree, 4: Totally disagree. 

MBL helps me to interpret the results 

Valid  Frequency Percent 
Valid 

percent 

Cumulative 

percent 

 1  388  44.9  45.6  45.6 

 2  389  45.0  45.8  91.4 

 3  58  6.7  6.8  98.2 

 4  15  1.7  1.8  100.0 

 Total  850  98.3  100.0  

Missing 0  15  1.7   

Total   865  100.0   

 

 

Figure 6: Answers to the question: “MBL helps me to interpret the results” 1: Totally 

agree; 4: Totally disagree. Students performing the activity at University have the 

perception that MBL helps them more 

 

Table 4 

Answers to the question: “The activity could have been done without MBL” 1: Totally 

agree; 4: Totally disagree. 

The activity could have been done without MBL 

Valid  Frequency Percent 
Valid 

percent 

Cumulative 

percent 

 1  47  5.4  5.8  5.8 

 2  149  17.2  18.2  24.0 

 3  349  40.3  42.7  66.7 

 4  272  31.4  33.3  100.0 

 Total  817  94.5  100.0  

Missing 0  48  5.5   

Total   865  100.0   
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CONCLUSIONS AND IMPLICATIONS 

A new research-based framework for MBL activities in secondary and high school 

has been designed. Chemistry, Physics and Biology activities have been designed 

using it, and have been implemented with students. After implementing the activities 

most of students (91.6%) say that they understand the objectives of the activities, that 

MBL helps them to interpret results (91,4 %) and that the activity could not have been 

done without MBL (76%). Nevertheless difficulties emerge when students are asked 

to list the objectives and although more than half of them (54.7%) do it correctly, we 

think that this result, even being partly positive, being the first time that students are 

faced with MBL, should be improved and must be taken into account to obtain the 

new versions of the activities and the didactical guides for teachers. 

No significant differences between countries or between boys and girls have been 

found. In three of the four items studied, differences have been obtained in the 

answers of students when the activity is performed at universities or at school. 

Students think that they understand better the activities at University, their answers 

ate better, and they even think that the MBL equipment helps them more when the 

activity is performed at university. 

In future research we suggest to study in depth the differences between the place of 

implementation, also to study similarities and differences between single activities 

and to pay attention to the 9% of students that say that don’t understand the activities 

and that MBL does not help them.  
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Abstract: In this paper we examined the information resources students used in order 

to create learning artifacts in the context of the SCY-Lab platform, which is a 

computer supported inquiry learning environment. Specifically, 18 eleven-graders 

worked in groups of three for the completion of a SCY-Lab science mission, namely 

the “Design a CO2-friendly house”. Throughout the mission, students gathered 

information from a number of scientific information resources and created several 

learning artifacts. The data collection involved screen-captured data (audio and video 

recording) throughout the intervention, and interviews with nine students, after 

carrying out the mission. The data analysis revealed that for the construction of 

specific learning artifacts, students were using information coming from a particular 

type of information resources, even though the same information could be found in 

other instructional resources as well. Overall, the most favorable resources were 

videos and websites with short texts and other complementing resources of 

information, such as pictures, graphs and animations. In contrast, websites and SCY-

Lab text with long text were not very appealing to students as it required a lot of time 

to read and gather information. In addition, after the completion of several learning 

artifacts, students tended to use these completed artifacts as information resources 

rather than the original information resources provided through the platform. This 

approach seemed to save students valuable time since they could find the core 

scientific concepts and evidence needed to address the mission’s tasks much easier 

and faster than revisiting the original information resources. 

Keywords: information resources, inquiry learning, computer-supported learning 

environments 

 

SUBJECT/PROBLEM  

Inquiry oriented teaching and learning has received attention as part of an effort to 

bridge the gap between teaching and authentic scientific practices. In fact, it has 

dominated the interest of many researchers and educators over the past few decades 

(e.g., Abd-El-Khalick et al., 2004; Anderson, 2002; de Jong, 2006; de Jong & van 

Joolingen, 1998; Sandoval & Reiser, 2003), because it has been associated to 

effective teaching and learning practices (Anderson, 2002). 

Inquiry has also been associated with technology. Technologies, particularly 

computer technologies, have become commonplace in the practice and advancement 

of science. Being integral to scientific practice, computer technology inevitably 

becomes an integral part of inquiry as a teaching and learning approach (Songer, 

1998). In the last three decades, there has been an especially rapid infusion of 

computer technologies into classrooms and a wide array of these technologies has 
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been used in education through an inquiry-based approach, including simulations, 

virtual labs, microworlds, multimedia, hypermedia, telecommunications, web-based 

databases, etc. Evidence is accumulating that this kind of learning has advantages 

over traditional, more expository forms of instruction (Linn, Lee, Tinker, Husic, & 

Chiu, 2006).  

Learning in computer supported learning environments can only assume shape if there 

is available information that allows learners to extract relevant data that are needed 

for the process of shaping their growing knowledge (van Joolingen & Zacharia 2009). 

According to van Joolingen and de Jong (2003), such information is coming from 

varying resources and aim at complementing learners’ prior knowledge and setting 

the basis for the production of new understandings. Given that this external input of 

information is of great essence for producing new knowledge, it becomes an 

imperative need to know what resources of information learners need. Unfortunately, 

the literature of the domain reports that we know very little about the resources of 

information that students prefer using when undertaking a learning task, especially in 

science education (Zacharia, Xenofontos, & Manoli, 2011).  

The purpose of this study was to examine the resources of information students used 

in order to create science-oriented learning artifacts in the context of the SCY-Lab 

mission “Design a CO2-friendly house”. The SCY-Lab is a web-based platform 

grounded on inquiry, knowledge building and learning by design (de Jong et al., 

2010). In this context, knowledge is reflected though the development/construction of 

learning artifacts, such as, concept maps, models, graphs, tables etc. Creating learning 

artifacts are aligned with the basic constructivist principles of inquiry and 

collaboration, as well as with constructionist principles (Zacharia, et al., 2011; Papert, 

1980). According to Papert (1980), the produced learning artifacts reflect ones 

understanding. Thus, a learner’s conceptual understanding could be captured through 

the evaluation of his/her learning artifacts.  

Investigating the resources of information that students use in order to create science-

oriented learning artifacts is particularly important because it could provide us with 

valuable insight for designing science learning environments, computer-based or not, 

that include information resources that fit better the learning profile of the students.  

 

METHODS 

The participants were 18 (10 females and 8 males) eleventh graders from a public 

high-school in Cyprus. The implementation of the “Design a CO2-friendly house” 

mission was carried out by a biology teacher and its duration was 16 three-hour class 

meetings. The students were divided into groups of three and followed the jigsaw 

approach. At the beginning of the mission students formed design groups of three, 

they then worked in expert groups of three and towards the end of the mission they 

returned back to their design group. In order to complete the mission students created 

several learning artifacts. In this study, we focused on four specific artifacts (the 

concept map on CO2 emissions, the inventory of expert solutions, the house choices 

map and the final report; see Table 1).  

Data collection included computer screen video-audio capture data and semi-

structured interviews (n=9). The computer screen video-audio data (e.g., actions, 

sounds/talk) were analyzed and coded/clustered based on students’ actions/practices 

(e.g., visiting website, watching videos, reading text, etc.) using open coding (Cohen’s 
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Kappa = 0.89). The results were then represented in time-line graphs (Schoenfeld, 

1998) plotting the time vs. the clusters of actions/practices. The interview data were 

also analysed using an open coding method, looking at which type of resource(s) 

(video, website, text, existing artefacts) were more helpful and why based on 

students’ responses.  

 

RESULTS 

The analysis of the screen captured data resulted in eleven categories of student 

actions (see the legend of Figure 1 for the resulted categories). Table 1 provides the 

four artifacts investigated in the study, a short description for each one of them and 

the average time students spent in five of the above categories.  

 

Table 1  

Average time distribution among cluster for the four Artifacts  

 

 

 
Artifact Description 

Visited Resources / Mean 

time 

Mean 

time of 

Construc

tion 

1 Concept 

Map on 

CO2 

emission 

Students construct a 

concept map on CO2 

emission and related 

ecological problems 

using the SCYMapper 

tool. 

 

(1) Scy-Lab websites / 11:11 

(2) External websites / 7:49 

(3) Scy-Lab videos / 22:30 

(4) Scy-Lab text / 1:07 

(5) Re-visiting existing  

     ELOs / -- 

66:32 

 

2 Inventory 

of Expert 

Solutions  

Students use the 

SCYMapper tool to 

present a list of 

recommendations for a 

CO2 friendly house 

according to energy, 

thermal and domestic 

use issues. 

 

(1) Scy-Lab websites / 0:45 

(2) External websites / 4:45 

(3) Scy-Lab videos / -- 

(4) Scy-Lab text / -- 

(5) Re-visiting existing  

     ELOs / 10:39 

23:56 

3 House 

Choices 

Students use the 

SCYMapper tool to 

present their final 

choices for their CO2 

friendly house. 

(1) Scy-Lab websites / -- 

(2) External websites / 1:46 

(3) Scy-Lab videos / -- 

(4) Scy-Lab text / -- 

(5) Re-visiting existing  

     ELOs / 5:32 

 

 

 

 

18:28 
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4 Individual 

Report  

Students use the Word 

tool to write a report 

to the mayor of their 

city about CO2 

emissions and CO2 

friendly houses.  

(1) Scy-Lab websites / -- 

(2) External websites / 1:25 

(3)Scy-Lab videos / 0:30 

(4) Scy-Lab text / -- 

(5) Re-visiting existing  

     ELOs / 7:57 

 

40:45 

 

According to Table 1, during the construction of the Concept Map artifact, students 

visited all the resources (videos, SCY-Lab or external websites, SCY-Lab texts) and 

gathered information. They spent more time watching videos (22:30min) and visiting 

websites that included short texts and were complemented with pictures, graphs and 

animations (11:11min). They spent much less time reading SCY-Lab texts (1:07min). 

Since the Concept Map was the very first artifact, students could not gather 

information from other artifacts. However, during the construction of the other three 

artifacts, students preferred visiting mainly the existing artifacts, in order to gather 

information, instead of revisiting the original resources (see Figure 1). Surprisingly 

this trend/pattern was followed by all participants. 

 

 

Figure 1: Graphical representation for the construction of the House Choices artifact. 

Y-axis key:(1) visiting SCY-Lab websites, (2) visiting websites outside SCY-Lab, (3) 

watching SCY-Lab videos, (4) reading through SCY-Lab texts, (5) discussing with 

peers, (6) discussing with teacher, (7) construction of artifacts, (8) revisiting existing 

artifacts, (9) reading though instructions, (10) searching through glossary and (11) 

carrying out other activities.  
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The analysis of the interview data triangulated the video captured data analysis. 

Specifically, it was found that the majority of the students felt that the websites with 

short text, but rich in information and pictures, were the most useful resources of 

information, particularly for getting the science content needed for the development of 

an artifact. They explained that it was the only information resource that included 

concepts and evidence accompanied with well articulated details and examples (with 

the pictorial examples being the most favorite). In contrast, the students held a 

negative attitude towards the size of the text included in some websites and SCY-Lab 

text, which in a way contradicts the fact that they wanted well articulated details and 

examples. In terms of the other resources of information available on SCY-Lab, 

students showed preference in using videos and simulations. They mentioned that the 

videos were useful because it provided them with an overview of the task under study 

(e.g., what the task is about), whereas the simulations were useful because they 

enabled them to identify the variables involved in the phenomenon under study. In a 

way both of these information resources were supporting students to focus on what 

directions to follow in their quest to address the mission at task. For instance, after 

using the videos and simulations they were more capable on identifying the relevant 

science content from the SCY-Lab websites afterwards.  

 

DISCUSSION  

From the results of the study, it is evident that the information resources provided the 

students with ample of good information in order to produce the artifacts needed in 

order to complete the “Design a CO2-friendly house” mission. Overall, the student 

showed preference in information resources that enabled them to orient themselves in 

the mission (what the mission is about and what directions I might take to address the 

mission’s problem/task), such as the videos and the simulations, and to information 

resources that provided the science content and evidence in relatively satisfactory 

level of detail, such as the SCY-Lab websites. 

Such findings are particularly important for researchers and educators aiming to 

design science learning environments for their students. From this study it appears 

that secondary school students, first, need information resources that provide a sense 

of orientation and, second, information resources that provide the science content and 

evidence needed to address the task under study. Of course, further research is needed 

to reach to solid conclusions and to check whether these findings hold for larger 

samples and across K-16. 
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REALITY IN VIRTUAL SPACE: MICRO-WORLDS FOR 

TEACHING GEOMETRY 
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Abstract: Second Life (SL) is a huge simulation of an Earth-like world and can be used as a 

platform for building immersive virtual simulations in which the student can experience 

alternative physical descriptions in a way that is completely impossible in real world. This 

research was developed using a Qualitative approach based on a case study in order to 

investigate the potential of a 3D immersive microworld we have built in Second Life to help 

students in building spatial geometry concepts about polyhedra within Papert’s constructionist 

theoretical framework. It has six rooms and interacting objects, strategically arranged according 

to Filatro’s Instructional Design and van Hiele levels, which are able to interact with learners, 

helping them to build definitions about the polyhedra. The objects give feedback and encourage 

students’ progression through the rooms, without emphasis on the assessment tasks being 

completed. During the school year 2012, second and third year students from two South 

Brazilian from one private and one public high schools participated in the experiment. Here, we 

will analyze the interactions of one of these 26 experimental classes. 

Keywords: Computer Supported Learning Environments, Mathematics education in Second 

Life, microworlds, instructional design, educational technologies 

 

 

INTRODUCTION 

According to Papert (1980), microworlds
1
 can become a context for the construction and 

toleration of "wrong" (or, rather, "transitional") theories that teach us as much about theory 

building as true ones but are not tolerated in schools. 

Second Life (SL) is a vast simulation of an Earth-like world and a viable and flexible platform 

for microworlds and simulations (dos Santos, 2012). Once the SL user has logged in and taken 

on an inworld digital representation in the form of an avatar, she can enjoy the 3D scenery, 

interact with other avatars, or create objects, which can be made interactive through its Linden 

Scripting Language (dos Santos, 2012).  

In this paper, we investigate the potential of a 3D immersive microworld we have built in 

Second Life to help students in building spatial geometry concepts about polyhedra within 

Papert’s constructionist
2
 theoretical framework.  

 

MATERIAL AND METHODS 

The van Hiele model (van Hiele, 1985; Burger & Shaughnessy, 1986) distinguishes five levels 

of thinking in geometry. At visualization level, the student recognizes figures by their 

appearance, without explicit regard to properties of its components. At analysis level, the 

students recognize their properties but do not yet order or relate them to each other. At 

abstraction level, the student orders and deduces properties one from another and can 

distinguish between the necessary and sufficient properties in determining a concept. At 

deduction level, the student reasons formally with axioms, definitions, theorems, and an 
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underlying logical system. At the rigor level, the student can compare various geometries and 

systems based on different axioms even in the absence of concrete models.  

According to van Hiele (1985), a student progresses through each level of thought as a result of 

instruction organized into five phases of learning. In the inquiry phase, the teacher presents the 

material to the student, who may discover some structure from it. In the directed orientation 

phase, the teacher chooses the material that will gradually reveals its structure to the student. In 

the explicitation phase, students learn to express their opinions about the structures using the 

habitual terms. In the free orientation phase, the subject is for the most part known, and the 

teacher assigns open-ended tasks. In the integration phase, the student tries to condense the 

domain into one whole. 

During the school year 2012, second and third year students from two South Brazilian from one 

private and one public high schools participated in this experiment. Here, we will analyze the 

interactions of one of these 26 experimental classes. 

The laboratory has six rooms within which objects, strategically arranged according to Filatro’s 

Instructional Design and van Hiele levels (van Hiele, 1985; Burger & Shaughnessy, 1986), are 

able to interact with learners, helping them to build definitions about the polyhedra. These 

objects give feedback and encourage students’ progression through the rooms, without 

emphasis on the assessment tasks being completed. 

In the first room (Figure 1), each solid asks an open question to the avatars, aiming at revealing 

student's previous concepts. In the second room, some of the solids respond to stimuli with 

counter-arguments, stimulating the apprentices to carry out clarifications on the concepts of 

edge, face and vertex. Next we have the Plato room, which explores the Euler's polyhedron 

formula and the concepts of concave and convex solids and regularity. In the fourth room, eight 

properties of polyhedra are scattered around a square based pyramid that reveals, every second, 

its inner right triangle; the student must recognize the existing four true statements, each error 

implying in having to restart the activity. The fifth room exhibits the construction of a right 

tetragonal prism; only after correctly answering the last one from a few questions the student 

will proceed to the next room. The last room covers the concepts of surface, volume of prisms, 

and pyramids; here, through questions and animations, five solids stimulate the connections 

among these concepts. 

 

 
Figure 1. First Laboratory Room. Welcoming the avatars and identifying learner’s previous 

knowledge about the concept of polyhedra. 
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Inspired by Bakhtin’s ideas (1987), Lunkes, Selli & Prates (2008) believe that by recording the 

ideas devoid of bodily expressions, their issuers redouble attention in expressing themselves 

through written language. The interactions realized through chat during a lesson in the virtual 

environment could become fundamental to evaluate the positions taken by both the teacher and 

the learner on knowledge production. Therefore, the interactions between learners, objects, and 

teacher were made through SL chat channel. 

We now proceed to the analysis of relevant excerpts of text chat interactions of one of 26 

experimental classes according to the van Hiele model. The participants in this session are the 

avatars barney14 (student) and jairoweber (teacher).  

 

RESULTS AND DISCUSSION 

In the first laboratory room (Figure 1), the objective was to identify the knowledge already 

brought by learners about the concepts that are part of the construct of polyhedra.  

There were seven solids in the room, polyhedra or not, identified only as object1, object2, etc. 

Each solid, when touched by the avatar, fired an open question in the chat channel and waited 

forty second before communicating the need to move on. Only the last object had the ability to 

release the button the gateway to the next room.  

The purpose of the second room (Figure 2) was to provide information about the basic 

elements of a polyhedron, the vertices, edges and faces. The solids talked about amounts of 

edges and vertices, not including any information about line, segment or polygon, with the 

intention of creating a link between the count and the portion of that polyhedron, in order to 

give a visual building of what would edge, vertex and face be. It also proposed exercises about 

counting faces, edges and vertices, and then on checking if the Euler characteristic were true or 

not. The incorrect option would cause a comment and guide to the correct choice while the 

other one would open the door and give a congratulatory message marking the progression 

between rooms. 

 

 
Figure 2. Second Laboratory Room. Discussing visually the concepts of vertices, edges and 

faces. 
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In the first excerpt (Figure 3), the student apparently had considered vertices instead of edges 

and two of Van Hiele learning phases are apparent. Firstly, the teacher inquired the student 

about the choice he had made, without correcting his (wrong) understanding of edges as 

“meeting of vertices”; then, the teacher directed the student while he reworks his option and 

correctly counts the edges. Notice that the contradiction between the student’s visualization and 

his response was essential for his subsequent advance in the concept of edge. The octahedron 

exhibited three spheres around it with the numbers 8, 6 and 12; only if the student touched them 

in the correct sequence of the number of faces, vertices and edges, without any further 

explanation about these concepts, another solid would be started.  

 

 
Figure 3. Student interactions with virtual laboratory (second room) 

 

In the third room (Figure 4), there were the five Platonic polyhedra and a concave solid. The 

purpose of this room was to discuss the Platonic solids and the concepts of concave and convex 

solids. The solids worked that concept, in the usual way, by displaying an animation with a 
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plane containing one of its faces and dividing the space into two half-spaces; concave polyhedra 

would remain in the same half-space while the convex ones would be cut by the plane. 

 

 

Figure 4. Discussing the Platonic solids and the concepts of concave and convex solids in third 

room. 

 

In the next dialog (Figure 5 and Figure 6), the hexahedron showed what made it convex and 

asked barney14 to find a concave object. It took him four minutes, but the student chose it 

correctly. When the object asked him to write about the concept of concave, however, he found 

it difficult. barney14 answered correctly about Euler's polyhedron formula, but needed to reflect 

further on it. The teacher returned to the strong points of visualization and guided barney14’s 

steps towards the concept of concave.  

 

 
Figure 5. Student interactions in the laboratory third room. 
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Figure 6. Student interactions in the laboratory third room. 

 

While still in the third room, a reflection is made on the relationship between the number of 

edges and sides of the polygon that makes up their faces in the context of a convex solid 

(Figure 7). The learner is invited to use Euler’s formula to solve a problem. 

 

 
Figure 7. Working with Euler’s formula in the third room. 

 

Observe, in Figure 8, that barney14 has identified correctly vertices, edges and faces. He 

confirmed their numbers and found one of its properties by means of the Euler's polyhedron 
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formula. This excerpt suggests that barney14 still was at the visualization level because he had 

not recognized the properties of polyhedra, but within this level he was advancing to the 

explicitation phase as he was able to make some relationships like this one between Euler’s 

formula and concave objects. 

 

 
Figure 8. Student interactions in the laboratory third room. 

 

The student was then leaded to the Plato’s dodecahedron where he has the opportunity to 

further work with Euler’s formula (Figure 9). 
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Figure 9. Further work with Euler’s formula leading to the explicitation phase in the third 

room. 

 

In this last excerpt from the dialog (Figure 10 and Figure 11), barney14 made a connection with 

the previous activity with the icosahedron to obtain the correct number of edges. He also 

accurately calculated the number of vertices through Euler’s formula. Therefore, we can infer 

that he was able to articulate about a few geometric concepts and that he has moved to the 

explicitation phase. Notice also that barney14 mentioned some elements of the octahedron; 

from that we can assume that he began to recognize properties in polyhedra that went beyond 

the visualization and that he, therefore, was entering into the analysis level. 

 

 
Figure 10. Further student interactions with the laboratory's Plato room (third room). 
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Figure 11. Further student interactions with the laboratory's Plato room (third room). 

 

Being short of space, the present article had to limit itself to student progress until the third 

room only. From the above analysis, however, we consider that the interactions between objects 

and avatars were essential for reflections on the concepts involved in the constructing a 

polyhedron. Therefore, we believe that the immersion in this virtual lab built in Second Life can 

provide engaging learning situations for the development of the geometric thought of the 

students.  

 

CONCLUSIONS 

From the data analysis, we believe we have found that the SL has indeed potential to help 

students understand concepts related to spatial geometry, as well as assisting the teacher to 

organize interactive activities. We consider that the interactions provided by programmed 

objects with texts and animations in this laboratory, together with the sense of presence given 

by the 3D immersive environment, were able to provide a supply of information in a unique 

way, witnessing the emergence of a plan, a polygonal region from it which ultimately gives rise 

to a right prism, being able to walk inside it and to observe it from the angle that suits you, 

talking to a tetrahedron, or seeing it unfold itself does not seem to be a common experience in 

usual Geometry laboratories. We also consider that the interactions between objects and avatar, 

by conversation or display, the arrangement of objects, together with lecturer's posture – less 

explanatory and more interrogative – contributed to the predominance of dialogism in the 

textual interactions, which was decisive for the presence of a more centralized learning in the 

learners’ actions than the teacher’s ones.  
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NOTES 
1
 A microworld is a “subset of reality or a constructed reality whose structure matches that of a 

given cognitive mechanism so as to provide an environment where the latter can operate 

effectively. The concept leads to the project of inventing microworlds so structured as to allow 

a human learner to exercise particular powerful ideas or intellectual skills” (Papert, 1980, 

p. 240). 

2 
Constructionism is a learning theory built by Papert on Jean Piaget's epistemological theory of 

constructivism, holding, however, that learning is most effective when part of an activity the 

learner experiences as constructing is a meaningful product. 
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A WEB-BASED EDUCATIONAL SOFTWARE 

ENVIRONMENT THAT SUPPORTS STUDENTS TO 

DEVELOP AND REFLECT ON CONCEPT MAPS 
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Abstract: In this paper, we present our research and development efforts for the 

creation of a web-based learning environment that supports students to develop and 

reflect on concept maps. Based on findings from our previous empirical studies, we 

have designed an environment which guides and supports a learner to develop 

structurally rich concept maps. Our approach exploits mathematical concepts and 

tools from the field of network theory. In this way, the system reveals and evaluates 

structures that the student creates, intentionally or unintentionally, during the concept 

map creation. The student is encouraged to reflect on these structures and improve the 

map in an iterative process. 

Keywords: concept maps,  graphs, educational software 

 

INTRODUCTION 

Concept mapping has been developed as a learning activity method by which students 

develops, externalize and communicate cognitive schemata to others. This article 

presents the design and development characteristics on which our concept mapping 

educational software was based. 

MOTIVATION 

Since the changes that occur in the cognitive structures of the individual student are 

not directly observable, the existence of appropriate tools and methodologies that 

allow students to externalize and communicate these structures to others is essential. 

The externalization and communication of cognitive structures are critical issues in 

the context of learning because they allow others (teachers, educators, software 

agents) to support students to work on the structures in order to improve and elaborate 

on them, while enable students themselves to observe and reflect upon their own 

progress and process. Students can communicate their cognitive structures by writing 

a text, drawing a picture, making a graphic, etc. The outcome of the process of 

cognitive pattern externalization can be affected by the communications media. It is 

generally accepted that (Larkin, & Simon, 1987) the propositions that students 

construct and the way that they connect and organize them into broader structures can 

be depicted in a concept map much clearer (more effectively) than, for example, in a 

text. The inherit characteristics of the concept map and more specifically its 

visualization capabilities, its mathematical representation and the powerful 

corresponding analysis it is amenable to; render it a valuable means for cognitive 

pattern externalization. The research reported in this paper aims to exploit the 

inherited characteristics of the concept map so as to support a software-supported 

guided reflection phase that follows the concept map development phase. To our 
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knowledge such a software-supported guided reflection phase has not been reported in 

the bibliography. 

 

RATIONALE  

To help someone learn we must first understand what that person knows. According 

to Ausubel (1968) "The most important single factor influencing learning is what the 

learner already knows. Ascertain this and teach him accordingly". Learning is a 

process that brings change. That means then, to understand what one has learned, we 

should have ways to observe the change between the current and previous situation. 

Using a concept map, the observation can be made in a grosser level visually, while 

on a more precise level it can be expressed mathematically and semantically. 

An innovative aspect of this project is the emphasis given to the mathematical 

representation of the map. More explicitly, we attempt to express and to match the 

learning qualities represented in the maps with mathematical expressions generated 

and refined from the network theory. 

APPROACH  

A concept map is diagram (graph) that shows the relationships between concepts. The 

concepts of the diagram are represented as rectangles while the relationships between 

the concepts are represented by arcs. Both nodes and arcs are labelled - the labels on 

the arcs are also known as liking phrases.  

Concept maps (Novak & Gowin, 1984; Novak & Canas, 2008; Jonassen, Reeves, 

Hong, Harvey & Peters, 1997) are used to represent organized knowledge and are 

often employed in learning in order either to present learning material to students or to 

examine students' knowledge. In this work we define the core issue to be a 

substructure of a concept map that has substantial meaning for the person who 

developed the concept map. Thus, a core issue is (a) a cluster of concepts of the 

concept map (b) to which the concept map developer attaches a specific (important) 

meaning (Fig. 1).  

 

Figure 1: A typical concept map 

We employ core issues in order to encourage the student to reflect on the concept map 

developed thus far and guide him/her in order to further enhance it. Moreover, we 
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present a web based software system that supports a guided reflection phase that 

follows the development of the concept map. The guided reflection phase exploits the 

mathematical properties of the developed concept map. More explicitly, the software 

system we propose (a) encourages the user to identify and name the core issues in a 

concept map (b) proposes to the user substructures (clusters of concepts) of the 

concept map and invites the user to state whether these constitute core issues (c) 

attempts to establish whether the student has a clear idea of an underlying concept 

map structure and (d) compares the user-identified core issues to automatically 

identified substructures in order to guide the user in elaborating on the concept map.  

SYSTEM DESIGN 

The proposed system consists of six modules:  

a) the management module which  is responsible for the user and file management b) 

the graphical editor which is used by the student for creating the concept map and 

determining its substructures  

c) the clustering module which identifies the substructures of the concept map based 

on its topological properties  

d) the evaluation module which calculates mathematical and topological indexes 

related to the concept map and the quality of the identified clusters  

e) the monitoring module which monitors the user activities related to the 

development of the concept map and activates modules (c), (d) and (f)  

f) the guidance module which uses the services of the clustering and the evaluation 

module and provides guidance and suggestions to the user.  

The evaluation, the monitoring and the guidance module co-operate in order to 

implement a structured "guide and reflect" approach to concept map development: 

The structures identified by the student or by the clustering unit are further interpreted 

by the evaluation module in order to establish whether the students employ a 

structured approach in developing the concept map or they follow a chaotic way of 

connecting concepts. In addition, the numerical indicators calculated by the evaluation 

module allow the guidance module to guide students and help them reflect on the path 

that has been chosen for the development of the map. The overall process is depicted 

as a flow chart in Figure 2.  
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Figure 2: Flow chart showing the way the design of the “guide and reflex” stage  

CURRENT STATE OF IMPLEMENTATION  

Three of the system modules (the management module, the graphical editor and the 

clustering module) have been fully implemented; the evaluation module has been 

implemented but needs further expansions while the monitoring and the guidance 

modules are currently designed. The system has been developed using the Java 

programming language, the graphical editor is built with the Google Web Toolkit 
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(gwt) library (http://www.gwtproject.org/), while the clustering module is using the 

Java Universal Network/Graph (jung) framework (http://jung.sourceforge.net/). The 

system runs on a browser, thus allowing users to access it from any computer with 

internet connection and does not require the installation of any software on the 

computer. The concept maps are saved in a standard .cxl file format. This allows for 

communication with other software used to create concept maps. 

The implementation of each of the implemented module is briefly described next.  

The management module supports three user roles: administrator, teacher, student 

(see table 1) and enables, among other things, the student to store different versions of 

the same map, thus creating a history by which learning as a process of change may 

be validated. The teacher can monitor student progress and provide feedback to 

intervene whenever necessary. 

Table 1 

Rights and Responsibilities of user roles supported 

Administrator Teacher Student 

Defines the teachers as 

users of the system 

Defines his/her own 

students as users of the 

system  

 

 Defines the questions to be 

answered by students (the 

answers are in the form of a 

concept map)  

Sees the question that must 

be answered 

 

 Has access to the GUI 

module so as to develop 

his/her concept map 

Has access to the GUI 

module so as to develop 

his/her concept map 

 Has access to the concept 

maps created by him/herself 

and by his/her own students  

Has access to the concept 

maps created by him/herself 

only 

 

The graphical editor which is used by the student for the creation of concept maps 

provides enhanced handling capabilities which facilitate the representation of complex 

maps with a large number of concepts and connections. For example, Figure 3 reveals 

the possibility of curving connecting lines in order to guarantee distinct relationships 

between concepts. Furthermore, the graphical editor allows the user to define the 

clusters he identifies in the concept map.  
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Figure 3: Graphical interface used to create a conceptual map 

The clustering module uses mathematical algorithms from graph theory in order to 

determine substructures in the developed concept map. More explicitly, the automatic 

identification of the substructures is based on the Girvan-Newman (Newman, & 

Girvan, 2004) algorithm which has been used in many contexts for the identification 

of clusters (communities, substructures) in system represented as a graph. To our 

knowledge this algorithm has not been employed in analyze graphs related to a 

learning activity. The Girvan-Newman algorithm attempts to identify the clusters of a 

graph by removing the edges of the graph that interconnect the clusters.  

The evaluation module calculates a number indicators and parameters related to the 

topology of the concept map: concept centrality (i.e. number of propositions of each 

concept), the maximum concept centrality of the map, the average number of words 

per concept, the average propositions per concept. In an attempt to evaluate the 

overall clarity of the identified structures the evaluation module also evaluates the 

modularity index Q. The index Q, which shows the clarity of separation is an 

estimation of the difference between: (a) the proportion of edges of the map located 

between concepts of the same structure and (b) the proportion of edges that would 

have existed between the same concepts, if the edges were placed randomly.  

The monitoring and the guidance modules have not implemented yet. Thus, at this 

stage of implementation, the system does not give to the student any guidance related 

to the quality of the concept map developed thus far (although the Q index is shown to 

him) and it is up to the student to decide whether he will elaborate on the concept map 

or he will start the identification of the substructures or their naming.  

A typical usage scenario of a student using the system at its current stage of 

implementation is presented next. 

The student initially logs into the system and selects either to create a new or edit an 

existing concept map. Both creating and editing a concept map constitute the 

construction stage and include actions related to concepts and linking phrases: 

addition, deletion, renaming, moving nodes and linking phrases.  

At any point during the construction of the concept map the user may reflect on the 

concept map created thus far. The reflection activity currently supported by the 
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system is related to the identification of conceptually important substructures of the 

concept map and their naming.  

The user may  indicate the substructures of the concept map that he considers them to 

be conceptually important using the buttons "new cluster", "select cluster" and "add to 

existing cluster": when the user wants to define a new conceptually important 

substructure of the concept map, he presses the button "new cluster"; when he wants 

to declare that a concept belongs to a defined substructure, firstly he selects the 

substructure, then he clicks on the concept and then presses the button "add to 

selected cluster".  

Alternatively, the user may ask the system to analyze the concept map and 

automatically identify possible substructures of it. This service is activated when the 

user presses the button "automatic clustering". With "automatic clustering" activated 

the user may request different substructures of the concept map to be produced by 

pressing the buttons "+" and "-": when the button "+" ("-") is pressed the system 

produces a new partition which has as many clusters as the previously created 

partition increased (decreased)  by one.  System-defined substructures are depicted by 

the system as shown in Fig 4:  

 

Figure 4: A set of substructures (clusters) automatically identified by the system. This 

clustering is one of those automatically identified by the system during the user 

exploration and corresponds to the one shown in Fig. 1. 

 

The user may explore the substructures produced by the system by successively 

requesting new clusters:  

For each substructure (either identified by the user or by the system), the system 

assigns to it a unique colour and a text box; all the concepts of the substructures are 

coloured with the substructure's color while the user may provide in the textbox a 

short a title or a short sentence  that describes the cluster.   

The user may decide which of the automatically identified set of substructures are 

conceptually important and which are not. In an attempt to provide automatically 

some indication about the importance of the substructures the system calculates the Q 

index based on the mathematical properties of the concept map. There is some 
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preliminary evidence that the higher the value of the Q index, the more conceptually 

important the separation of substructures may be. 

 

 

Figure 5: The set of substructures automatically produced for the concept map of Fig. 

4 during the user exploration. 

 

SYSTEM EVALUATION 

A preliminary evaluation of the system has been taken place by a small group of 

users. The aim of the preliminary evaluation was to establish the operational state and 

the usability of the system. Initially, a short presentation of the concept map and the 

software was given to the users, since they were not acquainted with either of them. 

Then the users were asked to develop a concept map from a subject of their 

experience and they were encouraged to think aloud. A member of the research team 

was present when the users were developing their concept map using the software and 

took notes of their conversation. The main points raised by the users of this 

preliminary evaluation are the following:  

 It is sometimes difficult to find a proper naming or a description for a cluster. 

 Alternative sets of clusters of the concept map may be identified and it is difficult 

for the user to decide which of these partitions is to be preferred.  

 For small concept maps the user can investigate the different clustering sets 

provided by the system. However, for larger concept maps it would be more 

convenient if the system displayed the more "important" partitions first.  

Further research 

Carry out a full scale evaluation exercise for the software and develop the guidance 

and the monitoring modules. 
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Abstract: When secondary school students use physics educational simulations, they 

have to read and understand the visual representations depicted on screen, but 

sometimes students’ reading difficulties do not allow a correct interpretation of the 

simulation. In this study we have analyzed how students read two physics simulations, 

one addressing the friction between two surfaces, and another one addressing the 

electromagnetic induction between a magnet and a coil. A group of 14 students 

(between 14 and 16 years old) have been interviewed while using these simulations, and 

we have identified, analyzed and classified their reading difficulties. The most relevant 

identified reading difficulties are those concerning: (a) the compositional structure, (b) 

the relevance of visual elements, (c) their semantics, (d) the coexistence of multiple 

representations, (e) the dynamism of visual representation and (f) their communicative 

nature. Since the same difficulties have been identified in different students reading 

different simulations, the generalization of these difficulties is suggested. Our final aim 

is to support science teachers, encouraging them to develop critical visual reading 

activities in the science classes. 

Keywords: simulations, visual representations, reading images, virtuality, multiples 

representations 

 

RATIONALE AND OBJECTIVES 

Interactive simulations, for example, those from PhET platform 

(http://phet.colorado.edu/), are widely considered good educational tools. According to 

Wieman, Adams, & Perkins, (2008) the visual representations depicted in these 

simulations provide students information that other means of instruction do not, 

allowing them to develop deeper and richer concepts understanding than they otherwise 

might do. However, the idea that pictures are more communicative and "easy" to read 

than written text leads people to assume that when students read a visual representation 

they understand it correctly. Previous researches about students’ reading of scientific 

pictures have refuted this assumption (Ametller & Pintó, 2002; Colin, Chauvet, & 

Viennot, 2002; Perales & Jiménez, 2002; Stylianidou, 2002), and it has been shown that 

a visual representation which has not been well designed may convey wrong ideas, and 

also that a lack of knowledge of the visual language may hinder the interpretation of an 

image. So, scientific visual representations cannot be considered trivially 

understandable and transparent.  

In this context, the aim of our research is to identify which reading difficulties appear 

when 14-16 years old students use two physics’ simulations (figure 1 and 2) that are 

available in PhET project, which include dynamic and interactive representations. 
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Figure 1. Simulation A. It represents the relationship between friction and heating. It is 

available in: http://phet.colorado.edu/en/simulation/friction  

 

  

Figure 2. Simulation B. It represents the electromagnetic induction (Faraday’s Law). It 

is available in: http://phet.colorado.edu/en/simulation/faradays-law  

  

BACKGROUND AND FRAMEWORK 

During the reading of a visual representation, leaving the artistic issues aside, different 

processes take place: the reader needs to identify all the visual elements and their most 

important features, decode the visual grammar of the depicted representations, relate it 

to their meaning and construct the conveyed message. Firstly, the visual language - 

including their own norms and structures as does verbal language - can be analyzed 

from the semiotic framework proposed by Kress & Van Leeuwen, (1996) and adapted 

to science education field (Pintó & Ametller, 2002). These visual grammar rules include 

visual features such as the compositional structure, the salience, the shape, the color or 

the communicative nature of the representations.  

Further, when students read the representation and decode this visual language, different 

cognitive processes take place: the sensory process, the encoding and the inferences 

with the domain knowledge (Kulhavy, Lee i Caterion, 1985), and these processes are 

also affected by the prevalence that the reader gives to each visual element (Winn, 

1994), and also by the reader’s attention and the reader`s representational connections 

(Schnotz, 2004). Reading difficulties can still be accentuated when students deal with 

dynamic visual information (Lowe, 2003; Meyer, Rasch, & Schnotz, 2010). Moreover, 

if pictures include multiple representations (Ainsworth, 2006) the comprehension is 

both affected by the nature of the information (complementarities or redundancy) and 

the supported cognitive processes of research, recognition and inference (Larkin and 

Simon, 1974).  
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Finally, the alternative conceptions of the depicted scientific topics (Driver, Squires, 

Rushworth, & Wood-Robinson, 1994) also strongly affect the reading. Given the 

scientific content of our two simulations, special attention must be paid on 

misconceptions concerning the nature of matter (Renstrom et al., 1990; Griffiths et al., 

1992) and the electromagnetic induction (Guisasola, Almudi and Zuza, 2011, Thong 

and Gunstone, 2008). At the same time, the understanding of the depicted scientific 

concepts will be strongly influenced by students’ common reasoning like linear 

causality (Viennot, 1996), animistic perception of atoms (Griffiths i Preston, 2006) or 

confusion between real and ideal objects (Zacharia 2007).  

 

METHODS 

The research methodology adopted in this study is qualitative since we are doing a 

diagnosis study that should inform us about the existence of reading difficulties but not 

a study about their prevalence (STTIS, 1998). We first selected two simulations A and 

B (figures 1 and 2) according to educational criteria. Then, we selected a group of 14 

students (14- 16 years old), with some prior knowledge about the two mentioned 

scientific topics but not experts on them. For each student, we carried out a 20 minutes 

video-recorded individual semi-structured interview that later were transcribed and their 

content was analyzed with Atlas.ti software. We selected coded and classified pieces of 

interviews according to an iteratively refined codification system based on the visual 

features of the simulations and students cognitive processes.  

 

RESULTS 

Through the analysis of the data, we have defined a set of categories, and we have used 

these categories to code all the situations where reading difficulties had been identified. 

Further, the different categories were grouped into six different dimensions of analysis. 

Each dimension correspond to a different approach  related with visual representations 

and visual readings: compositional structure (CS), relevance (RE), semantics (SEM), 

multiple representation (MR), dynamism (DY) and communicative nature (CN).  

Following we present the dimensions and the categories that results from the analysis. 

We include some examples of the quotes of students’ interviews.   

 

a) Difficulties related to the reading of the compositional structure 

(CS) 

First of all, the analysis of students’ answers suggests that, during the reading process, 

many students misread or misunderstand the spatial distribution and interconnection 

of composition’s visual elements. We have identified difficulties related to the 

compositional structure in the following situations:  

• (CS1) Lack of identification of a specific element of the composition, what doesn’t 

allow student to recognize the whole structure.  

• (CS2) Misreading of the connections between different visual elements of the 

composition which are placed next to each other.  

• (CS3) Misreading of the connections between different visual elements of the 

composition which are overlapped.   
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An example of a CS difficulty is presented following. According to the semiotic theory 

of the representational structures (Kress 1996), the compositional structure in simulation 

A (figure 1) represents a “zoom-based relationship” between the left side of the 

composition (the macroscopic representation of the books) and the right side of the 

composition (the molecular representation of the contact-surfaces between the books), 

as it is depicted in Figure 3.  

 

Figure 3. Compositional structure that represents the “zoom-based” relationship 

between the left-side and the right-side of the visual representation. 

 

Instead of reading this zoom-based relationship, student A3 relates the verbal labels 

"physics" and "chemistry" with the molecular representations, and she expresses "in the 

simulation there are physics atoms and chemistry atoms”. Therefore, student A3 does 

not understand the compositional structure, and it seems that she reads this structure as a 

label-based relationship (Figure 4). 

 

 

Figure 4. Misunderstanding of the compositional structure based on a “label-based” 

relationship between the left-side and the right-side of the visual representation. 

 

b) Difficulties related to the relevance given to visual elements (RE) 

Secondly, according to our findings, some students give a wrong importance or 

highlight in excess or defect any visual element. In other words, an over-attention or 

an under-attention is given during the reading process. We have identified difficulties 

related to the relevance given to:  

• (RE1) The colour of visual elements.  

• (RE2) The shape of visual elements.  

• (RE3) The position of visual elements.  

• (RE4) The embedded verbal labels in the composition.  

Strand 4 Digital resources for science teaching and learning

732



An example of a RE difficulty can be identified in one of the comments made by 

student B6 about the role of the coil represented in simulation B. According to the 

precedence of global features in visual perception theory (Navos, 1977), the global 

feature of the coil is a hollow cylinder, while the local feature is a continuous line. This 

precedence is observed in student B6 reading since he understands the coil as a “gap” in 

the circuit: “The circuit is open because there is a gap in the middle. When I introduce 

the magnet, the circuit becomes closed, and electric current can flow through the 

circuit” (Figure 5).      

 

Figure 5. Cylindrical shape of the coil is understood by some students as a “gap” in the 

circuit that does not allow flowing the electric current. If the magnet gets inside the coil, 

then electric current can flow.  

 

c) Difficulties related to the semantics of the visual elements (SEM) 

We have also identified situations where students’ give a wrong meaning to some of 

the visual elements in the composition, especially those elements with a specific 

scientific meaning that students should previously know. These difficulties can be 

divided into two specific cases:  

• (SEM1) Confusion between a visual element and another representation with 

homonymous visual elements (with a visual similarity).   

• (SEM2) Lack of previous knowledge that does not let students understand a specific 

visual representation with scientific meaning.  

A good example to identify a SEM difficulty can be observed in the comments made by 

student B4. She refers to the voltmeter as “There is a machine that detects the force of 

the magnet”, and she later tries to describe the voltage needle in terms of the poles of 

the magnet. According to Pintó and Ametller (2002), the presence of two elements that 

have very similar graphical characteristics in the same document leads students to infer 

a parallelism between them that may not be intended. For this reason, we assume that a 

homonymy between the voltmeter needle and the compass needle influences in this 

student’s reading (Figure 6).   
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Figure 6. The visual similarity between the voltmeter and the compass (both include a 

needle that moves) produces a homonymy in some students.  

d) Difficulties to deal with multiple representations (MR) 

Several students’ comments referred to information depicted trough different visual 

elements (different sources of information) took us to address students’ difficulties with 

multiple representations in those cases where students did not correctly relate these 

multiple pieces of information, including the following situations:  

• (MR1) Lack of integration of two pieces of redundant information.   

• (MR2) Wrong combination of two pieces of complementary information.  

• (MR3) Lack of discrimination of two pieces of different information.  

An example of MR difficulty can be seen regarding student B1 comments. According to 

the Multiple External Representations Theory (Ainsworth, 2006), students can take 

advantage of the existence of multiple sources of information, but they are faced to new 

cognitive tasks in order to understand them. In the representation of simulation B, the 

induced current in the circuit is represented by two sources of visual information: the 

light of the bulb and the movement of the voltmeter needle.  

 

Figure 7. One of the main requirements to read and to understand the simulation is to 

combine the information obtained from the bulb and from the voltmeter.   

 

Despite the behavior of the simulation presented in Figure 7 (where the bulb is lighted 

while the voltage is negative), student B1 stays that “the bulb only lights when voltage 

is positive”. That is, student B1 seems not to be able to combine the complementary 

information depicted in the representation.  

 

e) Difficulties to perceive and interpret dynamic information (DY) 

In parallel, we have realized that some students didn’t correctly perceive and understand 

the dynamic information displayed in simulations A and B: translations, transitions and 

transformations. The specific difficulties identified are:  

• (DY1) Confusion between the position-dependence behavior and the movement-

dependence behavior. 

• (DY2) Confusion between simultaneous and successive represented processes.   

• (DY3) Perception of the non-linear changes as if they were linear changes.   

• (DY4) Lack of perception of the intensity of a dynamic representation.  
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According to Lowe (2003), animations that present very specialized dynamic subject 

matter having a high degree of visual complexity may actually have negative 

consequences for learners who are novices in the depicted domain. This happens, for 

instance, in most of students answers related of the decreasing rate of the temperature in 

simulation A (Figure 8). For example, when student A5 describes the temperature 

decay, she says that “temperature drops at a constant rate”. That is, at first she doesn’t 

perceive how the temperature decreases faster during the first moment and then it gets 

slower.  

 

Figure 8. The rate at which temperature decreases according to the thermometer 

corresponds to an exponential decay. 

 

f) Difficulties to understand the communicational nature of depicted 

representations (CN) 

Finally, according to our analysis, we have evidenced that students might not recognize 

the communicational nature of the information depicted in simulations, and it can lead 

them to interpret the information with an alternative communicative framework. In 

other words, students can misread visual representations not only from the syntactic and 

the semantic point of view, but also from the pragmatic point of view. These 

difficulties include:  

• (CN1) Confusion between scientific models and scales.   

• (CN2) Confuse the representational modality. 

For example, in figure 9 white points appear inside each circle. These white points are 

decorative elements that represent the shine of the particles. However, student A6 

considered that “The white points are the nucleus of the atoms”. She had understood a 

decorative element as a piece of scientific information.  

 

.  

Figure 9. Each circle includes a small white point, which represents the shining of 

naturalistic representations of balls. It is a decorative and not a scientific piece of 

information.   

Results summary 
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The set of situations where reading difficulties have been identified is summarized in 

the following table. The two columns in the left include all the categories, which are 

grouped in six dimensions CS, RE, SEM, MR, DY and NC.  

The columns on the right represent the seven students who read the simulation A (A1-

A7) and the seven students who read the simulation B (B1-B7). The black point ( ) 

represents a situation where a specific difficulty has been identified in a student’s 

interview. If there are two points ( ) it represents that two different difficulties 

concerning to the same category have been identified in one student.  

 

Table 1  

Rows represent categories of reading difficulties (grouped in dimensions). Columns 

represent students (grouped in those who read simulation A and B respectively).   

 Students 

Dificulties  

Simulation  A Simulation B 
A1 A2 A3 A4 A5 A6 A7 T B1 B2 B3 B4 B5 B6 B7 T 

 

CS 

CS1        4        0 

CS2        4        5 

CS3        3        1 
 

RE 

RE1        0        2 

RE2        7        4 

RE3        3        0 

RE4        3        2 
 

SEM 
SEM1        2        4 

SEM2        5        2 
 

MR 

MR1        3        0 

MR2        4        4 

MR3        5        1 
 

DY 

DY1        5          3 

DY2        0        2 

DY3        6        0 

DY4        2        2 
 

CN 
CN1        3        3 

CN2        3        1 

 

CONCLUSIONS 

According to these previous results, a wide range of categories related to the different 

kinds of reading difficulties have been identified. Results also evidence that, at least, 

one difficulty has been identified per interview, and we can also observe that most of 

the difficulties affect the reading of both the simulation A and B.  

From the linguistic point of view (Tuson, 2001), these categories are closely related to 

the three different linguistic levels. Beyond the difficulties concerning the semantic 

dimension of representations (SEM), those difficulties concerning the interpretation of 

the compositional structure (CS) have a close relationship with the syntactic level, and 

the difficulties in understanding the communicational nature of representations (CN) 

have also a close relationship with the pragmatic level. At the same time, from the 

cognitive point of view, these difficulties are involved in different processes (Larkin and 

Simon, 1974). In some cases, the difficulty is related to a surface reading level (for 

instance, CS1), since other difficulties are related to a deep reading level (for instance, 
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the categories from MR dimension). However, beyond the conclusions related to the 

linguistic/semiotic framework, and also beyond the conclusions related to the cognitive 

framework, we have also evidenced that not all the difficulties can be explained only 

with these frameworks, since science education have much to say about reading 

difficulties. In our findings, several physics content specificities have played an 

important role in students’ reading process of these simulations. For instance, 

understanding the nature of microscopic particles or the nature has been identified as 

one of the main challenges for students, as well as the understanding of the picture of 

the magnet force lines, which are imaginary objects typically used in scientific 

representations.  

Further, according to Table 1, it has been evidenced that many categories include 

difficulties associated to both simulations A and B, and for this reason, we foresee that 

some of these difficulties could also be found in other physics’ simulations. This is 

specially evidenced in the difficulties related to the understanding of dynamic 

information. For example, both in simulation A and B students confuse the position-

dependence behavior and the movement-dependence behavior (category DY1). In 

simulation A some students say that the two surfaces are heated because of the contact, 

and not because of the friction movement. At the same time, in simulation B, some 

students understood that the electric current is generated because of the contact between 

the coil and the magnet, and not because of the movement (and the velocity) of the 

magnet (see figure 10).  

 

 

Figure 10. The confusion between position and movement can be identified in students 

reading both simulations A and B.  

 

In our opinion, these conclusions emphasize that when secondary school students read 

scientific visual representations, they don’t understand simulations meaning per se. For 

this reason, PhET simulations educational benefit (Wieman, Adams & Perkins, 2008) 

cannot be given for granted, and sometimes some reading scaffolding is needed. So, for 

an effective comprehension of depicted scientific content, students should overcome the 

different identified difficulties in order to take benefit of the use of simulations. Thus, 

critical reading of images should play a central role in schools, and teachers and their 

instructional materials should scaffold students’ reading process. For instance, teachers 

should not only ask students about the structure and the meaning of the representation 

(i.e., “what do you see in this picture?”, “what do you think this specific element X 

means?”), but also about the communicative nature of their elements (i.e., “why do you 

think that simulation’s authors decided to include this element X in this picture?”). 
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Finally, we also consider that simulations should be carefully designed from the visual 

point of view, avoiding the overload of information, ambiguous information, decorative 

elements and visual inaccuracies.  
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ENGINEERING STUDENTS’ USE OF THE INTERACTIVE 
WHITEBOARD DURING PHYSICS GROUP WORK 
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2 The Norwegian University of Science and Technology, Norway 
 
Abstract: We present a case study of how the interactive whiteboard (IWB) may facilitate the 
collective meaning-making processes in group work in higher education. In the case, first-
year engineering students attended group-work sessions as an organised part of a basic 
physics course at a Norwegian university college. Each student group was equipped with an 
IWB, which the groups used when writing down and handing in solutions to the physics 
problems. Based on a Vygotskian, dialectical stance, this study investigates how the students 
used the IWB in the group-work situation. From qualitative analysis of video data, we 
identified four group-work processes where the IWB played a key role: exploratory, 
explanatory, clarifying and insertion. The results show that the IWB may facilitate a joint 
workspace, a social realm in which the students’ dialogues are situated. 
 
Keywords: engineering education, interactive whiteboard, group work, physics, joint 
workspace. 
 

INTRODUCTION: THE INTERACTIVE WHITEBOARD AS AN 
EDUCATIONAL TOOL 
The use of interactive whiteboards (IWBs) as an educational tool has increased in schools as 
well as in higher education. Mostly, IWBs are used due to their affordance to easily integrate 
or switch between different modes of representation during a lecture (e.g. video clips, 
simulations, static displays, ready-made presentations). In a review paper, Smith, Higgins, 
Wall, and Miller (2005) identify a number of potential benefits associated with the IWB as a 
tool to enhance teaching and support learning in teacher-led contexts. Some of these benefits 
are of a technical nature, such as opportunities for multimedia presentations, opportunities for 
using the touch-sensitive screen to manipulate objects and the possibilities to store, share and 
re-use teaching material. The most important advantage, however, as described by Smith et al. 
(2005) is the opportunities IWBs provide for student interactivity and participation in a 
pedagogical as well as in a technical sense.  

The study presented in this paper investigates the ways in which engineering students use an 
IWB in collaboration processes when solving physics problems, and how the IWB may 
contribute to the collective meaning making. 
 

THEORETICAL STANCE: A VYGOTSKIAN APPROACH 
Our epistemological stance is situated in a sociocultural framework. In this particular study 
we have been influenced by a Vygotskian approach, which at its core states that meaning 
making is developed in the social plane through the use of cultural tools, and where language 
is seen as the key vehicle for development and mediation of thoughts and ideas, and 
ultimately teaching and learning (Mercer & Littleton, 2007). Strongly related to this is 
dialogue, in which different perspectives emerge and meaning making can occur (Mortimer & 
Scott, 2003).  
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In discussions of the role of dialogues in a sociocultural framework, Mikhail Bakhtin is often 
regarded as one of the most prominent thinkers (e.g. Mortimer & Scott, 2003; Wertsch, 1998). 
His thoughts on dialogue have been appropriated to a Vygotskian framework. Wegerif (2006, 
2008) questions this appropriation on the basis that the Vygotskian framework takes on a 
dialectic approach, while the Bakhtinian framework takes on a dialogic approach. The main 
difference between these two approaches is that a dialectic perspective yields a synthesis or an 
overcoming between different, competing voices. In a dialogical perspective, “there can be no 
‘overcoming’ or ‘synthesis’,” as “meaning itself only arises when different perspectives are 
brought together in a way that allows them to ‘inter-animate’ or ‘inter-illuminate’ each other” 
(Wegerif, 2006, p. 146). As we interpret this difference, the outcome of an encounter between 
different voices is more unpredictable in a dialogic perspective than in a dialectic perspective. 

Wegerif points to fundamental philosophical discrepancies between Vygotsky and Bakhtin 
that are relevant to the present study. The chosen perspective shapes how we perceive the 
learning situation, i.e., whether we frame the intended learning outcome as an inter-animation 
or as an overcoming between the voices of the students and the voice of physics. In the case 
investigated in this paper the main task for the engineering students is to learn basic physics 
of relevance to engineering. This involves becoming familiar with the various theories of 
physics, and the use of mathematics in applications in engineering contexts. In this respect, 
the desired outcome actually is a synthesis or an overcoming between the students’ initial 
ideas and the scientific theories of physics.  
Within the dialogic perspective, Wegerif (2007) has introduced the concept of a dialogic 
space, which has been used as a theoretical construct with regard to the use of IWBs in 
whole-class teaching (Hennessy, 2011; Littleton, 2010), as well as in small-group learning 
(Mercer, Warwick, Kershner, & Staarman, 2010; Warwick, Mercer, Kershner, & Staarman, 
2010). This ‘space’ does not refer to a physical space, but rather to a social realm within 
which dialogues emerge and are sustained. According to Wegerif, the dialogic space “opens 
up when two or more perspectives are held together in tension” (2007, p. 4). In the present 
paper, a parallel notion to the dialogic space with a dialectic rather than a dialogic perspective 
will be established based on our empirical results of investigating group work with the use of 
IWBs. 
 

THE CASE: INTRODUCTORY PHYSICS FOR ENGINEERING 
STUDENTS  
The case concerns first-year mechanical and logistics engineering students at Sør-Trøndelag 
University College attending organised group work sessions during the fall term of 2011. In 
2008, the Norwegian Agency for Quality Assurance in Education presented an evaluation 
report of engineering education in Norway. Among the recommendations from the report was 
that communication and collaboration skills should be emphasised more throughout the 
education (NOKUT, 2008). Based on these recommendations, the University College 
designed rooms for group work, so-called ‘learning labs’, equipped with an interactive 
whiteboard for each group.  

From the university college’s point of view, the reason for equipping each group with an IWB 
was dual: for one, it was about efficiency. Instead of having each group member making a 
draft of the solutions so that one of them could insert it on paper for handing in, the groups 
were to write their solutions on the IWB in a collaborative manner and hand in the final file 
via e-mail or a learning platform. Related to the issue of efficiency, the teacher’s aim was that 
the groups should complete the tasks within the three hours they had at their disposal in the 
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learning labs. Given that the students had to hand in their solutions as a proprietary 
whiteboard file, their options for completing the assignment outside the learning labs were 
limited, and so the students had an incentive to complete the assignments in time, and also an 
incentive to use the IWB during their work. This was thought to yield two consequences: 
firstly that the students’ spare-time workload was not increased with yet another assignment, 
and secondly that the groups had to meet face to face in order to complete the assignments. 
This leads to the second main aim: there was a concern that ordinary group assignments were 
solved in an unintended cooperative manner, i.e., that the students divided the tasks between 
them and worked separately. By constraining the students to work face to face, the hope was 
that this would encourage them to work as a group, not just in a group. 
The students met in the learning labs for about three hours once a week throughout the term. 
The weekly exercises consisted of three to four physics problems, which were strongly linked 
to the curriculum. Each group was assigned to a booth, which was closed off by drapes, thus 
dampening the noise from the other groups. About 100 students participated in these group-
work sessions. Two teachers were available for supervision upon request from the students.  

The students were free to use the IWB in their own manner. The only requirement was that 
they handed in their solutions electronically, thus requiring a minimum of activity on the IWB. 

 

RESEARCH METHODS 
One of the researchers followed the group work sessions closely throughout the term, and was 
in contact both with the student groups and the teachers. Data were collected by means of 
video recordings of one of the student groups during eight of the eleven exercise sessions this 
term. The selected group consisted of five male students: Henry, Terry, Andrew, Eric and 
Toby, all in the beginning of their 20s. Originally there was a female student in this group, but 
she quit before we got to record any data from the group-work sessions. Given that fewer than 
10% of the students in the physics class were women, the group that was recorded was still 
seen as representative for the whole class with regard to gender distribution. Furthermore, the 
group was chosen on the basis that it seemed representative to the student mass with regard to 
level of engagement in the exercises. This criterion implied that the group members should 
show a certain engagement towards the exercises and the other group members. 

The video camera was set up on a tripod beside the IWB, facing the table where the students 
were sitting. There was limited space in the booth, which made it practically impossible to set 
up another camera behind the students, facing the IWB. The chosen camera angle gave a good 
impression of the dynamics between group members, the students’ facial expressions and 
their dialogues, on the cost of losing information of what the students were doing on the IWB 
in real time. This problem could to some extent have been overcome by using a hand-held 
camera in addition to the stationary camera. However, in order to avoid unnecessary 
interference with the group-work situation, only the stationary camera was used. We also had 
access to the final documents students submitted on the IWB, which during the process of 
analysis gave a fairly good impression of what the students were discussing during the group 
work. 
The video material made out about 23 hours of film. In the first phase of analysis data 
reduction was done by identifying sequences where the students interacted directly with the 
IWB. These sequences made out a total of about 12 hours of film. This material has been 
analysed qualitatively by means of the software Transana™, using an inductive approach, 
which resembles the constant comparative method (Merriam, 1998). The video sequences 
were viewed several times, and during each viewing each sequence was summarised and 
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labelled with a category. During the first viewing, the categories were close to the material, i.e. 
more descriptive, and throughout this iterative process the category construction yielded 
fewer and more generic categories. The authors have viewed some of the clips separately, 
which resulted in some adjustments of the categories. This was done in order to ensure 
reliability of the findings. Finally, the sequences that were picked out for presentation were 
transcribed. 
 

RESULTS 
The analysis resulted in four main categories for how the students used the IWB in the group 
work situation: exploratory processes, explanatory processes, clarifying processes and 
insertion. In addition, the students occasionally used the IWB to search for relevant resources 
on the web, but just as often they used their own laptops for this purpose, and hence this use 
of the IWB is not presented as a category on its own in this study.  

Exploratory processes 
During the work with the exercises students may decide to try out their ideas, using the IWB. 
The dialogue between the students is characterized by questions and suggestions. These 
situations do not reveal any clear power relations between the students; anyone’s suggestion is 
open for exploration, but also for critique. 
An example is when Henry and Eric start to work on a problem of estimating the moment of 
inertia of a human body. They draw a figure on the IWB of the human body as if it was 
constituted by different symmetrical objects; the head is represented by a sphere, the torso and 
legs by a single cylinder and the arms by rods. Henry is drawing on the IWB, while Eric is 
standing in the back of the booth facing the IWB, giving encouraging comments as Henry 
goes along. The rest of the group is working on another problem on paper while Henry and 
Eric are making their model on the IWB.  

Together Henry and Eric talk their way through the modelling of the body. Eric also stretches 
his arms out at some point, as to demonstrate how Henry should draw the figure. This also has 
another function: Eric uses his own body to estimate different lengths: the arms, his torso and 
his legs. Finally, Henry and Eric decide to model the human body as one big cylinder, with a 
rod for arms, thus not treating the head as a sphere. 
Neither Henry nor Eric made any notes before they started drawing the figure on the IWB. 
They use the IWB to explore ideas and arguments. 

Explanatory processes 
When a student has an idea on how to solve a problem, or has already reached a solution on 
paper, he may go up to the IWB. To the majority of the group, however, a solution seems to 
be out of reach. In these explanatory processes, the student at the IWB talks the rest of the 
group through his suggested solution while he writes it up on the IWB. The questions from 
the group gravitate toward the student at the IWB, and have a clear reference to what is 
written on the IWB. In these events, the student at the IWB takes on a teacher-like role 
towards the other students. 

In the following excerpt, the group is working on a problem that involves calculating the 
acceleration of a sled that is pulled up a tilted plane with the help of a weight. Andrew has 
been working on the problem on paper before going up to the IWB. Throughout the excerpt, 
Andrew is talking primarily to Henry, who is sitting at the table with the others. Before this 
clip Henry has drawn a figure of the scenario on the IWB. 
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Andrew: But anyway, then these (internal string tensions) 
cancel each other... Gone! And then we get... G 
equals... let’s call it the mass... The mass of... the 
sled... weight 

Andrew is pointing on 
the IWB with the 
marker. 

Andrew is writing on 
the IWB, turning away 
from the group. 

Henry: What were we supposed to find? (to Terry) Henry turns from 
Andrew to Terry. 

Terry: We were to find the acceleration  

Henry: A (the acceleration). Then we must follow this Henry is referring to his 
own notes. 

Terry: Ye... Uh, no. There is friction Terry looks at Henry’s 
notes. 

Henry: Yes  
Andrew: Look at this equation, do we agree on this? Andrew turns to the rest 

of the group, referring to 
what he has just written. 

Terry: I think it looks a bit simple, uh... Terry is looking toward 
the IWB. 

Andrew: It is very simple, that’s what’s so lovely about it!  
 

Andrew seems to have a clear idea on how the problem should be solved. Even his question 
on whether the group agrees can be interpreted more in terms of securing that the others 
follow his trail of thought than a signal of insecurity. Terry seems sceptical to Andrew’s 
solution, but Andrew, still confident in his idea for a solution, ensures that: “It is very simple, 
that’s what’s so lovely about it!” This way he tries to convince his peers that his solution is 
right. 

When Andrew turns away from the group and toward the IWB to continue writing, Henry 
turns to Terry for clarifications about what they should find and how they should find it. This 
passage has no direct reference to what is happening on the IWB. However, this reaction from 
Henry seems to be induced by what Andrew has been writing and explaining on the IWB. 

The students sitting at the table ask Andrew questions or otherwise comment on Andrew’s 
work as he is doing it. What is written on the IWB is readily available to the others on the 
group, and provides the basis for questions and discussions. Looking at the IWB, the other 
students can immediately see how Andrew solves the problem. 

Clarifying processes 
From the video material it turns out that more often than not, the students prefer to sketch a 
solution on paper before writing it on the IWB. At some point, a student switches from 
writing on paper to writing on the IWB. This gives rise to clarifying processes, which can 
occur when the students face a problem that has no straightforward solution, or when one 
student feels he has reached a solution to the problem.  
If some of the other students don’t understand the solution, or that they have not reached the 
same solution as the writer, a discussion may emerge, which serves to clarify terms of the 
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solution, to explain parts of the solution or to adjust or even alter the solution on the IWB. To 
some extent this category resembles the ‘explanatory processes’-category, but it differs in that 
the initiatives from the writer and the rest of the group are more equally distributed. 

In the following excerpt, Eric has been writing parts of a solution to a physics problem on the 
IWB. He asks Toby if he agrees with what he has written. Toby questions Eric’s solution and 
Eric tries to explain. After some discussion between Eric and Toby, Henry also joins in: 
 

Henry: Oh shit, this is messy! Henry is sitting at the 
table, looking toward the 
IWB. 

Eric: (Giggles and says something inaudible to Henry)  Eric is facing Henry. 

Henry: Yes (giggles). But when you do it like this, you 
don’t eliminate the m (the mass) 

 

Eric: What do you mean?  
Henry: E-k (kinetic energy)  

Eric: Yes?  
Henry: Yes  

Toby: It won’t be E-k if you eliminate the m… Toby is sitting at the 
table, facing the IWB 
and Eric. 

Eric: What do you mean? Eric is addressing both 
Toby and Henry. 

Henry: Exactly! Henry is speaking to 
Eric. 

Terry: 

 

But, but you cannot divide, you can’t just decide 
to divide… this with all of, all of this with all of 
that, and parts of this with parts of that. That is 
completely illegal! 

Terry walks up to the 
IWB and points to the 
screen to illustrate his 
points. 

 

The excerpt illustrate that the dialogues between the students tend to focus on mathematical 
operations, and not so much on conceptual themes. This again could be because the students 
have been working on the physics problem for some time, and that they therefore have 
reached a certain point in the collective meaning-making process. 

Insertion 
A natural part of the work process is the insertion of a solution on the IWB, since the students 
were to hand in their work for assessment. There are numerous examples of ‘insertion’ in the 
video material, and about one third of the time the students spent interacting with the IWB 
were categorized as ‘insertion’. One student brings his notes with him and starts to insert a 
solution to the problem. Here the dialogues between the student writing the solution on the 
IWB and the rest of the group are scarce, and much more limited than is the case during the 
clarifying processes. However, insertion processes can quickly induce discussions that serve 
to clarify what is written on the IWB, i.e. clarifying processes. In this respect insertion can 
also form an important part of the collaborative work process.  
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DISCUSSION 
In this paper we have identified four categories of how students make use of the IWB during 
physics group work, that involves the students’ direct interaction with the IWB: exploratory 
processes, explanatory processes, clarifying processes and insertion. The exploratory process 
can be described as using the IWB for an initial inquiry of the problem at hand; the 
explanatory process by a teacher-like performance of a student at the IWB, having an idea on 
how to solve a problem; the clarifying process is characterized by mutual questioning or 
critique between the students and may result in adjustment of what is already written on the 
IWB; and finally, the insertion process is described by little interaction between the students, 
as one student inserts a solution on the IWB. 

About half of the complete set of video material consisted of student interaction with the IWB, 
while a considerable amount of the rest consisted of situations where the students were sitting 
down at the table, sketching their individual solutions on paper. This illustrates that the 
students need time to gather their own thoughts around the problem at hand before embarking 
on a discussion about it. Similar results were found by Scherr and Hammer (2009). This 
shows that on its own, the IWB does not completely replace the need to make personal notes. 
This gives rise to the category ‘insertion’ in our analysis, where solutions are transferred from 
individual notes onto the IWB. 

The other three categories explanatory, clarifying and exploratory processes all have in 
common that what is written on the IWB draws and sustains the students’ attention, in the 
sense that discussions arise, comments are made, or clarifications and explanations are given. 
What is written on the IWB is readily available to the group, a point also made by Hennessy 
(2011). This interpretation shows the importance of considering the mediating artefacts as 
well as the mediating practices in the learning situation (Paavola & Hakkarainen, 2005). 

This result indicates that the IWB supports the students’ collaborative learning by providing 
an environment in which the students share and develop their ideas. We call this environment 
a joint workspace. The joint workspace is a social realm within which the students act, where 
discussions arise and are sustained. The IWB plays a role as a physical artefact for the 
mediation of thoughts and ideas, which can be a basis for discussions. To some extent, the 
joint workspace resembles Wegerif’s dialogic space (2007), in the sense that neither the 
dialogic space nor the joint workspace is a physical space, but rather a social realm in which 
the students and their dialogues are situated. Further, both concepts are defined by the 
emergence of different perspectives within the dialogues. However, the theoretical 
underpinning of the dialogic space diverges from a dialectical perspective. The joint 
workspace is a space to which the students’ attention is drawn and sustained, but where the 
desired outcome is a synthesis or an overcoming between the students’ own ideas and the 
scientific theories of physics. A good example of joint workspace is when Andrew uses the 
IWB to guide the rest of the group through his suggested solution, presented under 
explanatory processes. The group’s attention is focused toward what Andrew says and what 
he has written on the IWB, and the dialogues between the students are characterized by 
finding a plausible solution and finally, the right answer. 
Could the same outcome have been achieved with an old-fashioned, non-digital blackboard? 
This might be possible for some of the collaboration exemplified in this paper. However, 
taking the context of the case into account, we would argue that the IWB contributes to 
enhance the processes described to a greater extent than an ordinary blackboard. Important in 
this context is that the students had to hand in their solutions as a file by the end of the session, 
using the graphic processing software available on the IWB. This meant that the students had 
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a powerful incentive to use the IWB, which in turn provided for the joint workspace to 
emerge.  
 

CONCLUSION 
The main benefit of the IWB in the processes described in this paper is that it makes the 
arguments and calculations from the physics problems available to the whole group. This is an 
important prerequisite for each group member to get to clarify and question the solutions 
written on the IWB. The IWB, along with the incentives to use it, serve as a meditational tool 
to support the collective meaning-making processes. The IWB contributes in establishing a 
joint workspace, where collective meaning making can occur through the dialogues between 
the students based on what is written on the IWB. This does not mean that the IWB in a group 
work context transforms the students’ learning in unique ways. What we argue is that the 
IWB may support some of the well-known valuable aspects of group work and make them 
more effective. However, the most appropriate use of the IWB is not equivalent to using the 
IWB most of the time.  
Further research is required in order to validate the categories found in this study with student 
groups with different characteristics. It will also be worthwhile to investigate the students’ 
experiences with the learning labs as well as the learning outcome in order to establish a 
deeper understanding of how group work in an IWB-context can be developed further. 
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Abstract: How young teachers share their knowledge and practices concerning ICT is 

the research associated with this paper. I seek to describe not only the pedagogical 

appropriation, but to understand the effects of this implementation in curricula and 

classrooms. In this paper, guided by the Continuous Cycle theoretical-methodological 

Policy production (Ball, 2009), I seek to defend the micro politics produced at schools 

in the establishment of Curricular Policies. I bring a study about a documentary; the 

dynamics of its use and the consequences that have taken place since then to discuss the 

redefinition of policies that teachers constantly do in their daily life at a public school. 

They hybridize disciplinary, pedagogical and curricular knowledge with their own 

educational vision, and with their everyday practice of using ICT. I understand the 

school micropolitics as a practice able to recontextualize official projects and marked by 

discontinuities and reconfigurations. In our case, the use of ICT, in conjunction with the 

meanings of the concepts of context, everyday life and training for citizenship has 

enabled teachers, to be able to improve the teaching-learning process. Not in the sense 

of efficacy, but critical development, giving voice to the student, the subject of 

knowledge production. The collective of teachers and students in the context of practice 

(re) write policies in the everyday life of schools. As in the field of art, the use of ICT 

demands deviation from the original designed technology - that is, to refuse to endorse 

the already outlined productivity goals - to become a platform that is capable of 

triggering cultural changes. 

 

Keywords: information and communication technologies; curriculum policies; young 

teachers. 

 

INTRODUCTION 

Understanding that every educational system is a political way of reproducing 

and altering the appropriation of discourses, with the powers and knowledge they bring 

with themselves, and oriented by the theoretical-methodological contributions from the 

Continuous Policy production Cycle (BALL, 2009, 1992), I seek to overcome a 

perspective of State centrality, to overcome the separation between the proposition and 

the implementation of policies, and to defend school’s micropolitics as agents in the 

ressignification of Curricular Policies. 

 I bring the study of a filmic text, the dynamics of its utilization and the riddle of 

developments for reflection and debate that initiated from there, to discuss the 

production and ressignification of Curricular Policies that young teachers constitute in 

the quotidian of a municipal school in the metropolitan region of Recife. The teachers 

hybridize disciplinary, pedagogical and curricular knowledge with their own vision of 

education, their own values and their own quotidian practice of usage of information 

and communication technologies (ICT). Therefore, I understand school micropolitics as 

an institutionalized practice capable of producing and influencing meanings and of 

defining strategies that recontextualize official propositions related to the usage of 
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audiovisual production, these, integrated to the mobility webs and to the ICT; marked 

by silence, discontinuities and reconfigurations. 

 I understand, with support of Laclau (2011), that curricular policies are 

contingent and temporary attempts of fixation and that, even, the absences are result of 

articulatory processes that imply conflicts constituted by interests defended by distinct 

social groups. School micropolitics are also a place of disputes around educational and 

institutional objectives; and result of individual trajectories of members from the school 

community, immerse in an institution, in determined time and space.  

 

PRESENTING THE THEMATIC: YOUTH AND ICT IN SCENE 

 The usage of ICT and especially the convergence of Medias and devices, such as 

cellphones, computers, internet, videos, have constituted significant change to daily life, 

in the sharing and in the democratization of the access to information; which does not 

mean that there are no antagonisms and fights. Santaella (2011) emphasizes that digital 

and mobile technologies have been created and incremented for military purposes, but 

“seen to have become rule that these applications present drastic deviations from the 

usage originally expected”. It is, in fact, “the users who created new domains of 

application and functionality”, and the yet short history of the digital revolution brings 

many examples of escape routes, like the open system cooperatives. However, the local 

initiative, the singularity, the authenticity, they are not exempt; they are valorized and, if 

possible, coopted to the economic benefit of others (HARVEY, 2005). As Beiguelman 

(2011) illustrates, “the ideas of nomadism and mobility, yet central in the field of 

counterculture and of micropolitics, assume preponderance in the strategies of 

marketing and sales”. 

 The youth condition has specificities belonging to the historical moment it 

constitutes itself. Novaes (2006) claims that youth is living an unprecedented 

generational experience and that it is the most vulnerable segment to the social changes 

that have been happening on today’s world, especially the related to professional 

insertion and violence. According to the International Labour Organization (AFP, 2010) 

the unemployment between the youths, around the world, will keep on rising and could 

potentially generate a lost generation. On the other side, Novaes emphasizes the 

predominance of the audiovisual language and the interest in technology as some of 

their generational marks, what has been allowing the proximity of youths of very 

distinct worlds, besides enlarging the possibilities of communication, creation and the 

pool of choices. 

 The ICT are consistently becoming more accessible to youths and have been, 

inclusive, object of policies that seek to make accessible a knowledge considered 

necessary to the citizen participation and to the education, since the equipment and the 

knowledge concerning the new technologies are unevenly distributed, that meaning, not 

only the access, but the quality of utilization also varies according to the region and the 

social group to which you belong. 

 Thus, in recent years, it is visible an increasing presence of the ICT in the school 

context, stimulated by every sphere of State administration – municipal, state, federal – 

through the appareling of schools, the distribution of computers to teachers and the 

formulation, divulgation and implementation of specific Policies, actions and programs. 

 In general, the Policies related to the to the introduction of ICT in educational 

space present in their justification the existent educational deficit, either in quantity, or 
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in quality; the crisis education has been confronted with for the last decades; and the 

necessary change of focus in order to solve the problems. It highlights, then, the usage 

of ICT as an instrument at the teachers and students – and, therefore, at educations – 

disposal, which, if correctly used, could constitute a valuable agent to the improvement 

of the teaching-learning process. Additionally emphasize that the incorporation of ICT 

may help promoting an education directed to the scientific and technological 

development; and educate for a global citizenship in a technologically developed 

society. 

 Constituted such significant finality, the introduction of ICT in classrooms, 

however, is treated in a rather simple way: an educational innovation dependent, in one 

side, of structural factors resulting from policies that encourage a reorganization of 

schools’ infrastructures, with the availability of equipment, its necessary maintenance, 

and the qualification of habilitated personnel for its operation; and, on the other side, 

dependent of factors related to teachers and educational researchers, resulting from their 

professional knowledge, their values and their beliefs. However, an incorporation of 

infrastructure without the changes of times and spaces, without altering the finality for 

which the curricular activities are realized; does it presuppose new focuses in the 

teaching-learning process? Does a training that capacitates teachers to edit videos result 

in improvement of the teaching-learning process? Rosa (2011), describing an ICT usage 

experience in a High School, presents the difficulties teachers and students have to deal 

with a new and challenging situation, even to those who are interested and have access 

to the technology and the knowledge. One of the teachers claims the problem is “to 

know how to use with pedagogical ends”, or “escape from the class tradition”.  

 The conceiving of an educative project is, today, affected by the new conception 

of science, truth, subject and by the new communication and cognitive technologies 

(MOREIRA, 2005). When they reach their field of professional action, in function of 

their experience with the new Medias, do young teachers institute new ways of 

producing knowledge? I depart from the principle that youths and their practices and 

productions are interdependent, reflect a worldview, traversed by double influence: of 

its time and of its history. I understand that such practices are not separated from the 

other discourses and practices that flow around in the educational context and in the 

teacher training programs, especially the ones produced by the educational policies 

concerning the incentive and the incorporation of ICT in school space.  

 

DOCUMENTARY UM OLHAR SOBRE A VILA VELHA 

 The vídeo Documentário – Um olhar sobre a Vila Velha was produced by a 

collective of students from the 9th grade of a Municipal School in Itapissuma, 

metropolitan region of Recife (PE) and uploaded to YouTube. Generated from a 

cellphone camera, had the purpose of constructing an audiovisual argument to discuss 

the problems related to environment preservation and quality of life in the community 

of Vila Velha, first trading post officially installed in Brazil, in 1526. Its duration is of 

approximately ten minutes. We could describe, shortly, it’s composition based on the 

following episodes: a long sequence initiates with people threading while a subtitle 

informs that it is in the district of Vila Velha. In the bridge, connecting Itapissuma to 

Vila Velha de Itamaracá, the youths meet and their image is reflected on the water. The 

frame with the text “The lack of Public Policies to the fisherwoman of Vila Velha” 

opens the segment of an interview, referring to the economic activities of the region. 

Branching from the initial questioning about environment protection, themes as lack of 
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basic sanitation, precariousness of garbage collection, the lack of concern of some 

natives towards pollution are approached. The existence of predatory fishery and the 

usage of an apparatus named “bomba na mare”, which affects both fishing and the 

structural integrity of nearby houses, is the next theme to be approached. An inhabitant 

claims she has denounced the irregularities and, for that, has been threatened and 

persecuted; highlights that before all that, the abundance of maritime life was visible. 

Youths, then, walk, collecting garbage in the sands of a small estuary. There is the 

deposition of a youth about pollution. “The mangrove and it’s beauty” retakes a camera 

ride showing the scenery. “The lack of conscience and environment education” is the 

final sequence, with a very simple edition of effects concerning the thematic. 

 The video presents traits of the documentary cinema which attains itself to 

determined conventions in order to imprint and idea of veracity: long takes; shaky 

camera movement in the hands of the one exposing the flagrant; ambient sound; 

absence of an over narrator. The content of the dialogue established between the 

inhabitant-interviewed and the students-interviewed itself reinforced that impression. 

Subjects, figurines, scenery framed on any typification are not utilized. The narrative is 

simples, although clear, and the significant questions are fixated though texts. 

 Parallel to the production of the video was realized a research which had as 

objective to investigate the look of the inhabitants relating to the environment and social 

aspects of the locality. To know the means of protection employed by the inhabitants; 

analyze their opinions about environment education; understand the process of 

sustainable development; were some of the objectives to be fulfilled with the realization 

of interviews with the inhabitants. The audiovisual production worked as a research and 

documentation instrument relating to the environment around the school, for that 

reason, the choice for the cinematographic genre and of a documentary production. The 

documentary in itself: “Um Olhar” (does not collect every piece of collected material), 

attached to a complementary lecture, was presented and debated on the school with the 

EJA (Youth and Adult Education) students. In the same conditions, it was also 

presented and discussed in another school in the region, a High School. It was uploaded 

on YouTube, Facebook and Orkut. According to the teachers Silva e Vieira (2010) the 

video transformed itself in a resource for study at the other schools of the municipality. 

The documentary was, then, selected to participate on an exhibition of Brazilian videos 

on TV Cultura. 

 The teachers, having as reference the video and the research, produced 

theoretical studies, which they, then, presented at scientific debates, relating to the 

importance of the cellphone as a technological and educational tool, in the realization of 

audiovisual productions and in its usage in distance learning; and the cinematographic 

documentary genre as instrument of research and teaching. The problematic that the 

teachers pretended to examine more deeply was how the cellphone could pedagogically 

help the creation, inside the classroom, of audiovisual resources. This consideration, 

according to them, was evocated given the facility of usage, the Media convergence 

existent in this particular gadget and its granted utilization by most youths. 

 When commenting the study, Silva and Vieira (2010) stressed the importance of 

the documentary production not only by the contribution of the investigation, but also 

by the critical development, making the students subjects of their own actions. They 

believe that this kind of research with elementary school students is of extreme 

importance to the construction of the social interpretations, making them see the world 

they do live in. The use of the cellphone as an educational and technological tool in 
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academic activity brought to the table a new way of social investigation. To them, 

schools could be workshops that engender a new culture. 

 

CURRICULAR POLICIES 

 In consonance to significative political-economic changes, the Brazilian 

educational scene consolidated, in the last twenty years, many curricular propositions, 

in every level of the educational process. Lopes (2004) emphasizes that the changes in 

the curricular policies have assumed centrality in the educational policies, almost 

becoming correlate of the educational reform. It is through education, especially 

curricular organization, that is sought to educate youths with competences and abilities 

tied with the new, dominant ways of production, and articulated with the technic-

economic and the cultural changes of the globalized world. Due to this condition, the 

curricular policies are interpreted, often, as mere result of an homogenous discourse 

emanating from multilateral agencies and politic-economic prerogatives. Lopes (2008) 

defends that this interpretation would not be able to explain the varied discourses 

produced in the current proposes of national curricula. 

 Ball (2001) questioned the colonization of educational policies by the 

imperatives of the economic policies and with the objective of clarifying new 

connections, between the practice of schools and the politic-economic macro context, in 

partnership with Bowe (1992), elaborated the Continuous Policy Production Cycle. Ball 

(2009) stresses that policies are unstable, not clear and generally contradictory; 

constituted in a field of conflicts between values, interests and meanings. The policies 

are always in movement, and one of the ways they move is inside the cycle. This 

heuristic model is composed, mainly, by the context of influence, the context of textual 

production and the context of practice, all articulated, not closed in themselves, and 

without fixated meanings. The transferring of meanings from one context to another 

suffers interpretative deviance. The context of influence is where, usually, the 

production of the legal apparatus is initiated, and where the webs referring to the 

government spheres, the multilateral agencies, the political parties, the government of 

other countries and the epistemic communities act. In the production context of a 

political text occurs the production of curricular documents. This context surrounds the 

central power webs, responsible for the regulation, in close connection with the 

influence context. Here, there is a significative production of didactic texts (books, 

websites, magazines), with many distinct finalities, beyond the proposition of activities 

of continuous formation (lectures, videos, TV shows), which offer the interpretation of 

curricular texts, to teachers, students and professionals of the educational area, and even 

to the parents and the society in general. The context of practice, where the curricular 

definitions are recreated and reinterpreted involves the work of the teachers. The 

propositions fomented at schools are also meaning producers to the curricular policies; 

although, if the context of the practice does not reproduce the governmental apparatus, 

but newer meanings, it also does not imprint meanings which are independent of the 

generated dispositions. The omissions and contradictions of the texts permit a 

production of usage policies, or the propositions lived in the schools. 

 To Ball (2001, 2009) the policies are understood as hybrid textual productions 

and continuously ressignificated discourses in multiple contexts – national, 

international, local – which interconnect.  
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CURRICULAR POLICIES AND THE TEACHING OF SCIENCE 

 From the beginning, audiovisual production did not only contribute with the 

sharing of knowledge, but it became relevant to the scientific  researches, because it has 

constituted itself as a new tool of investigation, when allowed the observation of 

phenomena imperceptible to the human eye. Audiovisual resources have always been 

utilized as auxiliary and instructional resources for scientific dissemination and for field 

researches in the science teaching field, for allowing the idealization and the 

reproduction of abstract, microscopic, imaginary, virtual realities. In the Unites States, 

since the arrival of the cinematograph, experiments were conducted to determine 

possibilities of implementing it for educational purposes. Thomas Edison produced 

many films about elementary knowledge of Physics, Chemistry and Natural History 

(LEITE, 2005). Videos use to be a part of a Science teaching classroom, even if not 

utilized, because, for initiatives of the teacher, or of the students, films and TV shows 

which make some kind of scientific disseminations ate commented. 

 Contradictory to the efforts, in the last decades, towards the incorporation of the 

ICT in schools, we found, in the main journals and events realized in the Science 

teaching area, for the last five years, only a few researches focusing the usage of 

audiovisual productions in formal spaces of Science teaching, especially in what refers 

to the elementary school. Even if in reduced numbers, the researches (ARROIO e 

SANTOS, 2007, 2008; REZENDE E VIDAL, 2009) usually present a favorable 

position to the inclusion of audiovisual productions, not only as a supporting tool for the 

teaching-learning process, allowing motivation; reflection; and the visualization of 

scientific phenomena; but also as technologies relevant to education, as they are 

significative to the students; are a part of their lives; and its incorporation to the 

academic culture could strengthen the relation between the main agents of the 

educational action and allow more robust engagement and contribution from the 

students in the educational doing. The possibility of relating the scientific knowledge 

with the popular knowledge would also be immersing in this appreciation. The authors 

emphasize the growth in the sheer number of papers relating to this thematic with the 

passing of years. Most studies were originated from the southeast region and were 

directed to the Teacher Training course and suggest the inclusion of audiovisual 

formation, in many different formats and propositions. There are favorable 

commentaries, but there were no information, or investigations, about the implications 

on the teaching-learning process deviating from the usage of audiovisual productions. 

The educational and scientific videos used in classrooms, though, don’t seem to 

incorporate innovations, and end up reproducing traditional psychological models, 

without exploring the aesthetic possibilities and narratives belonging to their own 

specificities (REZENDE e STRUCHINER, 2009). None of the researches or studies 

divulged offered any room for the production of videos, edition of instructional 

materials, or for a conjunct planning for the selection of audiovisual resources or the 

utilization of proper platforms and video sharing websites, with the students. 

 Accordingly, the Curricular Parameters (PCN) also does not offer much of 

collaboration. We did not find, in the general section, or in the specific Biology section, 

in the PCN (BRASIL, 1997) for the elementary school proper recommendations to the 

production of knowledge from and with audiovisual resources. It is expected that the 

students are capable of “knowing how to utilize different sources of information and 

technological resources to acquire and build knowledge”. The only  specific 

recommendation concerning the usage of audiovisual resources in the Science teaching 

classroom is introduced when the usage of observation as a catalyzer to the learning 
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process is stressed. It is commented that the observation could be done directly or 

indirectly, through a microscope, a telescope, photographs, films and images. It is 

recommended that the movies get recorded on video and get utilized in the right 

moment; that the teachers should watch it previously to warn the students which aspects 

should they consider with more attention. 

 We realized a reading in a document integrant to a didactic book collection, 

widely disseminated in the teacher training courses, in Rio de Janeiro, in the sixties and 

the seventies, aimed specifically at how to teach Science. The introduction to 

Explorando as Ciências urges the teachers to cope with the problems of the modern 

world. In the specific recommendations concerning practices and techniques, Bethlem 

(1970) suggests, beyond the experimentation in itself and the visits to museums, the 

utilization of cinema, considering that the audiovisual resource constitutes what comes 

the closest to direct observation. Emphasizes the role of the film as resource capable of 

informing about what is far from the quotidian; fixate learning; clarify concepts; form 

attitudes and habits; bringing in new ideas; and promoting the collective share of 

opinions and emotions. Amongst the suggestions he points about how to use a film are: 

every teacher should watch the movie before projecting it; it must be used on the right 

time and related to the subject of study; the movie does not substitute the teacher and 

should be complemented by debates, researches, reports, excursions. The author 

emphasizes that the citizens needs scientific knowledge in order to be able to participate 

in the life of their country, to choose their governors, considering that every basic 

problem the country, and the world, have has roots in science. 

 The conception of Sciences existing in the current curricular documents is 

different, but the usage of technologies for the confrontation with an accelerated process 

of changes in a world marked by scientific development is a recontextualized technical 

discourse. On the other hand, comparing the documents brings to light the discontinuity 

in the appliance of audiovisual resources inside the formal domain of education; and the 

omission of references to the production of knowledge with and from audiovisual 

production. We judge that this has happened for varied reasons, such as the 

discontinuity of governmental programs; the unpreparedness and the working 

conditions of the professionals working in the schools; the infrastructure of schools; the 

disregard of the specificities of the audiovisual resources; the misrecognition of the 

students’ audiovisual literacy. 

 In the qualitative research of Vidal (2010) concerning the utilization of 

audiovisual resources in the practice of newly graduated, by UFRJ, science teachers, all 

of them declared knowing the curricular documents relating to the biological Sciences, 

but did not remember any kind of instruction referring to the use of audiovisual 

resources. They have also affirmed not having received any incentive or orientation 

related to the theme in the schools they got employed afterwards. The interviewed 

teachers denied the approach to audiovisual thematic in graduation, emphasizing that it 

did not occur in the specific subjects of Education. The utilization of resources is a 

personal choice and the reasons quoted to do so are similar to those related in the older 

researches. Beyond being a way of getting close to the students. The author comments 

that the teachers do use videos, but are not prepared to enroll in the role of advisor in the 

process of reading the audiovisual materials. 

 

FINAL THOUGHTS 
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 We understand the video and the practices we analyzed as attempts of 

representation of the local curricular policies, which contribute, according to Ball 

(2009), to the production of meanings in a continuous policy production cycle. The 

meanings are not product of one single context. We can observe, for example, in the 

situation of contextualizing conceptions, quotidian and formation for citizenship which 

were present. Those discourses are not new to the field of education and are defended 

by the curricular documents, even if they might present different meanings. In the 

context of practice at this specific school we understand the contextualization linked to 

the idea of taking the student from the condition of passivity, and is referred to the 

economic, politic and cultural implications that affect the life of that particular 

investigated community, from which they are also integrating part. The conception of 

quotidian was treated relating, for example, the scientific concepts related to sustainable 

development with concrete situations lived by the community. To approximate to the 

quotidian of the inhabitants, to take into consideration their fights, motivates and 

valorizes the knowledge and experience of the students. In the edition of the video, the 

popular knowledge from the community and the dialogue between the different kinds of 

knowledge were valorized. To the exercise of citizenship were considered the relations 

between science and technology, the decision making, the political action, illustrating 

the predatory fishery situation. Problems close to the life of the students were 

approached. The utilization of ICT, especially as audiovisual resources, articulated to 

those principles and meanings, permitted that the teachers could defend the 

incorporation of the usage of technologies in the opposition to the traditional education; 

and for the improvement of the teaching-learning project, not in the meaning of its 

efficiency, but in the critic development, the critic reading of the world in which the 

student lives, and the appropriation of citizenship, giving voice to the student, subject of 

the knowledge production. 

 Most curricular policies are photographs that draw schools and the individuals 

composing those as hegemonic typifications of particular places and times, suitable to 

the experimentation of contingent and precarious deals, resulting of many disputes, but 

possible of being organized in a discursive totality and of incorporating multiple 

meanings. The policies define how we should act and to what rules should we abide; 

legitimate values and beliefs of their authors; and cause more, or less, effect, according 

to the control apparatus they are capable of activate (financing, evaluations, 

promotions). The training of teachers is taken as one of the obstacles to the efficient 

implementation of the proposals. 

 The collective of teachers and students in the context of practice, though, 

(re)write the policies in the quotidian of the real schools. Just like in the field of Art, the 

usage of ICT demands the deviation of technology from its original industrial project – 

that is, to refuse what has been already sketched, which aims for productivity objectives 

– to convert it into the platforms of action and agency of cultural changes. 
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Abstract: How teachers share their knowledge and practices referring to Information 

and Communication Technologies (ICT) is the research associated with this study. I 

seek not only to describe how the pedagogical appropriation happens, but also to 

understand the effects of this transposition to the classrooms and the curriculums. 

Oriented by the theoretical-methodological subsidies provided by the Continuous Policy 

Production Cycle (BALL, 2009), I aim at surpassing a separation perspective between 

the proposition and the actual implementation of policies, and at defending school 

micropolitics in the resignification of Curriculum Policies concerning the Health 

Promotion thematic. 

In multidisciplinary project, teachers hybridize pedagogical, disciplinary and curricular 

knowledge with their own educational vision and quotidian usage of ICT. This way, I 

perceive school micropolitics as an institutionalized practice, capable of imprinting 

meanings and defining strategies which, configuring the ICT pedagogical appropriation 

on educational ground, decontextualize traditional practices on Health Promotion which 

are present on Teacher Training Programs; still characterized by the biomedical 

paradigm, the treating from the individuality and the accountability of the subject for 

being sick, or for any unbalance on the healthy-sick balance. And more than reiterating 

an intention, such innovative practices are seeking to tread on a critical education on 

health trajectory. 

I understand, aided by Laclau (2011),that the Curricular Policies are provisory and 

contingent attempts of fixation, resulting from conflict implying articulatory processes, 

constituted by interests being defended by distinct social groups. Micropolitics are also 

enounced from disputes around diverse educational and institutional objectives and 

conceptions, and result of individual trajectories from subjects belonging to the school 

community, from the institution own history and of their intertwined relations in 

determined time and space. 

 

Keywords: curriculum, teacher preparation, technology in education and training 

 

INTRODUCTION 

 The formulation of an educative project, today, is affected by the new 

conceptions of science, truth, subject, and by the new communicational and cognitive 

technologies (MOREIRA, 2005). At their arrival at their field of professional actuation, 

because of their everyday experiences with the new information and communication 

technologies, do young teachers institute new ways of producing knowledge? We are 

based upon the principles that teachers, their practices and productions are 

interdependent; they reflect a worldview, traversed by double influence: of their time 
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and their history. We understand that such practices are not detached from other 

discourses or practices that flow around in the academic context. In this study, however, 

we worked with the orientation that the production of policies develops itself in a 

cyclical way (BALL, 2009) and defended the school micropolitics in the 

recontextualization of the education on health thematic in the Teacher Training 

Program. We believe that the context of practice can also be considered as a center or 

production of meanings to the policies. Therefore, we perceive school micropolitics as 

an institutive practice, capable of imprinting meanings and define strategies that 

decontextualize traditional practices of Health Promotion, current at Teacher Training 

Programs; still marked by the biomedical paradigm, the treatment from the 

individuality, the responsibility of the subject for the sickness, or for any imbalance in 

the heath-sickness relation; and more than reiterating an intention, such practices are 

aiming at threading a path of transformative education on health. 

 

HISTORICAL CONSTRUCTION 

 The configured study, based on the analysis of documents and interviews, 

reports the experience lived, between 2011 and 2012, by three distinct segments of 

students and by two teachers, of a course, at high school level, of Teacher Training, in 

countryside Rio de Janeiro, belonging to and interdisciplinary Health Promotion 

program. The teachers aimed to identify in what level the institution of an 

interdisciplinary program, associated to the adoption of communication and information 

technologies, could potentiate the students to engage in a posture of authoring and, also, 

to observe if there was any kind of adequacy in the Media usage, when selected to 

pedagogical practice. 

 The project was constituted from a concrete work situation lived by one of the 

teachers. At the time, it was observed the need of educators being capable to identify 

childhood diseases and of knowing how to proceed accordingly; nothing much different 

from what was taught to the soon-to-be teachers at basic education, around the 1970’s. 

 It was only after the law of Directives and Basis 5692/71 (BRASIL, 1971) that 

Health Programs were established in the Brazilian curricula. The Teacher Training in 

course, in the subject of Hygiene, which had as its purpose to capacitate the future 

teachers to take part in, promote and collaborate with Health Programs, still went over 

eugenicist concepts and conceived an education in normative and prescriptive 

healthcare. To illustrate, we bring a short analysis of a didactic book disseminated to the 

main Teacher Training for Elementary Schools programs of Rio de Janeiro, at the time. 

The book, which was in its fourth edition, revised and actualized in 1970, emphasized 

an approach not dissociated from the somatic and psychological development, and the 

author, who was both a doctor and a teacher, according to his own accordance, strived 

to systematize Childhood Healthcare, Psychology, Pedagogy, Auxology and Hygiene 

concepts. It did not advocate the analysis of political, economic or cultural implications 

concerning the health-disease binomial, considering only disinformation or ignorance 

relating to the proper healthy habits and behaviors and to the prevention of diseases. 

The chapters approach the normal childhood and provide recommendations, initiating 

with the following definition of Childcare: 

“it is science the eugenicist-hygienic art of the procreation and creation 

of the human being that prevents him from the prenatal and childhood 

morbid-lethality (…), art of preventing illnesses both hereditary 
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(hereditary harm), congenital (congenital or obstetrician harm) and 

acquired after birth (nourishing or infectious harm), also preventive of 

premature death” (SALLES, 1970, p.9)” 

  

According to Salles, “every nation disseminates, teach and apply Childhood 

Health for social conservation instinct”, more than for human solidarity; to him, 

Childcare is the maximum question of the Brazilian life and childhood, “natural 

fundament of ethnicity, for its normality, survival and dignity”, both In the moral and 

the material meanings. He, then, continues, emphasizing his preventive perspective, 

which should begin by the obligation of the mom herself to be prepared to adequately 

educate her sons, being able to “raise hygienic and physiologically” and corroborates 

the information addressing to the healthcare area professionals, such as non-specialized 

doctors, medicine, psychology, pedagogy, nursing, social security, academics, and from 

teacher training schools. 

To the author, understanding the physical and mental, premarital, prenatal and 

normal developments of childhood healthcare, the future teachers would be able to 

observe and identify imperfections, aiming the correction and the awareness of adults 

and children. He concludes the document with an orientation to practical works with the 

normal children and the special children, which would allow for diagnosis, prognosis 

and the orientation of the subject. 

Since the I Health Promoting Conference (BRASIL, 1986) in 1986, no longer 

would the impacts that the political, economic and cultural conditions impose over the 

health of individuals be detached, and health promotion would not be understood as an 

activity belonging to a specific sector focused on healthcare. 

In literary revision, we were able to identify that a conception, both for health 

and for education, based on a pretense objectivity and knowledge neutrality, is 

predominant (MOROSINI et al, 2009). Under the eyes of this technicist vision, 

education is a normative act, and prescription and instrumentation, the dominant 

practices. The educational agent is an information transmitter, and the subject to be 

educated a simple receiver of the educational information. Silva (1994) stresses and 

helps us understand that, today, still, health and education are presented almost always 

without articulation, being education in a subaltern position, aimed at specific 

methodological actions. On the other side, work on Healthcare has structured itself 

based on the biomedical model; and the working process organized in a medic-centered 

way has constituted itself as the hegemonic history. Then, education on health has also 

been subordinated to this model, fulfilling a function of government control over the 

individuals and the social relations. 

Stotz (1993), analyzing the different educative focuses in the education on health 

field distinguishes the area from the dominant and traditional viewpoint, as a technic 

knowledge, aimed at the instrumentation of patients control by the healthcare services 

and the sickness prevention by the people. There is an appropriation of the technic-

scientific knowledge of biomedicine by the educators, passed under the form of new 

conduct codes. The predominant focus is the preventive. He emphasizes that, since the 

late sixties, correlated to the capitalist system crisis, the biomedical model starts to 

suffer compelling criticism. Such criticism, according to the author, are not dissociated 

from the critics directed at the very paradigms of scientificism, and the ideas of 

neutrality and timelessness attributed to the science conceived as universal. 
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With the change of the healthcare attention models new focuses took place. 

Although, the focus on the informed choice and on the personal development are also 

based in the assumption of the individual responsibility over action and in the perfecting 

of man through education, and end up transferring to the individuals the responsibility 

for problems, which determinations are found in the social relations and, therefore, in 

the structure of society itself, as Stotz warns us. Alternatively to these, the radical focus 

comes exactly from the acknowledgement that the conditions and the social structure 

are basic causes of the healthcare problems. The differential from the popular education 

and healthcare focus resides at the method that takes as starting point of the pedagogical 

process the previous knowledge of the popular classes. The technic-scientific 

knowledge itself is problematized, vis-à-vis their limitations, both for unknowing the 

causes of various diseases, and for many treatments being incapable of curing the 

patient and, in many cases, causing even undesired side effects. To the popular 

educator, stresses the author, it will be his responsibility “the creation of spaces for the 

elaboration of perplexities and anguishes arising from the intercultural contact, 

denouncing situations in which the power inequality between the groups and involved 

people transform the cultural exchange in imposition”. 

It is possible that the focuses coexist, or reappear contextualized, as every 

scientific field is a force field and a field of fighting to transform or conserve this force 

field. In a determined time and space, the dominant researchers and the researches 

define the objects; the questions relevant of answer; and their specific contribution. That 

which is different from the other fields and that is irreplaceable in its culture and 

society. 

Casotti (2009), trying to understand the conceptual and epistemological domain 

subjacent to the education on health practices, detached as predominant characteristics, 

which, even though referenced to determined periods, are not exclusive to an specific 

historical moment: 

- In the beginning of the century, a vertical and authoritarian practice was 

identified, which would not consider the touting of the subjects, even if 

directly involved and/or reached by the actions; and which aimed for the 

control of the risk factors of great epidemics. A sanitary police vision was 

founded. 

- From the thirties on, the diffusion of desired habits and behaviors, that 

intended to capacitate segments of the populace that did not have access to 

elementary information of education on health, was intensified by the usage 

of mass communication Media with the creation of the Special Public 

Healthcare Service (SESP), in 1950. Was based on the eugenicist ideas, 

associated with the liberal ideology and centered, as described in the 

education and health entry (MOROSINI et al, 2009), “In the individual 

responsibilities on the production of health”. This way, the problem solving 

in healthcare was restricted to the appliance of intervention forms based on 

the prescription of norms. 

- Sketched in the sixties, a new conception, associated with social movements 

that vindicated structural changes (sanitation, education, assistance), only got 

developed after the fall of the military dictatorship, at the late seventies, 

contextualized inside the movement for sanitation reform. Had strong 

influence of Paulo Freire and was founded and was founded on the ideas of 

the Unified Healthcare System (SUS), which centered the subject and his 
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collective as important part of the sectorial project; and also in a more ample 

project of society. 

In a critic conception, health is not consequence of absence of disease. The idea of a 

healthy life is more tied to health as social right, decent living conditions, and not only 

with access to the healthcare services. In that sense, accordingly to education on health 

entries, health and disease are understood as social productions, passible of action and 

transformation and implying also in collective actions, and not only in individual plans 

of intervention. 

- Since the nineties, education on health becomes inscribed in two major 

movements: health promotion, international scope, and the formation of 

healthcare professionals, with national peculiarity. The formation goes 

through significant reconfigurations, face to the paradigmatic changes 

permeating itself and, still, the ones coming from the informational and 

technological changes.  The major tendencies refer to the offer of permanent 

education; the hierarchic reorganization of functions and the appearing of 

new specializations and professional activities; the curricular changes in 

initial formation, in post-graduation and continuous formation, aimed, for 

example, to the qualification of multiprofessional team. 

Gazinelli et al (2005) observe that the reflections that are being made, during the past 

four decades, present significant development and reorientation both in the theoretical 

as in the educative formulations, but which are not being translated in concrete 

educational interventions. The difficulty in the transposition is associated, according to 

the authors, to the hegemony of the model in which the situations of inequality are not 

what have to change, but the individuals themselves. 

 

THE STUDY 

 In our case, we had the commitment of making the Initial Formation process of 

teachers reflexive and critic, about the educational practices referred to the Health 

Promotion and the use of ICT; it is inseparable of an permanent professionalization, of 

authoring teachers. The teachers of the fourth year of the elementary school, responsible 

by the subjects: Physical and Natural Science and Didactic Psychological Knowledge in 

Infant Education, from the Teacher Training course, opted for realizing an 

interdisciplinary pedagogic work, based on project development, aiming at the “to learn 

doing, establishing relations, ressignificating meanings and practices”, and trying to 

potentiate an authoring posture from the students. 

 One of the teachers, egress from the Continuous Formation Program Medias in 

Education, in the distant education modality (EAD), understood the project as an 

opportunity to apply the knowledge acquired on the pedagogical appropriation of the 

ICT. Due to that, specific objectives were also drawn: to foment the utilization of the 

new Medias in the construction of knowledge; to reflect about the utilization of the 

Medias in educative actions that involve cooperation; to analyze the effectiveness of the 

planning and the shared usage of Medias. 

 We understand the study has special relevance because It focuses the efforts to 

constitute collective knowledge about Health Promotion, in a transforming perspective, 

and uses the ICT to facilitate its configuration. It is worth remembering that part of our 

investigation is tied to knowing the experiences of pedagogical appropriation of the ICT 

lived by teachers egress from the specialization program Medias in Education, which 
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intended, according to promoted publicity, in the opportunity of its launch, by the 

National Association of the Federal Institutions of Superior Education Managers 

(ANDIFES, 2007), to be an reference to online courses. Founded on the conception of 

coauthoring as a learning strategy, in a problematizing, critic-analytic perspective, and 

associated to a socio-interactionist vision without, however, in some occasions, not 

being connected to instrumental focuses; in its Initial Project (BRASIL, 2005), presents 

as one of its main characteristics “the integration of the different Medias to the teaching 

learning project, promoting the diversity of languages and the stimulus to the authoring 

on different Medias”. 

 In this new pedagogical proposition, promoted to the Program, the content-

oriented teacher, the text-book, the curricular activity that dispense a constructive 

collection with the students, inside and outside the classroom, loose their meaning, 

whilst grow the applications of the new technologies. The pedagogical appropriation of 

the Medias in the educational scene has defined a separation between the teacher and 

the figure of authority, shifting from the owner of the knowledge to a learning advisor. 

The role change from who teacher to who learns, shares and collaborates with the 

learning of its students has been caused by the perspective of the virtual environments, 

when constituted as collective spaces of cooperation and collective and individual 

authoring. In this context, authoring is a process of production, deconstruction and 

reconstruction of knowledge and can be taken as result of good learning. It is not about, 

however, during the teacher training, just informing, or admitting a cultural change. It Is 

about constituting a new knowhow, under new perspective, because an infrastructure 

incorporation without rescaling the distribution of times and spaces, or without altering 

the way how the curricular activities are performed, is mere colonization of the ICT. 

 Danelon (2012) pointed that, when promoting the project, the following 

principles were considered: in the globalized world of today “a new way of living in 

society is being generated and constantly recreated”; there is an each time faster rhythm 

and an each time bigger volume of available information; “school need to migrate from 

the position f informative environment” to a constructive environment; there is a change 

in the role and in the functions of the teacher (who ceases to be the sole owner of 

knowledge, and who now learns in the act of educating) and in the relation of the 

student with the production of the academic knowledge (which no longer is a mere 

receptor of knowledge, and who now also teaches whilst learning); learning is 

associated with reflection, dialogue and cooperation processes (FREIRE, 1996); the 

Medias can, and should, be pedagogically appropriated; school must search for social 

emancipation of the involved in the educational process. Besides, the relevance of the 

project was emphasized, considering that its implantation could interfere in the own 

construction of identity and formation of a student, who is also a future professional of 

the educational field, either for being involved in the signaled principles, or for 

investing in the interdisciplinarity, and for the potentiation of the authoring actions. 

 The initial proposition of the actual project, beyond associating both subjects, 

consisted in the students presenting information concerning some childhood diseases 

through a DVD, which would then be sent to the Department of Education for content 

analysis, and editing, aiming for its distribution as a Continuous Formation tool. In 

parallel, the teachers shared a Health Promotion proposition. At the end of the project, it 

was identified in the work of the first group an hybrid production, which contained 

more informative elements directed to an individual action than to an collective action; 

and mainly aimed at a behaviorist Health Promotion perspective. Also, it was observed 

that the contents were not fitted into the specificities of the proposed dissemination 
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Media. To the second group, the teachers produced a new planning and sought to 

present, even, the anterior productions, to prevent such contradictions. According to 

their reports, an unilateral movement could still be observed: from teachers to students. 

With the continuity, the construction of the Health Promotion concept got modified and 

the decisions started to be constituted by everyone involved in the process. The idea of 

constituting a blog to promote the actions of the team was retaken and implemented. 

From the textual production of the students about expectations concerning the results 

and Health Promotion, the teachers were capable of identifying the level of 

understanding of the thematic by the students and, then, they gave start to the practice 

stage, with readings and debates, seeking to deconstruct misunderstood myths, using the 

perspective of a critic focus, and allowing the collective production of actions in the 

school environment. The selected learning strategies, however, according to the 

teachers’ reports, were not enough to unmake the behaviorist aspect, what took them to 

new educational actions, in the sense of emphasizing health as a collective achievement 

and the educational process directed as one of the alternatives to changing the local 

reality.. The project is currently being developed, with a third group. 

 The teachers did not forget to report the many conflicts and difficulties and 

stressed their own maturation in their function of mediators. Those conflicts happened 

in the pedagogical appropriation of the Medias, in what refers to the construction of a 

new role to the coauthoring student, and to the mediating teacher, in the teaching 

learning process. The students lived, in the own educational environment, other 

pedagogical practices in which they are urged to remain inactive, receptive to an 

education disguised as modern, with the mere transposition of the traditional to mediatic 

effects and resources. Despite considering that Health Promotion, in a transforming 

perspective, brings in itself the concept of authoring, they know that it’s about an 

ongoing process, which confronts the own historic evolution of Education on Health; 

admit that many students act inside the behaviorist model; and have been searching for 

strategies to continue the process. 

 

FINAL THOUGHTS 

 The great majority of the Curricular Policies are photographs that draw schools 

and the people that integrate them as hegemonic typifications of particular times and 

spaces, proper to the experimentation of contingent and precarious deals, resulting from 

many disputes, but passible of being organized in a discursive totality and of 

incorporating multiple meanings. The policies define how we should act and to what 

rules should we abide; legitimate values and beliefs of their authors; and cause bigger, 

or smaller, effect, accordingly to the control apparatus they are capable of activating 

(financing, evaluations, promotions). We understand the practices proposed by the 

teacher-instructors as attempts of representation of local Curricular Policies, which 

contribute, according to Ball (2009), to the production of meanings to the Continuous 

Policy Production Cycle. 

 The meanings, however, are not product of a single context and were articulated, 

for example, to the integrating projects of curricular policies such as interdisciplinarity, 

contextualization, quotidian and formation for citizenship. On the context of practice of 

this school, problems close to the students’ life and future professional lives were 

approached. Coming close to the quotidian of the students motivates them, allowing the 

construction of a dialogue that results the collective production of new knowledge and 

quotidian practices. The contextualization was tied not only with the idea of taking the 
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student out of the condition of passivity, but also to elucidate the social implication that 

affect the life of that community, from which the students are integrant part. To the 

exercise of citizenship were considered the relation between health promotion and new 

technologies that can help in the taking of decisions, for allowing access to information 

and the sharing and trade inherent to political action. The utilization of ICT, articulated 

with these principles and meanings, possibilitated that the teachers could defend the 

incorporation of the usage of technologies in opposition to the traditional teaching; and 

the improvement of the teaching-learning process, not in its efficacy, but in the 

implementation of a collective construction of knowledge, practicing coauthoring and 

the redefinition of the teachers’ role. 

 It is much easier to accept new ideas and information, than it is to change 

practices. The students and teachers are the main agents of the change in the teaching 

and learning environment and that, together and dialectally will build the ways for the 

production of knowledge. The new role of the teacher as learning advisor, or co 

apprentice, implies substantive altering in the traditional teaching practices, being this 

related or not the pedagogical appropriation of ICT. Costa (2012) points out that time is 

needed for the transformations to take place, and that they cannot be imposed. He 

argues that if, for example, the domain of the digital tools contributes to the 

development of trust, it is, above all, internal factors that determine its utilization. That 

does not mean neglecting formation, or the collaboration between pairs, but 

understanding that these measures, alone, will not be enough. 

 Even it there are more favourable policies to the development of practices that 

help promoting changes, cohabiting with others more crystalized (incentives, 

scholarships, national exams, for example) that force continuity, the institution of 

changes in the educational scene and the adoption of new practices do not become 

concrete only in function of the comprehension or acceptance of policies. There are 

many constraints to the acting of the teacher. The academic context and his Formation 

are only a sample of them. We do believe, however, as Figueiredo (2012) that there are 

collaborating teachers, professionals committed in introducing alternatives through the 

margins, who, with their practices, not only offer contexts for us to embrace diversity, 

working in cooperation and in an interdisciplinary way, but also inspiring the 

configuration of a school in which learning is to construct knowledge itself, in which 

you learn by doing, experimenting, and not only hearing, in a process of mutual help, 

between pairs (teachers and teachers; students between themselves) and, even, between 

teachers and students. 
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Abstract: Student difficulties in learning Physics have been thoroughly discussed in the 

scientific literature. Of particular interest to this work, is their general difficulty in 

distinguishing between the concepts of velocity and acceleration. Already in 1980, Papert 

discusses how students trying to develop Newtonian thinking about motion have no direct 

experience of pure Newtonian objects; he complained that schools teach Newtonian motion 

by manipulating equations rather than by manipulating the Newtonian objects themselves, 

what would be possible in a ‘physics microworld’. Second Life (SL) is a huge simulation of 

an Earth-like world and can be used as a platform for building immersive virtual simulations 

in which the student can experience alternative physical descriptions in a way that is 

completely impossible in real world. On the other hand, SL and its scripting language have a 

remarkable learning curve that discourages most teachers at using it as an environment for 

educational computer simulations and microworlds. The objective of this work is to describe 

TATI, a textual interface which, through TATILogo, an accessible Logo language extension, 

allows the generation of various physics microworlds in Second Life, containing different 

types of objects that follow different physical laws, providing a learning path into Newtonian 

Physics. 

Keywords: Second Life, Logo, physics microworlds, physics teaching, computer simulations 

 

INTRODUCTION 

Student difficulties in learning Physics have been thoroughly discussed and there is an 

extensive scientific literature on the subject, accumulated since the 70's. Of particular interest 

to this work, is their general difficulty in distinguishing between the concepts of velocity and 

acceleration (Trowbridge and McDermott, 1981). See (Rosenblatt & Heckler, 2011) for a 

recent review. 

On the other hand, already in 1980 Papert discussed how students trying to develop 

Newtonian thinking about motion have no direct experience of pure Newtonian motion (1980, 

p. 123), that is, of real objects that are totally free of forces so that they continue to move 

forever at a constant speed and in a straight line. The best thing schools can provide is the 

ubiquitous piece of physics laboratory equipment known as air track (or air table) where 

compressed air is used to exactly compensate friction and gravity forces providing a situation 

of no net force, what is not the same as being free of forces. Papert then emphasizes that, in 

the absence of direct and physical experiences of manipulating Newtonian objects, schools 

are forced to teach it by manipulating equations, a practice that lacks immediacy (Ibid., 

p. 123-124). Paraphrasing the Logo creators, the idea of an experiment with Newtonian 

objects was, until recently, unrealizable, except in very special or superficial senses. How 

could a person set in motion a sequence of physical events or a physical process with them, 

and then see its effects unfold? Using a computer with an appropriate programming language 

adds this extra dimension to physical experience (Feurzeig, Papert, Bloom, Grant, and 

Solomon, 1969). 
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Displeased with this inefficient learning process, Papert proposed his physics 

microworlds (1980, p. 120-134), computer-simulated worlds where students would not only 

have direct access to Newtonian motion but also have the opportunity of playing with 

different alternative laws of motion, and even with laws of motion they could invent for 

themselves (Ibid., p. 125), progressing along a learning path (Ibid., p. 123) from the 

historically and psychologically important Aristotelian ideas, through the ‘correct’ Newton’s 

Laws, the more complex Einstein’s Relativity Theory, and even to laws of motion that 

students could invent for themselves (Ibid., p. 125), without being force-fed ‘correct’ theories 

before they are ready to understand them (Ibid., p. 133). 

It is important to understand here that Papert’s microworlds are not mere learning objects 

‘from’ which the student would learn but rather intellectual environments in which the 

emphasis is on the process, in expressive languages for talking about process and in recasting 

old knowledge in these new languages (Papert, 1980, p. 184). Here, this author anticipates 

both Borba’s concept of ‘humans-with-media’ and Rosa’s idea of the student ‘thinking-with’ 

and ‘learning-with’ the computer (Bicudo & Rosa, 2007). 

Far from being an unfulfilled promise attached to a specific ageing technology, 

Kynigos (2012) discusses how Constructionism
1
 is essentially an epistemology creating 

continual need for an evolving theory of learning in collectives and individually and at the 

same time a theory of design of new digital media. During these 30 years after Papert’s 

proposal, the Logo
2
 language has been much discussed and there are various 3D virtual 

environments based or inspired on Logo including MachineLab Turtleworld (MaLT) 

(Kynigos, Koutlis, and Hadzilacos, 1997), Logo3D (Jones and Overall, 2004), 3D Turtle 

Geometry (Verhoeff, 2010), PlayLOGO 3D (Paliokas, Arapidis, and Mpimpitsos, 2011), 

O3Logo (Ueno, Wada, Ashida, Kida, and Tsushima, 2012), and SLurtles (Girvan, Tangney, 

& Savage, 2013). However, while the emphasis in all these implementations is on 

Mathematics Education, mathematical representations are given very low priority by media 

designers (Kynigos, 2012) and, to our knowledge, apart from the primitive diSessa’s 

Dynaturtles (Abelson & diSessa, 1981) there is no other microworld implementation which 

allows the experimentation with physical laws, as conceived by Papert.  

Recently, dos Santos (2009) advocated the viability of the Second Life (SL) environment as a 

platform for building physical microworlds for Physics teaching, immersive virtual 

simulations in which the student can experience alternative physical descriptions in a way that 

is completely impossible in real world, realizing Papert’s proposal with an incomparable 

degree of realism and similarity to Papert’s (1980) Turtles
3
. As shown in (dos Santos, 2012a), 

SL is a huge simulation of an Earth-like world and definitely cannot be seen as a mere game.  

However, some important points must be taken into account when planning to build a 

simulator or a physical microworld in SL (see (dos Santos, 2009, 2012a) for further 

discussion). First, one should remember that SL Physics is neither the Galilean/Newtonian 

“idealized” Physics nor a real-world Physics virtualization (dos Santos, 2009), but a kind of   

“synthetic physics” (Glasauer, 2012) which dos Santos (2009) refers to as “hyper-real”. 

Secondly, SL is not a ‘classic’ simulator like Modellus (Teodoro, Duque Vieira, and Costa 

Clérigo, 1997), but a viable and flexible platform for microworlds and simulations, although 

creativity is generally required to overcome the difficulties of implementation (dos Santos, 

2012a). Moreover, although it is rich in resources, one cannot say that SL is an easy-to-use 

platform. There is a considerable learning curve (Sanchez, 2009) in learning Linden Scripting 

Language (LSL) (“LSL Portal”), without which one cannot add interactivity features to the 

objects and fatally ends up with a kind of gigantic Lego™. These factors surely discourage 
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most Physics teachers which probably will not be willing to invest so much time learning LSL 

only to build simple educational simulations.  

Aware of these shortcomings, it was decided to build TATI, The Amiable Textual Interface 

for Second Life, which would translate simple Logo-like commands into the sometimes 

cryptic LSL commands that would generate objects following alternative physical laws, 

similar to Papert's turtles (1980) or, even better, to diSessa's Dynaturtles (dynamical turtles) 

(Abelson and diSessa, 1981). As Abelson explains, 

 

“A dynamic turtle or dynaturtle behaves as though it were a rocket ship in outer 

space. To make it move you have to give it a kick by 'firing a rocket'. It then 

keeps moving in the same direction until you give it another kick. When you 

change its direction, it does not move in the new direction until you give it a 

new kick. Its new motion is a combination of the old motion and the motion 

caused by the new kick (Abelson, 1982, p. 121).” 

 

Papert (1980, p. 128) proposed a sequence of four types of objects: geometry, speed, 

acceleration and Newtonian Turtles, offering a learning path into Newtonian laws of motion 

(Ibid., p. 123). Instead of ‘turtles' obeying only geometric commands such as FORWARD, 

BACKWARD, RIGHT, or LEFT, these other types of ‘turtles’ would understand commands such as 

SPINUP or ACCELERATE and several others related to its various physical states-changes (Ibid., 

p. 128).  

In the remainder of this paper, we will describe the construction of TATI, the various types of 

objects it creates and its high-level language, TATILogo. 

 

MATERIAL AND METHODS 

TATILogo (dos Santos, 2012d) programming language was built by defining it through a 

context-free grammar, expressed in a variant of EBNF
4
 compatible with the scanner's online 

site Toolkit RPA
5
 which was used to validate TATILogo syntax. 

Once TATILogo syntax was fixed, its parser
6
 for the corresponding command-line interpreter 

was then built according to a top-down
7
 parsing model (Aho, Sethi, and Ullman, 1986). 

Books and reference sites on LSL and construction of objects in SL (“LSL Wiki”, Moore et 

al., 2008) were used for the building of the translator from TATILogo to the LSL commands 

that actually generate the six types of object in the SL environment. 

Finally comes the implementation of the six types of object that TATI offers to the user. It 

was based on (“Physical”) and (“Non-Physical”) for the two of them which are standard SL 

objects; the four ones corresponding to Papert’s geometry, speed, acceleration and Newtonian 

‘turtles’ had their physical behaviors implemented by carefully coded LSL scripts which 

superseded the standard SL objects properties, according to Papert (1980, pp. 127-128), as 

described below.  

 

RESULTS AND DISCUSSION 

Now we proceed to describe in more detail TATI features such as the properties of the various 

types of objects TATI creates, TATILogo commands, and the main difficulty faced in 

building it.  

Strand 4 Digital resources for science teaching and learning

769



TATI objects 

As said before, Papert (1980, p. 128) proposed a learning sequence of four types of objects: 

geometry, speed, acceleration and Newtonian Turtles. For compatibility, TATI should also be 

able to generate the two basic types of primitives in Second Life: physical objects and non-

physical (“Non-Physical”, “Physical”). Therefore, TATI offers the following six types of 

object to its user:  

NOROBJECTs, which are the basic SL primitive (“Primitive”) building blocks, used to make 

houses, vehicles, clothes, and so on. They are unaffected by gravity and have only such 

attributes as color, size, texture, and position. 

GEOOBJECTs, which correspond to Papert’s GEOMETRY TURTLEs (Ibid., p. 122), having two 

geometric components only: position and heading. 

VELOBJECTs, which correspond to Papert’s VELOCITY TURTLEs (Ibid., p. 128). Its position 

changes as a consequence of its velocity; differently from the GEOOBJECT, there is no 

command to directly change its position but only to set or change its velocity. 

ACCOBJECTs, which implement Papert’s ACCELERATION TURTLEs. It is another intermediate 

between the geometry Turtle and a Newtonian particle (Ibid., p. 128). If VELOBJECTs could 

not take instructions to directly change its position, ACCOBJECTs only understand commands 

to set or change its acceleration.  

NEWOBJECTs, which intend to implement Papert’s NEWTONIAN TURTLEs, those that can accept 

only orders for changing their momentum (Ibid., p. 128).  

PHYOBJECTs, which are the basic SL physical objects (“Physical”) controlled by the physics 

simulation engine Havok™ as explained before. They are subject to SL dynamics, including 

gravity, forces, collisions, friction, and buoyancy, among other effects. 

They are summarized in Table 1 with their correspondence with Papert’s Turtles and SL 

objects. 

Table 1  

Correspondence between TATI objects and Papert’s turtles and Second Life objects 

Object Turtle or Second Life 

object 

Characteristics 

NOROBJECT Basic non-physical SL 

object 

Insensitive to SL gravity, accepts SL kinematic 

functions (llSetPos, llSetRot, etc.). 

GEOOBJECT Geometry turtle Insensitive to SL gravity, has only two geometric 

components: position and heading. 

VELOBJECT Velocity turtle Insensitive to SL gravity, there is no command to 

change its position, but only its velocity through the 

SETVEL command; its position will change as a 

consequence of its velocity. 

ACCOBJECT Acceleration turtle Insensitive to SL gravity, accepts only the command 

SETACCEL, in the sense of “Change your velocity by x, 

no matter what your velocity happens to be”. 

NEWOBJECT Newtonian turtle Insensitive to SL gravity, accepts only commands such 

as ADDFORCE that change its momentum (forces) only. 

PHYOBJECT Basic physical SL object Subject to SL gravity and dynamics, accepts SL kinetic 

functions (llSetForce, llGetAccel, llGetOmega, etc.). 
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It is worth remembering that, according to Papert (1980, pp. 127-128), each object type 

populates a microworld, a “transitional system” (Ibid., p. 122) of its own. Now, TATI goes 

further and allows not only the creation of microworlds and the manipulation of objects, each 

with a different set of physical laws, but it allows the creation of some kind of surreal 

microworld where different kinds of objects and physical laws can coexist simultaneously! 

 

TATILogo 

As (Hoyles et al., 2002) argue, “programming is the prototypical tool for the constructionist 

vision, and a microworld without programming runs the risk of avoiding just the thing that 

gives a microworld its power”. Moreover, “if children cannot program at all, how can they 

build the tools that they need to model and come to understand a mathematical idea?” 

Therefore, it seemed clear that TATI should have its own high-level programming language. 

Of course, other more ‘modern’ alternatives such as non-textual programming languages or 

non-linguistic (iconic, GUI) interfaces, such as in SLurtles (Girvan, Tangney, & Savage, 

2013), were considered, but the LSL limitation of 64 KB of total memory for scripts (“LSL 

Script Memory”) made these alternatives looking unattainable. 

In the same way as Papert extended the basic Logo language to add new commands for the 

new types of turtles (1980, p. 122), TATI offers its user TATILogo (dos Santos, 2012d), an 

accessible Logo language extension to manipulate each one of the above objects. For 

coherence with geometry turtles, the basic FORWARD and BACKWARD commands have been 

kept without change while SETPOS and SETHEADING, renamed to SETROT, were implemented 

but only in order to facilitate the initial placement of objects in a dynamic simulation. 

Furthermore, being SL a 3D environment where rotations around all three axes were allowed, 

the commands UP, DOWN, CLOCK, and ACLOCK were included in TATILogo in addition to LEFT 

and RIGHT. 

Moreover, it was decided to include commands for the other objects, more similar to the 

geometric “state-change operators” (Papert, 1980, p. 127) such as FORWARD and BACKWARD 

shown above. Thus, besides SETVEL that corresponds to take on some velocity, which can be in 

any specified direction, the commands SPEEDUP and SLOWDOWN were included, both with 

scalar parameters (float), in order to increase (or decrease) the object’s speed in the same 

direction of its orientation. By analogy, the commands SETANGVEL (vector) was included to set 

the object’s angular velocity while SPINUP and SPINDOWN (float) increase or decrease its 

angular speed. 

For acceleration objects, for coherence with the other SET* commands, we diverged from 

Papert’s CHANGE VELOCITY command (Ibid., p. 128) and defined the commands SETACCEL and 

SETANGACCEL which apply acceleration and angular acceleration respectively to the object.  

Finally, for Newtonian objects commands such as APPTORQUE and APPROTIMPULSE in addition 

to APPFORCE and APPIMPULSE to apply a torque
8
 and an impulse

9
, respectively, were included. 

Here, we had to change from SET* to APP* because, physically speaking, forces, torques and 

impulses are not object states like position and velocity but agencies acting on the object from 

outside. 

Table 2 presents the application of each TATILogo command to the various types of object, 

according to their properties. 

TATI contains an interpreter for the TATILogo language, part of which is exhibited in 

Figure 1. TATILogo syntax has been intentionally made as simple as possible, not only to 
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facilitate the work of the parser, but also to make it easier for the user to interact with TATI. It 

is worth noting the simplified syntax )( xyx vvv (without commas) defined for vectors, instead 

of ),,( xyx vvv , as usual in Physics, or  xyx vvv ,, , as used by LSL functions. 

Table 2 

TATILogo commands allowed for each type of object available 

 NOROBJECT GEOOBJECT VELOBJECT ACCOBJECT NEWOBJECT PHYOBJECT 

GETPOS, 

GETROT 

      

FORWARD, 

BACKWARD, 

RIGHT, LEFT, 

UP, DOWN, 

CLOCK, ACLOCK 

      

SETVEL, 

SPEEDUP, 

SLOWDOWN 

      

SETANGVEL, 

SPINUP, 

SPINDOWN 


1 

     

SETACCEL, 

SETANGACCEL 

      

GETVEL, 

GETANGVEL 

      

GETACCEL       

APPFORCE, 

APPIMPULSE, 

APPTORQUE, 

APPROTIMPULSE 

GETFORCE, 

GETTORQUE 

      

1
 purely SL client-side simulated effect only, not server-side. 

TATI makes use of the very convenient llParseString2List LSL function 

(“llParseString2List”) which does all the scanning work and converts the text typed by the 

user in the chat box into a list of tokens. This list of tokens is syntactically and semantically 

analyzed according to TATILogo syntax (Figure 1) giving appropriate error messages in case 

of parameter malformation, parameter inadequacy to the command or command inadequacy 

to the type of object. To help new users, TATILogo includes commands such as HELP, and 

LIST, as can be seen from Figure 1. If the list of tokens is well-formed, the translator issues the 

corresponding LSL commands that actually generate and act on the objects in the SL 

environment. 

Points worth noting 

In addition to the commands described above, a few other TATI features provided by 

TATILogo are noteworthy. 

The LSL function that materializes (rezzes
10

) objects do it from copies of primitives that are 

already in TATI inventory (“llRezObject”). Using the parameter object_shape of the CREATE 

command, not only the user can create objects of different types, but with different shapes as 

well, from a set of shape-objects previously included in the inventory of TATI, such as cube, 

sphere, cylinder, cone, apple, and airplane. Other shapes may be added into TATI inventory 

by the user, being recognized by the script and included in the shape_object list. 
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The shape_objects are white colored and therefore their copies are materialized in SL on the 

same color. However, the user can change their color through the COLOUR parameter, or with 

the command SETCOL after creation, from a predefined set of eight colors. 

 
Figure 1. Part of TATILogo syntax 

There are several commands for retrieving information about objects, such as GETCOL, 

GETTYPE, and GETPOS, to get the object color, type, or position, respectively. Each object is 

created with a user-defined identifier through the object_id parameter; the script sets it as the 

name of the created SL primitive object and displays it hovering over the object, making it 

easier to be referenced in the future. 

Finally, taking into account the culture of the “Impression Society” prevailing in SL (Au, 

2008, p. xix), which prizes what causes visual impact, it was found appropriated to theme the 

interface according to the symbolism of its function as a 'wizard hat'. Now, at one's orders, 

objects are rezzed over it 'like magic' (Figure 2). 

Examples of objects created by TATI are shown in Figure 2: a blue CUBE of NOROBJECT type, 

a PLANE of VELOBJECT type, and a yellow CONE of PHYOBJECT type, which is lying on the 

ground as it is subject to gravity. 

The REPEAT command allows for the repetition of a set of commands in a form similar to the 

classic Logo example of drawing a circumference (Papert, 1980, p. 58) (Figure 3).  
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An interesting exercise is to try to do closed trajectories with the non-geometric objects 

VELOBJECT, ACCOBJECT and NEWOBJECT. In the first case, for example, the user will soon 

discover that instead of geometric commands like FORWARD or BACKWARD are ineffective here 

and in addition to having to use a 'velocity' commands like SPEEDUP to assign some speed to 

the object, she will also have to use SLOWDOWN to stop it before turning it over with SPINUP 

and also to stop it from turning, repeating the entire process as many times as necessary 

(Figure 4).  

 
Figure 2. Examples of objects created with TATI 

In the case of ACCOBJECT, successive accelerations will be necessary to put the object in 

motion and to stop it, thus approaching the concept of centripetal acceleration
11

 until the case 

of NEWOBJECT, in which a centripetal force
12

 will be needed. Differently from the case of 

speeds with the VELOBJECT s, however, the user will soon learn that an equal and opposite 

acceleration will not stop the object but leave it in a state of constant linear or angular speed, 

according to Newton’s First Law. A discussion on the Physics involved in this exercise can be 

found in dos Santos (2012b). 

 
Figure 3. Logo procedure to draw a circle 

The ONGO option, when appended to any of the change-state commands described above, 

places its execution in a wait state, useful during the setup of a simulation, until the command 

GO is issued at the appropriate time. Examples of its utilization can be found in dos Santos 

(2012c). 

The CONNECT command is planned to be added soon. It implements Papert’s idea of ‘linked 

turtles/Dynaturtles' (1980, pp. 129-130) to learn Newton’s 3rd Law (action-reaction); the 

commands given to one object will be played in reverse by the object linked to it. It is also 
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planned to make TATILogo a recursive language
13

, as Papert stated that of all ideas he had 

introduced to children “recursion stands out as the one idea that is particularly able to evoke 

an excited response” (Ibid., p. 71).  

 
Figure 4. TATILogo commands for a green plane realizing a square trajectory. 

The main difficulty in all these implementations, however, is the fact that LSL scripts are only 

provided with 64 KB of total memory, bytecode
14

, stack and heap
15

 included, at the Linden 

Lab servers (“LSL Script Memory”), limiting the LSL source code to about 800 lines and, 

therefore, requiring an increased creativity to implement new features in such a limited 

condition. 

TATI and TATILogo are in alpha test and final developments now, but will soon go to beta 

test by being released to a limited and selected group of volunteer users to perform usability 

and acceptance tests. 

 

CONCLUSIONS 

As mentioned in the Introduction, after the primitive diSessa’s Dynaturtles (Abelson & 

diSessa, 1981), to our knowledge TATI is the first microworld implementation which allows 

the experimentation with physical laws, as conceived by Papert. We believe that TATI 

provides the “computer-based interactive learning environment where the prerequisites are 

built into the system and where learners can become the active, constructing architects of their 

own learning” conceived by Papert (1980, p. 122). We also believe that our sequence of 

object types accomplishes his learning path (Ibid., p. 123) proposal, helping to alleviate 

students’ difficulty in discriminating between the concepts of position, velocity and 

acceleration (Trowbridge and McDermott, 1980, 1981). 

It is our hope that TATI and TATILogo will provide a significant contribution to physics 

learning, by allowing the user to “grab hold” of Newton’s laws (Papert, 1980, p. 121). At the 

same time, we expect them to reduce the SL learning curve (Sanchez, 2009), enabling users to 

build simple simulations and microworlds in an easy way without being forced to enter into 

the depths of LSL programming and making such an interesting tool as SL available to a 

greater number of teachers. 

 

NOTES 
1
 Constructionism is a learning theory built by Papert on Jean Piaget's epistemological theory 

of constructivism, holding, however, that learning is most effective when part of an activity 

the learner experiences as constructing is a meaningful product. 

2
 Logo is a graphic oriented educational programming language, designed in 1967 by Daniel 

G. Bobrow, Wally Feurzeig, Seymour Papert and Cynthia Solomon. Today it is remembered 

mainly for its use of ‘turtle graphics’ or ‘turtle geometry’, in which commands for 
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movement and drawing produced line graphics either on a computer screen or with a small 

robot called a ‘turtle’. 

3
 Turtle, in the context of the Logo programming language, is a small educational robot built 

low to the ground and vaguely resembling a real turtle, enabling what Papert called ‘body-

syntonic reasoning’ where students could reason about the turtle's motion by imagining 

what they would do with their own bodies if they were the ‘turtle’. 

4
 EBNF, or Extended Backus-Naur Form, in computer science, is a family of metasyntax 

notations, used to express a context-free grammar and to make a formal description of a 

computer programming language. 

5
 Available at: http://www.rpatk.net/web/en/parsecustom.php 

6
 Parser is a software component that analyses syntactically a string of symbols, either in 

natural language or in computer languages, into its component parts, according to the rules 

of a formal grammar. 

7
 Top-down parsing is a parsing strategy where one first looks at the highest level of the 

language parse tree and works down the tree by using the rewriting rules of the formal 

language grammar, in order to facilitate the writing of compilers and interpreters. 

8
 Torque is the rotational analogue of force that causes a change of angular momentum, 

usually in the form of angular accelerations. 

9
 Impulse is the result of the application of a force during certain, usually short, time interval, 

such as in a collision or stroke. 

10
 To rez, in Second Life, means to create or to make an object appear inworld. The concept 

was supposedly taken from the movie Tron's term ‘de-rezz’, which roughly means to 

dissolve in a certain way. 

11
 Centripetal acceleration is the acceleration an object doing circular motion is undergoing in 

the direction of the center of rotation. According to Newton's laws of motion, without this 

acceleration, the object would move in a straight line. 

12
 Centripetal force is the force in the direction of the center of rotation that causes the 

centripetal acceleration on an object doing circular motion (See note 
11

 supra). 

13
 Recursive programming languages are those that support recursion, a problem-solving 

method in which its solution depends on solutions to simpler instances of the same problem 

until some base (trivial) case is attained and solved without further recursion. 

14
 Bytecode is a machine-readable version of the script which is actually run by the SL 

simulator instead of the human-readable script. It is stored on the Linden Lab asset servers 

alongside the script itself. 

15
 Stack and heap are two portions of computer memory used for temporary storage of  

internal variables during script run. 
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Abstract: This research project aimed to promote innovative science education practices 

and methods in the Italian school on topics related to the Polar Regions. In particular, a 

series of teaching modules is proposed, based on the Inquiry-based learning approach, 

which is not widespread yet in Italy.  The modules include complete full lesson plans in 

teacher- and student-version and multimedia resources like lab video-clips, mini video-

lectures and smart board lessons.  All the resources are inspired by international Polar 

Research and Education experiences, and based on scientific data from a case study 

regarding the Antarctic glacial system. In order to evaluate the educational effectiveness 

of the modules, the resources have been tested by a group of in-service teachers and their 

pupils. The testing allowed the characterization of each resource in order to evaluate their 

effectiveness and facilitate their use in the classrooms. 

Keywords: Earth Sciences, IBSE, Polar Sciences, polar education, teaching resources.  

 

INTRODUCTION  

Polar Regions represent one of the most interesting natural environments that can engage 

students on topics related to global changes. Consequently, many international polar 

projects have been developing educational and outreach sections (e.g. SCAR, Scientific 

Committee for Antarctic Research (http://www.scar.org/communications/), APECS 

Association of Polar early Career Scientists (http://www.apecs.is), ANDRILL 

ANtarctic geological DRILLing (www.andrill.org), promoting enthusiasm for both 

formal and non-formal polar education worldwide (http://ipy-osc.no/; 

http://www.ipy2012montreal.ca/). This research aims to promote themes connected to 

Polar Regions in the Italian school, from the elementary class level upwards. The project 

is part of the “Teaching Earth Sciences” PhD curriculum of the School of Advanced 

Studies at the University of Camerino (Italy). This curriculum is reserved to teachers, 

with the aim of promoting the Inquiry-based learning to geosciences in the Italian School, 

under the recommendation of the Rocard Report (Rocard et al., 2007).  

Although the Inquiry based Science Education (IBSE) is quite new in the Italian School 

context, Polar Sciences are a subject where this educational approach can be 

experimented successfully. The project started at University of Camerino in 2011 and 

was developed in collaboration with the University of Siena. In fact, the project benefits 

from active collaboration among schools, science museums and universities. 
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STRUCTURE OF THE PROJECT  

In order to introduce Italian teachers to the inquiry-based learning of geosciences, we are 

proposing an educational path based on a teaching tools package that can be easily used 

in the classroom. The teaching resources of the package, named “From the polar regions 

to the schools”, were inspired by scientific data coming from the Polar research In fact, 

they are based on the data collected in a case study related to the ANDRILL 

(ANtarctic geological DRILLing) project (www.andrill.org) that in 2006-08 recovered a 

couple of sediment cores from the Antarctic seafloor. The evidence suggested a lot of 

investigable questions, that can easily engage pupils and bring them through a series of 

inquiring activities about polar topics and, more in general, Earth Science issues For 

example, astronomic asset of Earth, water and ice behaviour, rocks erosion, sediments 

deposition, principles of stratigraphy, relative and absolute dating, are the most 

interesting. The modules include a dozen of full lesson plans related to hands-on labs and 

linked to multimedia tools (e.g. smart board lessons, lab video-clip and mini video-

lectures). The resources have been designed considering the didactic necessities from 

both novice and expert teachers. Using these resources, novice IBSE teachers could feel 

more confident in approaching IBSE, whereas the expert teachers could find ready 

resources, saving time for lesson preparation. Moreover, our aim was also to produce 

versatile material, which can be useful not only for teachers interested in promoting polar 

topics, but just in improving the Inquiry Based Science Education in the classrooms in 

other Earth Sciences contexts. All the resources are in fact completely independent from 

each other, but they can be linked together in a unique educational path.  In order to guide 

the teachers during the activities, the lesson plans are available both in teacher- and 

student-version and they are temporarily proposed in Italian only, even if non-Italian 

speakers can use easily some media resources. The modules will be soon downloadable 

for free in a dedicated website (www.unicam.it/geologia/unicamearth). 

 

CASE STUDY 

All the teaching activities were inspired by a case study consisting of the analysis of some 

characteristics of seafloor sediments in the uppermost 200 meters of the ANDRILL MIS 

1-B core. In particular, the study involves the evaluation of some parameters related to 

lithology, like shape, dimensions and clasts amounts along the record. The whole MIS 1-

B record is about 1280 m long and spans the last 13.7 millions years of Earth history 

(Wilson et al., 2007). It has been recovered by an international research group of 

scientists in McMurdo Sound, Ross Embayment (Antarctica), during the austral summer 

2006/07. The aim of the analysis was to detect evidences on the behaviour of Ross Ice 

Shelf in the last 2.5-3 Ma, in particular, the advances and retreats of ice cover as a 

function of past climate changes. This analysis could evidence fine oscillations of the 

glacial cover above the drilling site that can be argued from the morphology variation of 

the sediments transported by the glacier streams, depending on their global 

dynamics. The core portion under analysis corresponds approximately to Pleistocene 

period and to the Late Pliocene, when the glaciations occurred. Consequently this kind of 

analysis could be useful to better understand the behaviour of the Antarctic ice cap in 

glacial and interglacial steps. On the other hand, the ice cover is directly connected with 

the global sea level and consequently this kind of study could also gain new information 

about this issue, which is fundamental to make prediction about the future Earth climate.  
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MATERIALS AND METHODS 

The lesson plans are based on the inquiry-based 5 E’s model (Bybee et al., 2006) and 

inspired to the definition of inquiry given by Linn M. C. et al. (2004). Their structure 

differs from common “cookbook” activities, in which students are not autonomous in 

investigating, and have to follow tasks sequences and strict procedures (Magee &  

Flessner, 2005). Moreover, the lesson plans differ also from completely open Inquiry 

activities, in which many students, as well as teachers, often struggle (Bianchi and Bell, 

2008).  In our modules we propose continuous alternation between action and reflection, 

consequently the teacher has a facilitator role, guiding pupils in a typical “structured 

inquiry” (Bell et al., 2005). Moreover, each lesson plan is linked to all the materials 

needed to carry on the investigation, but at the same time giving space to correct 

terminology, laws formalization, and basic scientific information. Anyway, students can 

use tools autonomously, without suggestions or guide, for example in a flipped-classroom 

approach (Bishop & Verleger, 2013). Detailed worksheets (teacher and student 

worksheet) allow users to perform every activity. 

 

STUDENT AND TEACHER WORKSHEETS 

Each lesson plan follows a standard template, organized in sections (Fig.1). The student 

worksheet consists of the following ones: 

Master worksheet includes a short case study, some investigable questions and the list of 

the activities. Moreover, it includes some blank textboxes where pupils can write down 

their hypothesis and opinions and suggest strategies to design experiments. 

Documents collect basic information about the topics, links to web resources as well to 

lab video-clips and mini video-lectures. They can be consulted whenever the pupils need.  

My experiments include the guide to hands-on and minds-on labs, which allow pupils to 

gain evidence about the initial investigable questions, but also propose several 

alternatives that might be tested. 

My explanations allow pupils to collect and organize their data, interpreting results and 

explaining phenomena observed in the experiments. 

Outcomes include a guided activity that makes pupils able to extend their knowledge in a 

more general sense, or to other general contexts. This section can be also used to assess 

skills and knowledge gained with the activity. 

The teacher worksheet has the same organization of the student-worksheet but includes 

basic teaching information, like educational objectives, indication about pupils target and 

strategies to adopt in the classroom. Moreover, it helps teachers to guide pupils in the 

whole activity, suggesting how to follow them, step by step, guiding and facilitating their 

work at different moments. Furthermore, the teacher worksheet includes all the expected 

results from the hands-on laboratories, some suggestions to perform them successfully, 

and finally the expected correct answers to exercises. 
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Figure 1. Structure of lesson plans. 

 

MEDIA RESOURCES 

A number of different media have been designed in parallel with the lesson plans in order 

to be adapted to the activity demands.   

The lab video-clips show the same hands-on experiments suggested in the lesson plans. 

They are recorded without a narrating voice, but showing questions as subtitles. In this 

way, the video can be stopped at every moment, to stimulate the pupils thinking skills. 

Versions without any subtitle are also available, which could be useful for teachers that 

are more expert on Inquiry or more confident in proposing open inquiry. Moreover, the 

“mute” video could be interesting also for non-Italian speakers. The video-clips can be 

used before or after the experiment, or instead of it, if there is not enough time to dedicate 

to hands-on performance.  

The smart-board lessons resume the activity steps, including extra resources such as 

videos, images, schemes, which can ben useful other than to engage students, also in 

promoting their active participation and learning, directly at the interactive white-board. 

The mini video-lectures explain shortly some basic contents and can be used to present 

some phenomena to students or to resume the final outcomes.  

In a flipped-classroom context all the previous media tools can be used to anticipate 

themes and problems (Bishop & Verleger, 2013), engaging students in the topics at the 

mastersheet	

my	experiments	

outcome	

documents	

• case	study	
• inves gable	ques ons	
• guide	to	the	ac vity	
• opinions	and	hypothesis	
• final	results	
• sugges on	for	the	report	

• guide	to	the	hands	on		
• observa ons	

• collec ng	and	elabora ng	
data	

• alterna ve	explana ons	
• evidence	related	to	the	
experiment	

	

	

• basic	informa on	
about	the	topics	

• links	to	video-labs	and	
video-lessons	

• links	and	reference	to	
further	inves ga on	

• Other	case	studies	to	
extend	the	knowledge		

	
	

EXPLORE	

EXPLAIN	

EVALUATE	

ELABORATE	

my	explana ons	

Strand 4 Digital resources for science teaching and learning

782



same time. 

 

INQUIRY-BASED CORE OF THE PROJECT 

Starting from the analysis and the elaboration of the MIS 1-B core data, a lot of 

interesting educational aspects arose, inspired to the themes suggested by Kaiser et al. 

(2010) and to the approach of St. John et al. (2012). In particular, some IBS questions 

drove the modules, as shown in Table 1.  

 

Table 1 

Topics, tools and IBS questioning  

 

Topics and procedures followed by students are shown in Table 2, listed for the single 

modules. We propose also a logical path linking the modules that is shown in the flow 

chart of Fig. 2 

 

 

 

TEACHING 

MODULE 

 

LAB  

VIDEO-

CLIP 

HANDS-

ON 

SMART-

BOARD 

LESSON 

VIDEO-

LECTUR

ES 

IBS 

questioning 

Adventure To Earth 

Poles 

 ✔ ✔ ✔ What are the characteristics 

of a planet that allow it to 

have Polar Regions? 

Energy From The 

Sun 

 ✔ ✔ ✔ What are the factors that 

influence the amount of Sun 

energy reaching the Earth? 

The Magic 

Substance, H2o 

✔ ✔ ✔ ✔ What are the properties of 

water? 

Ice Power ✔ ✔   What is the power of ice in 

modelling rocky surface of 

Earth? 

If polar ice melts... ✔ ✔ ✔  In which way the behaviour 

of the ice sheet is linked to 

temperature variation? 

What happens if the polar 

ice melts at all? 

The thermal 
“shield” of Earth 

✔ ✔ ✔ ✔ Why are the Polar Regions 

so frozen? 

The Earth cover ✔ ✔ ✔  Why is global temperature 

rising? 

Oceans in motion ✔ ✔ ✔  Why does ocean water 

move? 

Antarctica and the 

secrets of climate 

✔ ✔ ✔  What kind of clues about 

the past climate can we find 

in the sediments cores? 

How was the Earth in 

the past? 

 ✔ ✔ ✔ Where can we find clues 

about the Earth past 

climate? 

Oxygen, foraminifera 

and climate: an 

unexpected 

connection 

  ✔ ✔ How do the oxygen isotopes 

respond to the global 

temperature? 
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Table 2  

Topics and procedures of teaching modules. 

TEACHING 

MODULE 

TOPICS  

Adventure To Earth 

Poles 

    Using a simple hand made model, students are able to evidence that Polar 

Regions are more extended when the planet axis is tilted at a greater angle 

respect to the orbit plane. 

  Measuring angles, collecting data about Sun lightening, students observe the 

different exposure of Earth during its revolution around the Sun.  

Energy From The 

Sun 

Students investigate about the main factors responsible of different Sun 

irradiance, in particular Sun distance, lightening duration and surface inclination 

respect to the sunrays direction. Measuring temperatures in different conditions 

they are able to extend the evidence to other planets.   

The Magic 

Substance, H2O 

Through simple experiments, students investigate about the physical and 

chemical properties of water, quite strange for sure. In this way they can apply 

their knowledge to different environments.  

Ice power 

Using a polymer, simple and low cost to produce, students can simulate the 

behaviour of ice sliding on a more or less tilted surface and appreciate the 

different speed of wet versus dry glacier in flowing down. Then they compare 

their experience with some of critical issues happening at the Poles, like the 

increasing of ice streams, linking it to global warming.  

If polar ice melts... 

Students investigate on what happens when grounded or not grounded ice melts 

highlighting the differences in water level rising in the two different cases. 

Moreover, they extend the evidence to the global context, in particular to the 

problem of the sea level rise.   

The thermal 

“shield” of Earth 

Students can experiment the albedo in different situations, measuring the speed 

of ice fusion depending on the cover (soil, grass, black paper, and so on) and 

comparing with naked ice, similar to that of the polar regions.  

The Earth cover 

Student can observe the effect of CO2 on the temperature of a closed environment 

producing this gas through a chemical reaction and measuring the temperature 

increasing in two different conditions (enriched in CO2 and normal). 

They can then extend their observation in the natural context, discussing the role 

of greenhouse effect on global temperatures 

Oceans in motion 

Through simple experiments, students investigate on the role of temperature and 

salinity in determining sinking or upwelling of water at different density. They 

can extend their understanding to ocean waters. 

Antarctica and the 

secrets of climate 

Students focus on the main kind of traces about the past, which can be found in 

Antarctica, and lead an experiment that shows how it is possible to interpret these 

traces. 

How was the Earth in 

the past? 

Students reconstruct the behaviour of sediments when they accumulate in the 

time. Students are able to interpret the principle of stratigraphy and the role of 

relative chronology. The role of fossils and other indicators are highlighted. 

Oxygen, foraminifera 

and climate: an 

unexpected 

connection 

Students investigate on the role of air temperature in differential evaporation of 

water depending on the oxygen isotopes present in its molecules. Students 

elaborate evidence and extend their knowledge to bioclimatic indicators as 

foraminifera that record the different isotopes composition in their shells.   
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Figure 2. Flow chart showing possible logical links among teaching modules. 
(Legenda: each colour represents the main theme present in the teaching 
module (Kaiser,2010): BLUE= Oceans; YELLOW= Space; GREEN=Atmosphere; 
ORANGE=Land; GREY= Ice) 

 

RESOURCES TESTING AND OUTCOMES 

A group of in-service teachers of Primary and Secondary School from Prato, Italy, has 

tested each instructional resource with their pupils during the school year 2012-13. At the 

same time, they have been developing their own educational paths and lab activities, at 

the moment still in progress. Moreover, the testing group has been working not only in 

presence, but also in an e-learning platform, where the teachers have discussed problems, 

uploaded their material and posted comments and references. The testing consisted in a 

preliminary training course, with the presentation of the lesson plans. After that, teachers 

experimented the activities with their pupils, checking texts, improving the media 

efficacy and verifying also the reproducibility of the hands-on labs. A questionnaire was 

compiled using the Horizon Research surveys as model (Weiss et al., 2003). Given the 

low number of teachers that have completed the tasks (only 6 out of 20), we can’t apply a 

statistical analysis to the questionnaire results, but only gain general information. This 

simple elaboration allowed us to characterize the modules and give each of them a sort of 

“identity card” that can be useful in guiding teachers in selecting each resource. 
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The educational impact of the collaboration with the testing group was encouraging. In 

fact, both teachers and students showed enthusiasm for this new kind of approach and 

topics, posing questions, formulating hypothesis, exploring with their own hands-on 

activities, gaining evidence, explaining and elaborating their final results. Finally, the 

activities on polar issues made aware the students about global change, allowing them to 

understand how scientists are able to detect the Earth climate in the past, but especially 

feeling fully involved in the inquiry activity as true researchers. 
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USING SERIOUS GAMES AND COMPUTER 
SIMULATIONS IN AN AUTHENTIC CONTEXT FOR 

PHYSICS EDUCATION

Jeremias Weber, André Bresges
University of Cologne, Germany

Abstract: Previously, a Serious Game was used in the school lab of the University of 
Cologne to educate students in the age between 12 and 16 about the consequences of 
radical climate changes. This was embedded in the educational context of the whole lab. 
The findings were generally positive and motivating. Now, serious games and computer 
simulations are used in an effort to get students in the age between 16 and 18 to better 
understand the physics of cars and their own skills as drivers. This is embedded in an state-
wide intervention program designed to further reduce the number of deaths in road traffic, 
named CrashKurs NRW. This is an intervention program, adapted from a british program 
and extended by Prof. Bresges of the University of Cologne. It is composed of a stage 
show and the educational follow-up program. Where computer-based learning fits into the 
latter will be discussed in the presentation.
At first the terms „Serious Game“ and „Computer Simulation“ will be defined. The general 
benefits and disadvantages of the use of Serious Games and Computer Simulations will be 
discussed and the design and findings of the preliminary study in the school lab will be 
shown. A quick overview over CrashKurs NRW will be provided. Which specific programs 
are being used and in which way they are being used will also be described. Because of the 
importance of a constant improvement of this design based intervention program, the 
evaluation of the exact benefits will also be described and the current findings will be 
presented. The conclusion of the presentation will consist of an overall summary and a 
description of the possible opportunities to improve the current intervention program.  

Keywords: Serious Game, Design-Based Research, game-based learning, students lab

DEFINITION OF TERMS
When talking about computer-based learning, we must distinguish between the various 
methods of using computers in school. 

One method is the use of learning games, as done by Egenfeldt-Nielsen (2007). Learning 
games have a mix of elements from playing and learning. Both elements are clearly 
separated and distinguishable. In this games, elements of playing are used to reward the 
player or student for successful learning. For example, after solving a mathematical 
question correctly, a short segment starts where the student has to fight flying objects. 

Especially in physics, but also in other STEM classes, computer simulations (Geban, Askar 
& Özkan, 1992) are used frequently, e.g. simulations of light propagation in prisms or 
simulations of nuclear reactions. The element of playing in these simulations is only 
„playing around“ with the scientific variables. There is no leisure aspect in these 
simulations. Computer simulations are often used to show aspects of the world that are 
otherwise not presentable in school.

Both of this methods are used for quite some time and in both the more important part is 

Strand 4 Digital resources for science teaching and learning

787



always the scientific content. As Prensky (2001) explained, in Serious Games, the element 
of playing is seemingly more important and is not just used for repetition or exercises.  The 
term „stealth learning“, used by Sharp (2012) and de Freitas (2006), describes, what 
Serious Games should do really: Teaching the subject matter in a covert way by 
incorporating subject knowledge in the game itself. Other people use this method of 
computer-based learning as well. For example, Crews (1997) calls it an „Anchored 
Interactive Learning Environment“. Still, in this article, the term „Serious Games“ will be 
used. Examples for this kind of computer-based learning would be „Food Force“ by the 
WFP (http://www.wfp.org/get-involved/ways-to-help) or „Bridge Builder“ for Mechanical 
Engineering.

USING SERIOUS GAMES IN SCHOOLS

Serious Games, if they are to be used in school, have potential benefits, but there are also 
constraints to be observed. This is true in both directions: Serious Game and school lesson 
should fit together.

Constraints and framework

First of, a „meaningful learning context“, as talked about by de Freitas (2006) has to be 
constructed. This means, the Serious Game should not be stand-alone, but instead be 
imbedded in a learning environment. For example, if a climate simulation would be used, 
the position of the sun should not only be used in the simulation, but also in classroom 
experiment. Also, conducting and observing real experiments in the classroom could help 
to overcome obstacles in the game. Without this „meaningful learning context“, a long-
term effect of the game is doubtful.

Also, a Serious Game has to motivate the student to progress further in the game and 
experience new situations. Without this motivation, students will not try new theories or 
unfamiliar situations, as shown by Eysink, Dijkstra and Kuper (2001) and Schauble, Glaser 
Duschl, Schulze and John (1995). Commercially successful games have already solved this 
step by developing a narrative, which guides and motivates the player. For example, the 
game could prompt increasingly complex questions about physics, which follows a story 
about a young inventor as he tries to establish a successful factory. This is the approach of 
the game „Genius Physik“ from Cornelsen Verlag.

Another important task is to ensure that the medium „computer“ doesn‘t get undue 
attendance. If, for example, classroom experiments are part of the lessons and the students 
rather want to play the Serious Game, measures have to be implemented to restore the 
proper balance. These measures can be, for example, the requirement of the completion of 
certain experiments before the student can progress further in the game. Without this 
balance, it is possible that the students learn nothing from the use of computer-based 
learning.

Benefits of the use of Serious Games

This framework also provides a few benefits by itself. The „meaningful learning context“ 
can also be different classroom experiments, which are then also linked with each other by 
the game itself. Also, in this way, students can experience a specific subject from various 
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angles, which is in itself a benefit.

The great computing power of modern computer systems can also be used to simulate very 
complex situations. In this way, the success in the game can be dependent on a great 
number of factors and variables, which are all linked and explained by classroom 
experiments. Such complex situations are getting more important every year, but according 
to Dörner (2003) they are still not understood clearly by many people. 

Geban et al. (1992) observed, that the starting motivation of the students to use Serious 
Games is very high. It was also observed by Weber (2011), that by using computers and 
computer-based learning, a teacher could overcome learning obstacles in his classroom.

Especially in physics a great amount of new terms are constantly introduced. As Merzyn 
(1998) said, this is one of the reasons for the difficulty of the subject in school. In 
commercially successful games, this is also the case, but players are learning the terms 
much faster and with greater intrinsic motivation. For example, in the popular game 
„World of Warcraft“, a player has to know about „aggro mechanics“ (to draw the attention 
of the computer-generated enemy) to properly cooperate with his fellow players and to be 
successful in the game. In the same way a player has to understand the ballistics of various 
weapons in shooting games or the language of car races and car mechanics in car racing 
games to be successful in this games. Correct learning and using of all this new terms will 
be rewarded by peer admiration and success in the game. This can also be used for the 
learning of terms of the specific subject.

Conclusion

It can be said, that Serious Games have constraints but, if used properly, can also provide 
many benefits for learning. At this point, it seems promising to use Serious Games in 
school, as the potential benefits seems to outweigh the potential costs.

USE OF A SERIOUS GAME IN A STUDENTS LAB
The students lab of the University of Cologne

The aim of the students lab of the University of Cologne is to directly teach different 
STEM subjects to high-school students. Normally, the only connection between a 
university and high school is indirect. In the students lab, high-school students in the age 
bracket between 12 to 16 can conduct various experiments. They are instructed by trainee 
science teachers, which can experience high-school students for the first time themselves. 
But aside from a common theme, „climate“, no links exist between the experiments in the 
students lab and the experiments are not very complex. Also, the greenhouse effect is only 
talked about, not shown.

So, three tasks were identified:

a. To create a link between the experiments 

b. To show complex interrelations of the climate system

c. To demonstrate the greenhouse effect 
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Solving the tasks with a Serious Game

A Serious Game could be used to solve these three tasks. To show this, we have to look on 
the second chapter.

As said before, a „meaningful learning context“ is needed for the use of a Serious Game. In 
the case of the students lab, this context is not only available, but it is also desirable for the 
Serious Game to be linked to the other experiments in the lab. This could serve as a link 
not only between the game and one experiment, but the game could link to different 
experiments and so link all experiments together.

To show complex interrelationships, computer systems are used constantly. As shown 
previously by Dörner (2003) in an originally psychological evaluation, complex 
simulations can lead to a learning success in the specific area of the complexity. With this 
in mind, a proper designed Serious Game could solve the second task.

Demonstrating the greenhouse effect in an experiment is not easy. The resulting 
temperature change can be shown with a digital thermometer, but more impressive would 
to show the results, like vegetation change. To achieve this, you could demonstrate a 
change of environment variables by the player (e.g. temperature, position of the sun, 
precipitation) and the resulting change in the environment (e.g. clouds, rain, sun, 
vegetation), calculated by a computer, in a Serious Game.

Use of a Serious Game - Technical and scientific aspects

To create a Serious Game, we had to choose a specific game engine and a certain 
geographic background for our climate changes. Programming held an important place in 
the design process and we also had to look upon the physical aspects of the targeted 
subject.

Game engine and geography

We used a game engine called „CryEngine Sandbox Editor“, a game engine for modern 
computer games. This allowed us to shape a very realistic world with moderate 
programming skills. The already implemented tools and animations allowed us to 
demonstrate the environment changes without needing to implement new elements in the 
program. The programming language was also intuitive to learn.

Geographically we choose the island Helgoland as a basis for the simulated island. An 
island was chosen because natural barriers exist already to limit the student‘s radius of 
exploration. Helgoland is a biologically interesting island in itself, but it could have been 
any other island.

Physical model and implementation in the Serious Game

As we choose a certain model for our computer simulation, we elected to gloss over certain 
aspects. The following model is not scientifically correct, it doesn‘t differentiate clearly 
between the global greenhouse effect and the local vegetation change. This is still a topic 
of ongoing research and very complex to calculate even for modern computer simulations. 
So it was deemed to complex to implement or explain to high-school students. A 
scientifically correct explanation would also be beyond the scope of the students lab.
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The proposed climate model aims to link the position of the sun (shown as an angular 
degree above the horizon) to the temperature. This is done by multiplying an arbitrary 
amount of energy, which should represent the overall energy of the sun, with the sinus of 
this position to get the amount of energy which impacts this specific area, the radiated 
energy. From this amount, a certain amount of energy gets subtracted to represent the 
energy that is radiated away from the earth. The correlation between energy and 
temperature was defined in this way: If the sun has a position of 90° above the horizon, the 
temperature is around 27 °C and if the sun has a position of 15° above the horizon, the 
temperature is around -5 °C. 

The relation between absorbed energy and temperature follows the Stefan-Boltzmann law 
(P~T4). This is important for the introduction of the greenhouse effect as shown later. The 
virtual temperature is then divided in three temperature ranges, the middle range goes from 
5 °C to 18 °C. 

In the same way, the precipitation is divided into three states: No rain, little rain, and heavy 
rain. This is linked to the cloud cover in the game. The greenhouse effect is then again 
linked to the amount of clouds. More clouds are responsible for reducing the amount of 
energy that is radiated away from the earth so the temperature will be higher. For that 
reason it is important to use the aforementioned energy amounts.

By combining the ranges of precipitation and temperature, nine possible states can be 
found which are then linked to a specific vegetation zone:

T < 5 °C 5 °C < T < 18°C T > 18 °C
No rain Polar region Subtropical dry forest Subtropics

Little rain Cold temperate Temperate Warm temperate

Heavy rain Taiga Subtropical moist forest Tropics

The environment can be changed by the students by walking their game avatar near so 
called proximity triggers in the game. They work with first two, later three triggers. The 
first two triggers are responsible for changes in the position of the sun and the state of rain 
respectively. 

Figure 1. Exemplary screenshot of the sun position trigger

Strand 4 Digital resources for science teaching and learning

791



The third trigger is at the start both hidden and not active. After activation by the students, 
it triggers the aforementioned greenhouse effect. A screen message and a rapidly changing 
temperature inform the students about that.
The calculation of the temperature is done with a Flowgraph and follows the described 
model. An example can be seen in the following picture.

Figure 2. Exemplary screenshot of the Flowgraph for the rain calculation      

Use of a Serious Game - Didactic concept

To use a Serious Game in a beneficial way, the didactic concept has to be formulated 
before the implementation. Aside from the previously described simplifications to the 
climate model, two aspects were important: How to use the Serious Game in the context of 
the students lab and which role should the tutor play?

Didactic Concept: A stage model
The concept that seemed to be fit best was a staged concept. In the four stages, the students 
should learn more and more about the game and finally master it completely.
The first stage is called explorative stage. In this stage the students should master the 
principal elements of the game. They have to learn how to control their avatar and should 
explore the simulation for the first time. In this stage the students are left without an 
explanation about the goal of the simulation or how to use it. This is intentional to not set 
up artificial borders for their creativity.
The second stage, called instructive stage, begins without a clear distinction to the first 
stage. After a few minutes, the students would begin to ask for directions or would be 
clearly lost, so the tutor should set goals for the students or explain a few basic control 
mechanisms. The goal of this stage is to give the students knowledge about the placement 
of the triggers and to give them first goals. This is done by tasking them with phrases like 
„Make a trip to a tropical region“. This task has to be translated by the students in certain 
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trigger settings (the tropical region is very warm and wet, for example) and then the 
students should set the environments variables accordingly.
The third stage is started after the students have the desired level of knowledge about the 
game world and the game controls. This stage is called integrative stage, because now the 
students have to integrate the other experiments of the students lab in their experience with 
the Serious Game. The tutor asks them to examine the other experiments and to try to 
understand how they relate to the Serious Game. In the current circumstances of the 
students lab the students can not conduct the experiments at this time because other student 
groups are experimenting at the same time. After their examination it is important that the 
students reason for every experiment why it is connected or not connected to the Serious 
Game.
The fourth and last stage begins with the activation of the greenhouse effect in the 
simulation. The tutor directs the students to the third trigger and then discusses with the 
students the changes in the environment. After that, the students are tasked to set the 
environment variables to the same values as before. In this way, the students begin to see 
the massive changes done by the greenhouse effect, even if the changes at first seem minor. 
Intentionally there is no discussion about ecological implications because the students are 
now prepared to discuss such questions among themselves.
All experiments in students lab are currently arranged so that the groups rotate after 45 
minutes. In this timetable the four stages have to fit. The first and second stage take around 
20 minutes, on third of that is normally reserved for the first stage. The integrative stage 
takes 10-15 minutes and the final stage takes the remaining 10-15 minutes. 

Role of the tutor
The previously mentioned tutor has a difficult role. The tutor assigns tasks and guides the 
students but at the same time he should not detract from the experience of exploration and 
should not solve the problems for the students. He has to act more like a mentor than a 
teacher and only be present when serious obstacles arise. In this way he is comparable to 
the helping figures of commercial computer games. 
The tutor should always facilitate the free exploration of the game. Compared to classic 
classroom experiments, no safety measures have to be taken in a Serious Game. The only 
constraint in this special case is the maximum time available for the experiment.
If less time would be available, it is certainly possible to control the students better and 
guide them faster through the game. But such a strict control has been shown to be 
detrimental to the learning success of students (Crews et al., 1997, p. 13) so it should be 
done only when necessary.

Findings

After the implementation of the Serious Game, observations were made and the students 
took a survey. The observations were not structured but mostly based on reports from the 
tutors and oral feedback by the students. The survey was done three times with varying 
questions. All evaluative methods had to be completed in a very short time so they are 
questions left. (Weber, 2011)

Group observations
The observations are more about the students behavior while playing the game and aimed 
at the improvement of the didactical concept. 
One example for that is the change of the integrative stage. That students reason about the 
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correlation of experiments and the Serious Game was done after observing that, if the 
students are not required to do so, they didn‘t properly examine the experiments.
In this observation a high motivation to play the game could be seen. It was not clear if the 
reason for that is more the medium or the content of the game. 
The communication between the students improved not only in the area of mutual support 
but they also used more correct terms to describe the climate and the changes in the 
environment. Especially interesting was, that the students could identify the greenhouse 
effect by analyzing its implications of the game world. (Weber, 2011)

Survey results
The students had to answer tests. They were given to the students before and after playing 
the Serious Game. The second time they should reevaluate their first answers and correct 
their previous answers. The test had to be improved during the survey so aside from the 
first question they are not easily comparable. (Weber, 2011)
In the first question the students had to construct a Mind Map around the term climate. 
This was done to ascertain how many terms they know and how many terms they learned 
by playing the game. 
The third questions asked them to link various terms together. This question was designed 
to examine what students learned about the interrelation of these terms. The number of 
connections was counted before and after the treatment. 

Table 1
Averages between the surveys (Weber, 2011)

The results showed a small increase in known terms in all surveys and in an overall 
average it was shown that this increase is greater than the standard deviation. If we look at 
the third question in the last survey, we see that there was also a small increase of the 
number of connections, which is still greater than the standard deviation.
The survey should be improved in the next iteration, but they can be used to start the next 
cycle of the design-based-research cycle, as explained by Reinmann (2005). 

Conclusions
It can be concluded that the use of this Serious Game is very motivational for the students. 
But for further use in, for example, physics lessons, the climate model should be more 
scientifically correct. 

survey 1 survey 2 survey 3 average over the surveys

Average number of concepts in the 
concept map

11,0 8,5 6,9 8,8

Standard deviation of the number of 
concepts

3,2 1,6 1,1 1,3

Average number of the increase of 
concepts

3,4 1,3 0,8 1,8

Standard deviation of the increase 2,7 1,4 1,2 1,1
Average number of connections 3,1 6,0 6,5

Standard deviation of the number of 
connections

0,3 1,3 1,5

Average number of the increase of 
connections

0,1 2,1 1,2

Standard deviation of the number of 
the increase

0,3 1,1 0,9
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The didactic concept of this Serious Game should be improved as well. The tasks of the 
tutor should be structured more clearly and more along a specific narration like in 
commercial games. In this way, it could be possible to minimize the impact of the tutor 
himself. 
More important but at the same time more difficult is a changed context. For a further 
improvement of this Serious Games, but also with other Serious Games, the classroom 
experiments should be tailored more specifically to the game. In this way, students could 
draw important conclusions about the game by conducting an experiment. 
Still, the development of this Serious Game was important. It showed the problems of 
proper designing a Serious Game but at the same time it gave a look on possible benefits of 
such games.

USE OF SERIOUS GAMES IN AN EDUCATIONAL FOLLOW-UP
Motivated by the aforementioned conclusions, it was deemed possible to use a Serious 
Game for the educational follow-up program of the intervention program CrashKurs NRW. 

CrashKurs NRW
CrashKurs NRW was originally developed in Staffordshire in England was implemented in 
high-schools of the federal state North Rhine-Westphalia in Germany. It is a stage show, 
where police officers, paramedics and firemen describe their personal experience with 
severe accidents and the repercussions for injured people and their families. For example, 
one of the goals is to describe how the use of cell phones can lead to a car crash.

Bresges (2011), Hackenfort (2013) and Janssen (2011) evaluated this stage show and found 
improvement possibilities, especially in the area of the educational follow-up program.

As described Weber and Bresges (2013), to improve this stage show, one opportunity 
would be to design a seemingly realistic computer simulation where students can 
experience the seriousness of distractions. 

A racing game as a Serious Game
The Serious Game was designed to let the students experience the impact of distractions 
during driving in a safe and controlled environment. To do this, the didactical concept was 
modeled, using the experiences with the concept described before:

In a first stage, the students are tasked to explore the possibilities inherent in the game and 
train themselves to control it properly. To do this, the students would be separated in small 
groups and should compete with their group members in the game. Because a racing game 
was used, their competition centered on a good lap time.

After the teacher is sure that the students are trained properly, he assigns the students a new 
task. Every group has to list various distractions in traffic and assess their severity. They 
have to present their lists to the other student groups and explain their respective reasoning 
for their severity assessment. 

In the third stage, every group has to simulate the distractions on their list while playing 
the racing game again. For example, one student plays and the other students is talking to 
her and asking her questions to simulate a co-driver. Again the students have to compete 
against each other for better lap times.

During the final stage the students should discuss the impact of the various distractions on 
their driving skills. In this stage the students should also reevaluate their own assessment 

Strand 4 Digital resources for science teaching and learning

795



from the second stage. The end of this stage is a discussion how transferable this all is to 
„real“ driving.

Pilot study
A first pilot study was done to evaluate this didactic concept. The students were chosen 
from a vocational school in cologne, one day after the stage show of CrashKurs NRW.

Figure 3. Student group in the first stage

As seen here, all members of the student group participate in the first stage, not only the 
one who plays at the moment.

Figure 4. Students in the second stage                                 

Figure 5: Students in the third stage

This student group discusses first about the distractions and then tries them out. In this 
case, the student is one of a few licensed car drivers in the class and is still not able to 
control the game and at the same time to use the cell phone as a navigational aid.
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Oral feedback of the students showed that they liked the concept very much. More 
important, their statements after conclusion of the lesson indicated appropriate conclusions 
about distractions. For example, many students felt in the second stage, that conversation 
with a co-driver is less distracting than calling someone on the phone. After the third stage, 
they rated the severity of the distraction by a co-driver much higher. Using car radios or 
navigational aids were similarly found to be underestimated by the students. Part of the 
feedback centered on the second stage, the students felt that their task was not clear 
enough. 

Further evaluation
After completing this first cycle of the design-based research process, we will begin with 
the next cycle and implement all improvements derived from students feedback and our 
own observations.

To then evaluate the impact of this lesson further, a formal evaluation will take place. This 
evaluation will be modeled after the evaluation done by Hackenfort (2013) and will 
concentrate on the opinions of the students about distractions. 

CONCLUSIONS
Serious Games have a place in education if properly introduced and used for a fitting 
purpose. A Serious Game is not always useful and if it is used, teachers should always be 
aware of the constraints. At the same time, if they are used properly, Serious Games can 
have a great benefit for teachers. As shown in the two examples, they can open new 
avenues for teaching and learning.

The most important finding was the importance of the didactic concept that frames the 
Serious Game. Companies can program Serious Games (like in the second example) but 
the usefulness is directly linked to the quality of the didactic concept.

So it can be concluded, that even if Serious Games would be an important tool for 
education, they are at the same time dependent on teachers and researchers. And for that 
reason, future research in this area is needed to identify more uses of Serious Games and to 
support teachers who want to use a Serious Game.
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Abstract: Remote experiments have been used as a teaching tool for science and 

engineer education, and gained their role among the conventional ways of teaching. 

They have mostly been developed and used by universities for engaging students into 

experimental activities, where hands – on experiments are unable to fulfill educational 

goals, for several reasons. Though, remote laboratories are available in higher 

education, only a few secondary schools have access to them. In this paper we 

propose an educational concept where high school students can conduct a distant real 

experiment using the scientific method and investigate real life situations. As an 

example we set up the study of a passive model house. This kind of experimental 

activity will provide students the opportunity to apply Physics on practical issues, 

developing physics and experimental competences, which are vital in their citizen‟s 

life. 

Keywords: secondary school remote experiments, experimental activity, distance 

education, competences  

 

INTRODUCTION 

Recently there has been the trend to encourage teachers to use experimental activities 

in science teaching. A lot of scientists proved the effectiveness of this standpoint – in 

1938 Dewey set first the concept „learning by doing‟. Science experiments are vital in 

science education, involving hands-on and activity–oriented exploration to acquire 

scientific knowledge, develop competences, and attitude. Students can achieve all 

(knowledge, competences and attitude) through experimental activities (Kumar & 

Tobin, 1990) and actually they prefer science experiments than traditional face to face 

teaching (Roth, 1994). Although, it isn‟t always easy to set experimental activities 

because of lack of equipment, lack of time or even the complexity of the scientific 

topic itself.  

Using new technologies in education can help to face these issues in various ways. 

Remote experiments are one of these ways. A remote experiment is a 

real experiment with real laboratory instruments and equipment that can be controlled 

by a teacher, or a student or any user from their personal computer through 

the Internet. Remotely controlled experiments have been used as a tool for 

teaching physics at higher education. The use of a remote experiment is most 

beneficial and helpful in domains, where it is impossible to perform the real 

experiment, or where there is no appropriate equipment available. Remote 

laboratories are asynchronous methods of learning, and there is no need to have the 
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multiplicity of equipment.  Also a variety of experiments can be performed by the 

students when it is convenient on their own or in groups.   

Searching through literature, with keywords: “remote experiments or laboratories”, 

“real experiments from distance”, “virtual experiments or laboratories” etc we came 

to the conclusion, that such experiments have been used mostly in the field of 

engineering and less in science education (Ma & Nickerson, 2006). Remote labs have 

been used and tested by university students and in some scientific topics it was stated 

that they are more effective than working with simulators (Scanlon et al, 2004).  

 

EDUCATIONAL CONCEPT 

In this paper we describe the educational concept where students in secondary schools 

will use the scientific method and study physic‟s issues that concern their daily life. In 

this concept, we developed an educational website (Figure 1) which hosts a remote 

experiment.  

 

Figure 1. Εducational website (http://e-science.web.auth.gr/zeroenergyhouse/) 

 

This experiment engages students in measuring environmental parameters 

(temperature and sun intensity) inside and outside of a passive house model which is 

placed on the roof of the building of our department. This way, students can inquire 

heat flow and transfer, temperature differences, sun intensity, and detect the factors 

that affect the thermal behavior of a house. We thus explore the utility of such remote 

experiments for the development of student‟s competences for real life situations. 

The website is a competence – based concept, where students combine theory, heat 

flow and mechanisms of heat transfer, with actual real life concepts of this matter and 

deal with issues that concern contemporary architects, such as what is a passive house 
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and which factors affect the internal temperature of those houses. It presents the 

relevant phenomena without resorting too much on mathematics (Figure 2) and 

exposes the appropriate methods to measure the environmental parameters inside and 

outside a house.  

 

Figure 2. Introducing the passive house and the zero energy house. 

 

A way to achieve this is through simulations (Figure 3) and three dimensional 

pictures, as well as useful links on the subject.  

 

Figure 3. Exploring through simulations based on the Energy 2D simulation program 

(http://energy.concord.org/energy2d/) by The Concord Consortium  
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It also hosts the remote experiment (Figure 4) where students can acquire dynamically 

the environmental parameters of the model house in real time. In order to ensure real 

time data access, the website is based on PHP code.  

 

Figure 4. The remote experiment 

 

Our experimental set up consists basically of a model house, which is exposed to 

ambient conditions, with appropriate sensors and configuration to measure things like 

the sunlight intensity, the air temperature, and the inside temperature and light 

intensity (Figure 5). 

 

Figure 5. The experimental set up consists of a house model with temperature and 

light sensors. 
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Temperature sensors have been placed inside and outside the house model (Figure 5). 

Outside the house model there are two temperature sensors, one of them is exposed to 

direct sunlight and the other is in the shadow. This way, students will measure the 

temperature that the material of the sensor will reach when exposed to direct sunlight 

and the air temperature and understand the importance of placing correctly the 

experimental equipment. They will also measure the temperature difference between 

indoor‟s and outdoor‟s environment of the house model.  By analyzing and presenting 

these measurements they can realize their relation and the effect of the walls. The 

sunlight intensity measurements can be used to determine the amount of solar energy 

transferred to the model house and the effect of this energy on the inside temperature.  

The light intensity inside the model house will determine how appropriate windows 

are, in supplying adequate house lighting. One can enhance these possibilities, and 

propose many paths of investigations, all of equal importance.    

The overall present setup can be summarized in Figure 6.  The sensors are connected 

to an Arduino board, which is connected with the server, where the measured data are 

stored. These data are made available to the online user through an appropriate 

webpage. With one click on a link, the user can obtain data at any time of the day - 

any day of the week.  

 

Figure 6. Schematic representation of the remote experiment.  

 

We suggest an inquiry based approach to this subject, where students working in 

groups will think as scientists and decide the procedure to follow for investigating and 

constructing an environmental friendly passive house model. This approach 

encourages communication, provides the tools to analyze the data and present the 

results of a real experiment. The usage of the remote laboratory provides the platform 

to study the passive house during the daily cycle and during the different weather 

conditions. Because of the student–centered based teaching method that is proposed, 

teachers have a consulting role in the process, providing the appropriate guidance for 

using effectively the scientific method. This project is an extension of a successful e-

learning project based on the energetic behavior of a simulated house. We have added 

the remote experiment to the e-learning project and set up and finished the pilot phase 

with a group of students from a secondary school. 
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COMPETENCES  

There has been a lot of discussion about the type of education we want to develop for 

our kids nowadays. It has been pointed out that today‟s learning methods are still 

based on how kids are educated in the industrial era, where skills like following 

instructions for producing products as quick as possible were needed (Singer, 2000). 

Students should develop not just skills, but competences in various ways (physics and 

general), so that they can be adaptive, creative, collaborative and competitive to the 

twenty-first century world. „Competences‟ does not mean skills (although it may 

include skills); it means the capacity for adaptive responses and for appropriate 

interpretation of information (Haste, 2009).        

This educational concept was based on the above aspects of education and we believe 

that after completing this project students will be: 

 able to apply knowledge on heat flow and its features, in practical situations. 

 able to develop critical abilities, such as investigating on how energy friendly 

houses were designed and constructed and which procedure they should follow for 

developing their own house model 

 capable for analyzing theory, facts and data and for combing them, such as heat 

transfer and factors that affect the temperature of a passive house 

 creative and adaptive in order to achieve their goals in their projects (designing 

model houses, constructing one, suggesting alternative solutions etc) 

To be more specific in physical competences, through the experimental activity that 

took place, we believe that students using the website„s features and the remote 

experiment more particularly, were able to: 

 perform experiments independently – actually from their own personal computers 

– and  describe, analyze and critically evaluate  experimental data 

 work with a high degree of autonomy, accepting responsibility in planning and 

managing projects. 

 understand how nature works and the numerous applications of heat flow and 

transfer that they could meet in their daily life, starting from heating their own 

food to analyze passive house‟s behavior. 

 find physical and technical information relevant to their research 

 present their results and conclusions 

 get familiar with the scientific way of thinking, not just as a way of solving 

mathematical or physical problems, but also as a way of thinking in life in general. 

  

CONCLUSIONS 

This project is a cooperation between secondary schools and our department and will 

affect positively both sides: students will have the opportunity of using the equipment 

that university has available and researchers will have a direct feedback of the 

effectiveness of the specific educational approach. That‟s why we believe that this 

kind of cooperation is vital for science education research and development. 
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We strongly believe that students in secondary schools should not only conduct 

experiments in order to study qualitatively and quantitatively Physic‟s laws, but also 

to be involved in experiments that will reveal the correlation between Physics and 

everyday life.  In this way they will comprehend that Physics are important in all 

aspects of daily life and will be able to understand how nature works. The whole setup 

can also be used in educational scenarios where students have the opportunity to 

integrate cognitive skills, communicating and collaborating as a part of a group for the 

purpose of the project, form attitudes, emotions and values concerning environmental 

issues and develop competences that are necessary not only as students but as future 

citizens of the world.  
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Abstract: This study aims to highlight the management of learning and the difficulties 

faced by science teachers who participated in distance continuing education (DCE) 

programs in a public university. We analyzed the difficulties faced by these 

professionals, relating them to the profile of this teacher (gender, age). In parallel, we 

also investigated the learning management, in terms of time of dedication to the 

course weekly, frequency and techniques of studies. Data were collected (N=75) 

through interviews and questionnaires. Regarding the difficulties, from qualitative 

and quantitative analyzes, it were identified five domains: Content, Technology, 

Time, Didactic-pedagogical and Personal. The results showed that in the personal 

domain, involving features such as self-discipline, organization and motivation, the 

variables Age, Experience, and Teaching experience were impacting. Older teachers 

with experience in distance education and with some teaching experience had fewer 

difficulties over DCE in personal matters. To deal with the management of learning, 

science teachers studied mostly in their own home, at night, and even on weekends. 

Based on these results, teacher educator has available important elements to assist 

science teachers in the learning process at distance.  

 

Keywords: Distance continuing education. Science teachers. Learning management. 

Difficulties. 

 

INTRODUCTION  

Distance education (DE) has been a strategy for teacher education in Brazil; 

consequently expansionary policies are being implemented by the Ministry of 

Education (MEC). The creation, in 1996, of the Department of Distance Education, 

Decree n. 1.917/96, is part of this expansion. One of the most effective MEC's 

policies was the creation of the Open University of Brazil (Decree 5800 of 

08/06/2006). Its goal is to democratize, internalize and expand the provision of free 

public higher education in Brazil, offering courses of bachelor, undergraduate, 

graduate, and DCE. 

Data from Brazilian census, 2010, showed that were offered 1.752 distance courses 

by public and private institutions. Pre-service and in-service courses, 31.5%, formed 

one of the largest groups (Cetic, 2010). This situation is justified by the large number 
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of teachers without adequate education in the country, a deficit of about 235.000 

teachers for secondary education in all areas, and 23.500 in the subject of Physics 

(Cunha, 2006). 

Courses of specialization, including distance continuing education programs (37%), 

represented the largest group (Cetic, 2010). Science teachers (ST) attending DCE 

have certain strategies to cope with the demands of the course, and to conduct his 

learning independently (learning management). Nevertheless, in this process they 

also face some difficulties over the course. 

The management of learning (ML) is an important issue for Science teachers who 

attend DCE, and it helps them to deal with the demands of the course. Mueller (2000) 

described a tool to assist in the determination of student profiles. This tool monitors, 

among other things, the student access to classes, the frequencies. With this analysis, 

the teacher educator can assist students individually, considering different behaviors 

of access and study habits. Kist et al. (2001) also mentioned about a program 

described as "monitoring student", which allows teacher educator to check days and 

times used by students for studying. From this understanding, these authors 

recommended the design of personalized strategies to assist students in management 

of learning. 

The difficulties faced by ST in distance continuing education are also relevant, 

because these may reduce ST participation in DCE. Mercado (2007) showed that 

students, studying at distance, face some difficulties related to: a) technology, 

especially the use of internet, what creates problems in participating in some 

activities of the course (send email, participate in chats); b) teacher strategies, lack of 

competences; c) student, delay in adaptation in the distance education course; d) time, 

how to administrate it adequately; e) course content, often excessive and 

uninteresting. 

These difficulties can occur in different ways and periods of the course. Some of 

them occur because of the management of learning adopted to cope with the demands 

(e.g. time management). The strategies used to deal with the ML and the difficulties 

affect the teacher’s participation in their learning process. Understand these two 

elements provide information for teacher educators to assist ST in their education. In 

this sense, this study aims to analyze the management of learning and the difficulties 

faced by a group of ST who attended DCE course in public university. 

 

DISTANCE CONTINUING EDUCATION COURSE   

Distance continuing education course was organized and administered by the research 

group “Science Teaching and Distance Education” (Faculty of Education of the 

University of São Paulo). The course goal was to update science teachers, who are 
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effectively teaching general science to young students (11-15 years old), on the 

nutrition topic. The course was free of charge for the participants. 

According to the course official program, the general objective was to update 

science teachers who taught in elementary school, exploring the new legislation on 

food labeling. One of the specific objectives was to cover the current modifications 

in legislation proposed by Agency for Sanitary Surveillance (ANVISA), which 

regulates the labeling of foods as well as recommendations for food intake. In this 

course, science teacher received information on practical and theoretical educational 

about foods (Feusp, 2007). Table 01 summarizes the main information about the 

DCEC: 

 

Table 01 

 

Objectives and activities of the course 

Objective  Activities 

Course 

duration  

The course was 60 hours in duration, with 58 hours online 

and two hours for final assessment at the university. Its total 

duration was two months.  

Number of 

enrolment   

The course had an enrollment of 120 science teachers each 

semester, had a teacher educator (coordinator), and a team of 

undergraduate and postgraduate students. 

Course 

Structure 

 

The course had a website where STs could download 

materials, including eight (8) video lessons (VL) and power-

point slides for each class.  

The video lessons were videos which presented educational 

material for introducing a new topic to be learnt by science 

teachers. Such VL were one of a key part of the course 

organization. 

Still in relation to the methodologies there were forms of 

interaction such as sessions of question and answers and 

discussions in predetermined schedules. This emphasized the 

interaction process and collaborative learning, and also 

maintained a synchrony of study among teachers. One of the 

main strategies to maintain a certain synchronicity in teachers' 

work was called "lightning question." This question had a 

participatory nature, being characterized as a challenge with a 

scheduled time, usually on the weekend. When a teacher 

received this question he had limited time to respond. 

Video lesson  Each video lesson' duration was about one hour long. The 

methodological structure of the VL included questions, 

problems, and homework. This strategy aimed to create new 

expectations among teachers regarding new content and at the 
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same time, encourage them to participate in the proposed 

challenges. In these VL were also presented research related to 

the reality known or experienced by science teachers. 

Science 

teacher 

participation 

and forms of 

communication  

The main form of communication was email. In one version of 

the course over a period of just two months, science teachers 

exchanged over 1.300 e-mails. Science teacher’ participation 

happened, among other things, watching the VL during the 

week, sending comments, preparing questions, working to 

solve challenges and contributing sending materials, such as: 

text, tables and surveys. 

Teacher 

educator   

The role of the teacher educator was crucial to the success of 

the DCEC. He planned the course and the educational design. 

He decided on learning theories to be used during the course, 

reflected on science teacher’s participation, and on the forms 

of teacher support. He also decided about the media and the 

technologies, the infrastructure, the methodological, and the 

forms of assessment used. He, with course tutors, worked 

motivating the participants, encouraging them to participate 

(including Saturdays and Sundays), acted identifying STs 

difficulties and correcting activities. Finally, they created 

emotional connections, which are important to the success of 

STs in the course. 

Course 

evaluation 

The course evaluation process was based on three instruments: 

participation in the course, considering the quality and 

relevance; final exam at the university, and written work. 

Regarding the final exam, which was individual, there were 

three models (test A, B, C), with a value of 5.0 points, and 

consists of 36 multiple choice questions with a duration of two 

hours. 

      

 

METHOD  

This study, based on case study methodology (Yin, 2005), examined the management 

of learning and the difficulties faced by science teachers who attended distance 

continuing education programs in a public university. 

The selection of ST took into account their participation in courses in 2007 promoted 

by the Faculty of Education (University of São Paulo). The course was selected, 

because it was free, performed at a public university and it was about continuing 

education. 
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Interviews and questionnaires were used to collect the data. This type of data 

collection enables triangulation of mixed methods, favoring the validity of data 

(Flick, 2009, p. 361-362). The interview technique was used with 12 ST from three 

cities (state of São Paulo - Brazil). These ST were selected considering that they 

teach Science in elementary school (student from 11 to 14 years old), lived in 

different cities and some of them were approved (09) and some were failed (03) in 

the course. 

The interview, semi-structured, collected information about profile (gender, age, 

education, professional activities and ST relationship to new technologies), about the 

management of learning, and about the difficulties faced over the course. Data from 

these interviews were analyzed using grounded theory approach, which is an 

inductive method, consisting of collecting and analyzing information concurrently 

(Strauss; Corbin, 1998).  

From the analysis of the interviews a questionnaire was designed, consisting of open-

ended questions, and one Likert scale. Initially for its validation, a pretest was 

performed with 11 ST from the same study population.  

The sample consists of 75 science teachers (13 male and 62 female). The 

questionnaire collected information about the profile: gender, age, academic 

background; graduate degree (yes/not); type of institution; teaching experience (in 

years); technological fluency (relationship with the computer, internet and EAD. 

As for management of learning five categories were investigated:  

 “time of dedication to the course” (weekly),  

 “Weekly Frequency”,  

 “Periods”,  

 “Location of Access” (i.e. home, school),  

 “Methods of study” (i.e. the most common techniques). 

Regarding the difficulties it was used a Likert scale. This is a type of nominal scale, 

and measures attitudes and opinions of individuals. Uebersax (2006) says that 

attitudes are analyzed as latent variables that arise from the sum of responses to a set 

of statements. The scale contained 35 items ranging from zero to four. After 

analyzing the pretest and prior hypotheses it was created five groups of latent 

variables called domains: Domain of Technology (DT), Content (DC), Time (DTe), 

Didactic-pedagogic (DDP) and Personal (DP). 

The consistency of these five latent variables was checked using Alpha of Cromback. 

Table 02 provides information on what was investigated in each domain and its 

respective Alphas. 
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Table 02 

 

 Domains and Alphas 

Domain Alpha 

DT: investigated the difficulties faced by ST in relation to computer 

use, internet use, video lessons and support materials (e.g. slides 

PowerPoint). 

0,767 

DC: difficulties in relation to the course content, teacher's 

explanations, and practical use of the knowledge of the course.  

0,762.  

DTe: difficulties to participate in the course activities, to reconcile 

activities and demands from the family or job. 

0,709. 

DDP: difficulties regarding the assessment methods used, and the 

interaction among the participants over the course. 

0,817 

DP: difficulties in relation to the motivation for the course activities, 

the maintenance of responsibility, and to organize ways of studying.   

0,818 

 

Data were analyzed using the Statistical Package for Social Sciences (SPSS 16.0 for 

Windows) and "R"(http://www.r-project.org). To compare the domains related to 

gender, graduate degree, previous exposure to DE, nonparametric tests (Mann-

Whitney test) were used. To compare the teaching experience and the three main 

domains, the Kruskal-Wallis was used. The correlation between age and each of the 

domains’ variables was analyzed using "p" Spearman. To determine which domain 

had the greatest impact on the science teachers’ initial motivation, Friedman’ test was 

used. For all comparisons, we adopted a significance level α = 0.05. 

 

RESULTS AND DISCUSSION  

The profile of the Science teacher who attended this distance continuing education 

course can be seen in Table 03: 

Table 03 

 

Science teacher’ profile 

Profile % 

Gender – female 80% 

Average 33 years 

Major in Biology 60% 

Work in state public schools  54% 

Work in elementary education  79% 

More them five years of teaching 

experience 

56% 

Did not have any experience with DE 52% 
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The group of ST has an average age of 33 years, most of them were female, most 

worked in state public schools; in elementary education; with more them five years of 

teaching experience. Finally, 52% did not have any experience with DE. 

The management of learning presented revealed some strategies used by science 

teachers to cope with the demands of distance continuing education course: Table 04 

provides information about learning management:  

 

Table 04 

Strategies and time 

Strategies used Time/ technique  

Time of dedication to the course 

(weekly) 

Between two to three hours 

Frequency Between two to three times a 

week  

Location of Access home, workplaces, and Internet 

cafes  

Methods of study Reading activities  

 

We highlighted from these data the fact that most ST had studied in your own home, 

18% in their workplaces, and a small group (almost 3%) used Internet cafes. The use 

of Internet cafes (this phenomenon) can be understood by considering that there are 

already several places like these in many cities in Brazil, and the cost of use has 

become greatly reduced. It is very possible that this situation be an indicative of a 

specific demand of teachers. We can think that the school environment, or where ST 

were exposed to continuing education, perhaps was not the most suitable place for 

professional development.  

In fact, when science teachers seek an available time at home (to study) seem to 

indicate the need for certain intimacy for learning. At school it is natural that they 

should constantly meet multiple demands, while at night in their homes there are 

more suitable conditions for concentration and dedication to learning. This indication 

can be very useful to the leaders of school systems, because the school has been 

considered one of the best places for professional development, and as we saw, when 

ST have the opportunity for making a choice they opt for their own home.   

Regarding the difficulties, the analysis of the variable Sex and the five domains 

yielded no statistically significant difference, but on Age variable was found a 

negative correlation (Table 05), although weak, with the DC (r = -0.239, p = 0.039) 

and DP (r = -0.309, p = 0.07), indicating that the older are ST the fewer difficulties 

they faced in these two domains. Table 05 summarizes the data: 
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Table 05 

 

Correlation between Age and Domains  

AGE R p-valor* 

DTE -0,120 0,307 

DC -0,239 0,039 

DT -0,126 0,280 

DDP -0,164 0,162 

DP -0,309 0,007 

 *Spearman correlation   

Related to the DC, this suggests that ST that had different education and had some 

teaching experience had more knowledge in science. This correlation also indicates 

that the older ST were the easier to maintain discipline, organization and motivation 

(DP). This situation shows that ST younger had greater difficulties in organizing and 

maintaining self-discipline. It indicates that teacher educator (in distance continuing 

education courses) have to pay more attention with younger in relation to content, 

personal organization and motivation.  

The graduate degree variable (yes/not) and the five domains showed statistically 

significant differences in DDP (p = 0.025). Science teachres who attended such 

courses had fewer difficulties. As this domain was composed of items related to the 

methodology and assessments, it seems that those professionals that had already 

experiences in DE were more familiar with these issues. Table 06 indicates the 

results: 

 

Table 06 

Correlation between Graduate Degree and Domains. 

Graduate 

degree 

Not Yes 
p-valor* 

Maen (SD) Mean (SD) 

DTE 8,19 (6,14) 6,62 (4,07) 0,398 

DC 5,94 (4,03) 4,97 (4,41) 0,213 

DT 12,75 (5,07) 12,87 (4,52) 0,932 

DDP 12,69 (4,90) 9,77 (5,99) 0,025 

DP 11,97 (5,87) 9,87 (4,78) 0,072 

           *Non-parametric Mann-Whitney test. 

 

With regard to DE experience, science teachers that have never studied at distance 

showed greater difficulties in DTe (p = 0.012), in DDP (p = 0.050) and DP (p = 

0.010) than those who attended at least one course.  
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Table 07 

Correlation between DE experience and domains. 

DE experience  
No Yes 

p-valor* 
Mean (SD) Mean (SD) 

DTE 7,97 (5,80) 6,72 (4,43) 0,425 

DC 6,08 (4,69) 4,75 (3,60) 0,309 

DT 14,26 (4,27) 11,25 (4,82) 0,012 

DDP 12,45 (5,88) 9,78 (5,15) 0,050 

DP 12,38 (5,59) 9,17 (4,68) 0,010 

                    *Non-parametric Mann-Whitney test. 

 

Finally, science teachers with over ten years of teaching experience had fewer 

difficulties in relation to DP (p= 0.036). This finding is in according to the Age 

variable, where older ST also had fewer difficulties for maintaining self-discipline 

and personal organization (DP). Table 08 summarizes the data: 

 

Table 08 

Correlation between teaching experience and domains. 

Teaching 

experience  

<5 5 – 10 >10 
p-valor* 

Post Hoc 

Mean (SD) Mean (SD) Mean (SD) 

DTE 7,37 (5,48) 8,53 (5,87) 6,00 (3,93) 0,334 - 

DC 6,13 (4,75) 5,11 (4,55) 3,89 (2,64) 0,200 - 

DT 14,07 (4,59) 12,42 (3,61) 11,21 (6,00) 0,125 - 

DDP 12,30 (5,58) 11,47 (5,43) 9,00 (5,98) 0,140 - 

DP 12,47 (5,00) 9,58 (4,58) 8,787 (5,80) 0,036 

<5 = 5-10 

5-10 = >10 

<5 ≠ >10 

* Non parametric Kruskal-Wallis test. 

 

FINAL IMPLICATIONS 

This research revealed the management of learning and the difficulties faced by a 

group of ST who attended DCE in a public university. The way that science teachers 

cope with their ML and difficulties affect their participation in the course, and 

consequently their learning. Such participation can mean not being successful in 

DCE, learn less than programmed or desired, do not face the course seriously, and 

create a negative image of distance education for distance continuing education.   

In this study, we presented in more details ST difficulties. Mercado (2007) only listed 

some difficulties, but did not advance regarding the association of profile (gender, 
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age) with the difficulties presented. Without creating such association, it is not 

possible to obtain detailed information. Such association permits us to understand, for 

example, that in DP (self-discipline, organization), the variables Age, Experience, 

and Teaching experience were relevant. Older science teachers, with DE experience 

and teaching experience had fewer difficulties over the course in personal issues. 

From the understanding of management learning and difficulties, teacher educator 

can assist ST using, among other things, personalized activities such as initial 

meetings, guidance, and private chats. These activities contribute to the ST education, 

and consequently to improve science teaching. 
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Abstract: Online Professional Development (PD) is known to have benefits and barriers. One 

of the main challenges, which is relevant to PD in general, is how to bridge the research-

practice gap, or how to encourage teachers to actually use in their classrooms the innovative 

approaches they have learnt in PD. When new technology is involved the barriers are even 

higher, since teachers often need to overcome technical problems, and learn new skills in 

addition to the new content, before they can pass them over to their students.      

In this study we developed a PD model that deals with these challenges, aiming to bridge the 

gap between theory and practice and help teachers in the assimilation of a new computerized 

environment for middle school science students called “Science-Tec”. The model is based on 

three components:  teachers learning as students, teachers as guides, and teachers as peers. 

First they engaged as students with the new learning environment and got feedback from the 

PD team. Then they planned and enacted a lesson based on the new learning environment 

with their students. Finally they presented their experience, reflected on it and discussed it as 

peers in a virtual classroom. 

The content of the online PD was based on an E-Learning environment, which was developed 

in the Moodle platform. This environment integrates contents from the new middle-school 

curriculum in science, with explicit teaching of high-order thinking and learning skills, 

through interactive tools including simulations, videos and interactive activities. This 

environment aims to support the teaching and learning of key topics and skills in science at 

middle school level.  

Data collected include online questionnaire responses, participants’ assignments and Moodle 

LMS data for the teachers and their students.  

We present our methodology of the PD model and study the influence of its different 

components on teachers’ practice. Findings show that the PD model matched the enactment 

needs, and enabled teachers to cope with challenges in effective and easier manner, resulting 

in a positive experience. 

Keywords: E-learning, Science, Professional Development, Moodle, Research-Practice 
 

INTRODUCTION 

One of the major challenges in teacher PD is finding ways to overcome the gap between 

research-based approaches and the needs of practitioners (Luft, 2010). Research - based 

approaches are often viewed as disconnected from the teaching reality and teachers refrain 

from using them. Even after learning and experiencing new approaches during PD many 

teachers nemged assistance and guidance for their successful application in the classroom.   

When new technology is involved, and specifically in case of E-learning, the challenges are 

even more difficult, since teachers need to overcome technical difficulties and learn new skills 

in addition to new content. The need to apply these components in the classroom raises more 

difficulties and requires from teachers knowledge in three different areas – content, pedagogy 

and technology (referred to as TPCK by Mishra & Koehler, 2006). 
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This paper describes a model which deals with these challenges. The model was developed 

during the construction and application of the online PD “Science-TEC” during 2011-2012. 

In this PD most of teacher’s learning is done online, and the teaching content is embedded in 

a computerized environment. The goals of this PD include content, pedagogy and technology 

components (Table 1), in addition to the major goal – successful application of the 

computerized environment “Science-TEC” in teaching practice. 

The computerized environment “Science-TEC” was developed at Davidson institute in 

Moodle LMS (learning management system) platform. It includes units that integrate major 

skills with selected topics in science for middle school. The units are based on the new Israeli 

science curriculum for middle school, and integrate various technological tools, like 

simulations, videos and interactive activities. 

 

Table 1 

The PD Goals  

Content Goals  Teachers will improve understanding and be able to teach: 

a. Selected content topics: properties of matter, the particle model of matter, 

forces and motion. 

b. Inquiry skills, Reasoning and Scientific explanation skills in relevant contexts 

to the selected topics above. 

Pedagogical 

Goals 

Teachers will experience and be able to use teaching strategies including: 

individual learning, active learning, and collaborative learning.  

Technological 

Goals 

Teachers will experience and be able to use technological tools including: 

computerized environment, media components, LMS in Moodle environment, 

using classroom forums. 

 

METHOD 

The PD model 

A teacher participating in the PD who is interested in applying the computerized environment 

in her classroom is required to deal with challenges in various levels: knowledge of content, 

pedagogy and technology at the student level, being able to teach this knowledge at the 

teacher or guide level, while being able to deal with technological and/or pedagogical 

unexpected difficulties and problem solving in real time. In order to perform this the teacher 

must be able to reflect on the experience, analyze and revise it.  

In order to deal with these challenges we developed a PD model, based on elements from 

previous models (Falik, Elon & Rosenfeld, 2007), and modified it to the present goals. This 

model allows the teacher to experience and deal with challenges at student level, teacher-

facilitator level and peer level, all of them in a supportive and helpful environment in all three 

components: content, pedagogy and technology. The model stages are based on the learning 

circle of a teacher participating in PD: experiencing, applying and reflecting (based on 

Karplus, 1975, Bybee et al, 1989). These stages are described in Table 2. 

The uniqueness of the current model is the attempt to cope during the PD with technological 

difficulties, in addition to pedagogical and content difficulties, that a teacher might experience 
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in each stage of the learning cycle. A schematic representation of the model is presented in 

figure 1. 

 

Table 2  

The PD stages 

Experiencing activities in a computerized environment, reading articles on various 

topics (content, pedagogy, technology), experiencing technological tools – virtual 

classroom, forum, blogs 

Experience 

Applying computerized activities in the classroom, including feedback for students and 

dealing with technological problems in real time  
Apply 

Participating in forum discussions, presenting insights and reflections from the 

classroom experience, and peer evaluation in the virtual classroom. 
Reflect 

 

 

 

Figure 1. Schematic representation of the PD model 

This model represents the PD stages: from experiencing through application towards 

reflection. In each stage teachers are involved in three levels of participation: as students, as 

teachers, and as peers. The knowledge around which the PD is constructed involves three 

components: content, pedagogy, and technology. 
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The sample of the study 

The study sample included the participants of two online PD courses held during the school 

year 2011-2012. The first cohort involved 20 middle-school science teachers from different 

locations in Israel. The second cohort involved 17 teachers. Both courses lasted about four 

months (30 hours), and provided credit for teachers who finished all the assignments. For 

most of the participants this was the first online PD in which they participated. 

 

Data Collection 

Data was collected from three main sources: 

1. Teachers’ assignments that were required throughout the PD, including: activities in 

the students’ computerized environment “Science-TEC” and their contributions in the 

PD forum.  

2. Teachers’ reflection on their work during the PD (mainly the application stage), that 

was written as part of the final assignment they handed out by the end of the PD. 

3. Online questionnaires that teachers were asked to answer at the end of the PD. 

 

Data analysis 

Data was analyzed in the following methods: 

1. Reports from the Moodle LMS system regarding activities the teachers did in the 

computerized environment. 

2. Summary and analysis of the online questionnaires. 

3. Qualitative analysis of teachers’ contributions at the PD forum and their reflections 

in the final assignment1. 

 

FINDINGS 

Several trends emerge from the data analysis regarding the significance of each of the PD 

stages to achieving the PD goals. 

1. Experience stage 

At this stage teachers participated in a face-to-face meeting, in which they learnt about the 

content and technological tools used in the PD, and began to practice these tools. During 

the following month participants experienced activities in the computerized environment 

as students. In both cohorts of the PD about 25% of the participants dropped out at this 

stage, mainly due to technical difficulties and gaps between their expectations and reality 

regarding the level of engagement required in the PD. At this stage the main challenge for 

participants was related to technological aspects, and less to content or pedagogical ones. 

Data regarding the level of participation and activity performance is collected through the 

Moodle learning management system (LMS), which provides immediate feedback to 

closed questions. The PD team completed the assessment and feedback for open 

questions.   

                                                 
1
 Data was analyzed qualitatively by dividing the text to segments and looking for similar categories  
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2. Application stage 

An integral part of the PD was implementation of one (or more) of the computerized 

interactive activities from the “Science-Tec” environment in the classroom, including 

planning and applying the lesson, comparing the planned and enacted activities, 

presenting the report and conducting a discussion about it in an online synchronic 

meeting, and reflecting on the experience in writing. It is important to note that all the 

teachers who completed the first stage (experiencing “Science-Tec” activities) continued 

to the next stages, participated in the final synchronic meetings, and completed all the PD 

assignments. 

Table 3 presents categories emerging from teachers’ written reflections. These categories 

include, in addition to technological and pedagogical aspects, also a techno-pedagogic 

aspect. That is, referring to the pedagogy of technology integration in teaching. Statements 

in this category were mentioned by 80% of the teachers. These findings lead to the 

conclusion that the experience stage prepared the teachers to succeed in applying the 

computerized unit in their classroom. This experience involved the combination of 

content, pedagogical and technological aspects. 

Table 3  

Practice Stage - Categories emerging in teachers’ written assignments 

Examples Categories 

“the activities, content and simulations matched the 

students’ knowledge” 

“Introduction and summarizing lessons are necessary 

before and after the computerized lesson” 

Class readiness  Pedagogical 

aspects 

“I felt my role was to be a facilitator, which enabled me 

to estimate the difficulties and achievements of each 

student closely” 

“I believe that teacher’s role did not disappear like some 

teachers think, but it’s only changing. The teacher still 

has an important role – directing the student in the sea of 

information” 

Teacher’s role as a 

facilitator in a 

computerized lesson 

“I learnt that it was worth spending time for preparation 

in school, showing students how to use the 

computerized environment. This way they’ll have more 

confidence and less difficulties, so that the experience 

will be more successful.” 

Technical preparations Technological 

aspects 

“I encountered the first difficulty immediately when 

trying to log students into the computerized activity, so I 

used one password that worked for all students” 

Real time problem 

solving 

“Integrating the website in our working plan allowed 

each student to progress according to his abilities”. 

“I noticed that some students felt more comfortable and 

were more successful working with the computer 

compared to the usual teaching methods. Their self-

confidence was raised and they were more engaged.” 

Advantages of the 

computerized 

environment for 

students 

Techno-

Pedagogical 

aspects 

“Using this environment enabled me to summarize the 

subject and include enrichment activities in a different 

way that allowed me to follow each student’s situation 

up to the resolution of a concept and a question.”  

Influence of the 

computerized 

environment on 

teaching practice 
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3. Reflection stage 

The final stage of the PD included two synchronic colleague-meetings, followed by the final 

assignment. At this stage teachers reflected on all the stages of the PD. 

In their written reflections teachers refer to two main issues: students’ reactions and their own 

feeling of a successful experience as teachers. Table 4 presents some examples that show how 

teachers were influenced by content, pedagogical and technological aspects. 
 

Table 4  

Examples from teachers’ reflections 

Categories Examples Aspects 

Students’ 

reactions 

“The activity was very clear to them. Sometimes they had difficulties 

keeping quiet since they were excited by the new and dynamic 

activities” 

“Students’ were enthusiastic about the experience of computerized 

activities. They said it was interesting and they would like to learn 

other topics using these kind of activities.” 

Pedagogy 

 

 

Content 

Teachers’ 

experience 

“It was my first and very special experience. It was an experience of 

learning and a successful practice with students” 

“The practice was a positive experience for me. My main fears were 

regarding technical issues, and I solved it by careful preparation”  

“I learnt much more about each student’s abilities by using this 

learning environment compared to regular teaching. I enjoyed 

watching how students were engaged.” 

 

 

Technology 

 

 

Pedagogy 

 

Teachers had additional opportunities for reflection during the PD. One opportunity was 

participating in forum discussions, which enable teachers to participate as colleagues and 

discuss content, pedagogical and technological issues. The support of other participants and 

their reactions provided a base for a successful experience in the classroom. In both cohorts of 

the PD there seemed to be a clear connection between contributing to forum discussions and a 

successful experience with students. Teachers who were active in the forum also applied the 

computerized activity successfully with their students. Teachers’ comments (Table 5) indicate 

that the main factors influencing their future intentions to use the computerized environment 

are content and technological ones.  

 

Table 5 

 Examples from teachers’ reflection regarding factors influencing future enactment 

Examples Factors 

“Personally, I will be happy to continue and use these activities. Since they are 

interesting these activities opened students’ eyes and increased their level of 

attentiveness” 

“I enjoyed participating as a student as well as a teacher in the PD, which contributed to 

me and my students significantly content and ideas. I intend to use the computerized 

environment for teaching additional topics along the year.” 

Content 

“After my first experience in the classroom my technical fears disappeared. I even dared 

to teach these activities in classes where students are very active” 

Technology 
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We assume that teachers who had a successful experience would continue to enact the 

computerized environment with their students in the future. Current data shows that about 

50% of those who completed the PD continue to enact the computerized environment in the 

following year. 

 

SUMMARY AND CONCLUSIONS 

We found it is important to match the PD model with its goals, taking in account all the 

aspects that teachers have to face in order to successfully enact the PD content in the 

classroom. Since this PD was based on a computerized environment, integrating content, 

pedagogy and technology, it was necessary to align the PD model with the working 

environment, allowing teachers to gain confidence and experience in all aspects: learning 

science content in the specific topics, practicing the relevant pedagogical approaches, and 

using the technological tools. In order to achieve these goals teachers need to practice in three 

levels: student level, teacher-facilitator level and peer level. In particular, it is important to 

experience the technological difficulties and ways to overcome them. This experience 

becomes possible by an initial face-to-face meeting followed by consequent online meetings. 

All of the meetings are based on the same model, and involve one of the aspects experienced 

in one or more of the levels. Teachers’ confidence is developed together with their knowledge 

and experience. 

A significant advantage of this PD is that it was carried out during the school year and not on 

summer vacation. This way teachers are able to practice the computerized environment in the 

classroom as part of their regular teaching, while they are still part of the PD supportive 

environment, and they can get assistance and feedback from their peers and the PD guides. In 

addition, teachers can match the PD content with their specific curriculum and students’ 

needs. This way the chance for a successful enactment and assimilation increases in the short 

term as well as the long term. 

Analyses of teachers’ reflections revealed that they ascribe importance to all the aspects as 

factors influencing the success of classroom enactment, and in particular they mentioned the 

techno-pedagogical aspect. Therefore, it is important to consider all these aspects during the 

PD, and provide teachers with opportunities to deal with difficulties and overcome them in all 

three levels (student, teacher, and peer).  

We would like to mention that the PD is still in development, and we intend to improve it in 

the future. Some of the improvements we intend to add in future sessions of the PD are adding 

more opportunities to practice the computerized environment in the classroom and discuss the 

experience in synchronic meetings, and suggesting personal synchronic meetings to teachers 

who have trouble with the technology. 

Aligning the PD model with the enactment needs allows the PD team to follow the teachers, 

support them and answer their difficulties in all aspects in real time. This way the model 

prepares teachers to cope with challenges in their practice, and leads to a positive experience, 

which is a condition for a successful enactment.   
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Abstract Wikipedia is becoming a main source for scientific information. However, we 

know very little of the nature of science transmitted by Wikipedia. In this paper we 

present the preliminary results of our attempt to characterize scientific knowledge on the 

Spanish Wikipedia. Our analysis consists of two stages: Identifying scientific and 

technological content and highlighting the relationships among its components. 

Comparing our results with similar procedures carried out on school textbooks, suggests 

that there is a significant difference between scientific culture in traditional educational 

aids and on the Web. Scientific content in textbooks is characterized by a traditional 

disciplinary division, in spite of efforts to integrate interdisciplinary approaches and 

significant social contexts. It seems that for its dynamic nature Wikipedia is more prone 

to an interdisciplinary structure of contents. This relative flexibility also opens the way 

to the incorporation of social concerns alongside traditional scientific disciplines. We 

believe thus that the popularity of Wikipedia can contribute to changing the nature of 

scientific content available to students.  

Key words: Wikipedia, Science Education, Nature of Science 

 

INTRODUCTION 

Whether we like it or not there is mounting evidence that Wikipedia is becoming a main 

source for scientific information. In fact for students on all levels Wikipedia is the first 

step for investigating any topic (Moldwin and Miller, 2007). Its accessibility, vast 

content and dynamic character make it an easy and updated source of information. Even 

courts are using it on a regular basis for questions of geography and definitions of 

technical terms (Miller and Murray, 2010). More importantly the approval of Wikipedia 

in scientific circles is manifested by its frequent appearance in peer reviewed journal 

articles as a source of data (Okoli, 2009).  

The novelty of Wikipedia is its collective and collaborative nature. The Wikipedia 

community consisting of single authors, editors, administrators and the public shape its 

content and structure. Although there are a few scholars that criticize its reliability, most 

research validates its epistemic qualities. More important it is regularly included in the 

10 most visited cites demonstrating its importance as a source of knowledge (Okoli, 

2009).  

However, we know very little of the nature of science transmitted by Wikipedia. Most 

research has been limited to evaluating its reliability. A research conducted by Nature 

found its accuracy comparable to that of Britannica (Giles, 2005). Nevertheless other 

studies maintain that despite the review process, the lack of formal gatekeeping 

procedure ensures that the lowest common denominator will prevail (Svoboda, 2006). 

Still, most efforts to examine the issue confirm its position as a valuable source of 
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knowledge. There is even research of Wikipedia as an epistemological phenomenon 

examining how it affects people´s consciousness of how they know what they believe 

they know (Dede, 2008). Wikipedia represents thus a significant shift in how 

knowledge is evaluated and received.  

RATIONALE 

As a result we believe that there is an urgent need to understand better the character of 

Wikipedia’s scientific contents. The Nature of Science conveyed by science textbooks is 

a growing field of research. The prominence of school textbooks has birthed a growing 

body of research aimed at characterizing the Nature Of  Science (NOS) they transmit. In 

an early and influential attempt from 1991, Chiappetta, Fillman & Sethna determined 

the relative emphasis of different aspects of science. They found that “science as a body 

of knowledge” was the predominant theme among these texts. The second most-

emphasized theme was “science as a way of investigating”. The “interaction of science, 

technology, and society” received some coverage while “science as a way of thinking,” 

seemed to be neglected in most of the science textbooks. Vesterinen et al.’s study of  

Nordic chemistry books found that similarly to science textbooks published in the USA, 

the Finnish and Swedish upper secondary school chemistry textbooks seem overly 

focused on the content of science and too little on the dimensions of “science as a way 

of knowing”, and ”interaction of science, technology and society”.  

Our research on Spanish textbooks indicates a similar pattern. We found that science 

books are mainly concerned with intrinsic elements of scientific culture while extrinsic 

elements related to the way society interacts with science tend to appear in non 

scientific books. We also found that Spanish curriculum as a whole is still divided along 

traditional disciplinary lines thus scientific information does not appear alongside its 

social implications or its technological applications (Groves, Quintanilla and Escobar, 

2012, Quintanilla et al., 2011).     

Extending the effort to understand the Nature of Science to Wikipedia is a challenging 

task due to its dimensions and diversity and to other specific problems. In this 

preliminary research we attempte to identify scientific and technological content, 

assessing its relative weight and highlighting the relationships among its components. 

This allows an initial appreciation of the potential of Wikipedia as a didactic tool as 

well as illuminating important characteristics of online scientific culture.   

METHODS 

The first task was to design an automatic procedure that would filter Wikipedia in order 

to detect articles with a relevant scientific content and assess their weight. The second 

task was to reveal the semantic structure of Wikipedia’s scientific content (Chernov, 

Iofciu, Nejdl. & Zhou 2006), analyzing the links between different Wikipedia articles.  

The whole Wikipedia is available for downloading  by anyone as a database in XML 

format which can be imported in a MySQL database engine. For every specific 

language version of Wikipedia, there are snapshots of specific moments. These 

snapshots consist of several Gbytes of data including not only the visible part of 

Wikipedia, but also administrative data, historical records of editions of every article, 

etc. 

For our research we used the snapshot of  January, 29 of 2012 of the Spanish version, 

focusing on: articles (text), categories, and links. After cleaning the data (droping 

redirections, disambiguating pages and so on), we had more than 800,000 articles of all 
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topics.  Using this data we could have built a directed graph in which the nodes are the 

articles and the directed edges are the links that connect them. However, this graph 

would have been too big to be easily processed. As a result we decided to resort to the 

categories assigned by the authors of the Wikipedia articles.   

The categories are a kind of tags referring to the topic of the articles. After cleaning the 

categories list (dropping administrative categories as well as categories with very low 

frequencies), we had close to 64,000 categories. We analyzed  all the weblinks that 

output from the articles of each category and point to articles of other categories. This 

allowed us to build a network in which categories are the nodes and the grouped links 

are the edges; the number of articles of every category pointing to other categories 

consists of the weight of the edges.  The result is a directed and weighted graph of 

64,000 nodes and only 2,000,000 edges. On this graph we applied techniques of Social 

Network Analysis in order to detect communities of Wikipedia categories (nodes). 

Correlated categories have more and stronger links between them, thus we can expect 

the emergence of communities of categories containing articles about close topics. 

The technique we used is based on an algorithm known as InfoMap (Rosvall, Axelsson,  

& Bergstrom 2009), which takes into account not only the links between nodes, but also 

their direction and their intensity (weight). We chose this algorithm because it is 

reasonably fast in cases in which the network does not have many edges. Using 

Infomap, we detected 826 communities (of different sizes), which were manually 

revised selecting those communities that belong to  Science & Technology.  We found 

116 communities of Science and Technology categories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The network of Wikipedia categories: S & T highlighted in red 
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Using this procedure we detected 94,797 articles about Science and/or Technology. We 

checked manually a random sample and discovered that some of them were simply a 

title and a place in a taxonomycal tree. These kinds of articles are usually related to lists 

of classifications such as asteroids, zoological species, bacteria, etc. Based on the 

edition history and size we cleaned these empty articles and reduced the quantity to 

29,639 articles on Science and/or Tecnology in the Spanish version of Wikipedia. 

The second stage of our analysis was concerned with the web links connecting the 

different articles. We created a new graph in which the articles are the nodes and the 

weblinks are the edges. This process highlighted the existence of a different kind of 

communities, those of groups of articles which are highly connected among themselves. 

This analysis was naturally limited to articles already classified as science and 

technology. As we wanted to see how science and technology articles are connected to 

other contents we looked at links to articles not classified as science and technology. 

For the purposes of this paper we only checked the situation with regard to the links of 

Health Science articles to contents not classified as science and technology.    

RESULTS 

As can be seen in graph 2 the communities of articles based on the analysis indicates a 

relative traditional division of scientific contents.  

 

 
 

 

 

Figure 2. The communities of Wikipedia articles based on the analysis of weblinks 
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However when we look at the net of links of a specific field, such as Health Science, it 

seems to reflect a more interdisciplinary arrangement as there are strong connections to 

physics and chemistry (Graph 3). An analysis of the weblinks of in Health Science of 

non scientific article also reflects a more flexible structure of contents as among the 

most connected contents we find articles about Philosophy, Education, Religion, 

Society, Culture, Ethics and Civil Rights (Table 1). We also find links to the TV series 

Grey’s Anatomy a phenomenon that reflects how popular culture is intertwined with 

scientific knowledge on the Web. There is a need for further analysis to evaluate the 

significance of this tendency.  

 

 

 
 

 

 

Figuere 3. The net of weblinks between Health Science and other scientific content 

(highlighted in blue) 
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Table 1 

 

Non scientific articles most connected to Health Science articles  

 

Article No. of weblinks 

in Health 

Science 

Article No. Of weblinks 

in Health Science 

ISBN 247 Arte 14 

Filosofía 35 Política 14 

Anatomía_de_Gray 31 Derechos_humanos 13 

Alimento 25 Cristianismo 12 

Escritor 21 Alimentación 12 

Tabaco 18 Dios 11 

Educación 18 Raza 11 

Aprendizaje 18 Meditación 11 

Población 18 Internet_Archive 10 

Religión 17 Budismo 10 

Familia 17 Símbolo 10 

Persona 16 Sociología 10 

Sociedad 16 Ganado 10 

Cultura 15 Felicidad 10 

Ética 14 País 10 

 

 

DISCUSION AND CONCLUSIONS 

Comparing these results with similar procedures carried out on school textbooks, 

suggests that there might be a difference between scientific culture in traditional 

educational aids and on the Web. Scientific content in school textbooks is characterized 

by a traditional disciplinary division, in spite of efforts to integrate interdisciplinary 

approaches and significant social contexts. It seems that in Wikipedia there is more 

flexibility than in traditional academic contexts. 

Our first preliminary results with regard to the Wikipedia give the impression that the 

distribution of scientific contents does not depend solely on traditional academic 

disciplines, but tends towards a more interdisciplinary structure, and maybe even allows 

the introduction of current social concerns. It is important to remember that the links are 

set up by the authors of the articles and that they reflect a collective perception of the 

relations among different contents. It is difficult to predict how the educational process 

will be affected by tools such as Wikipedia. In order to confirm our hypothesis there is a 

need to extend and elaborate more precise methodologies in order to analyze the links 

between scientific and technological articles and other contents on the Wikipedia.  
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Abstract: In this study we analyzed the production and the reception of an educational 

video produced by pre-service Biology teachers, in order to identify the meanings 

created by the spectators. For this we analyzed the video, applied a questionnaire to 

the producers, and made a screening for others pre-service Biology teachers, followed 

by another questionnaire. The results have shown mostly that they understood the 

video in the same way it was conceived by the producers. Though they could 

comprehend the video and the intention of the authors, they were also able to manifest 

different critical positions in relation to the work. It was possible to characterize that 

the video exhibition occurred according to the private mode of viewing. 

Keywords: educational video, film reception, biology teaching 

 

INTRODUCTION 

The use of videos in education is constantly considered advantageous for arousing 

attention, enhancing interest, stimulating curiosity and increasing students’ motivation 

(Ferrés, 1996). Worth (1981) highlights that some assumptions about this use have 

been proved to be consensual and true, and accepted without further confirmation, 

such as those that state that film is psychologically superior to words and that it has 

untapped potential to do what words fail to, communicating in a multimodal and 

multisensory way, for all ages and different cultures. 

We present in this paper a reception study whose objective was to expand the range of 

issues that relate to better understanding the use of audio-visual in science teaching 

and learning. For this, a video production and screening activity was conducted and 

investigated with a group of 22 pre-service Biology teachers. This group was divided 

in smaller groups and each one of these produced a video on the topic “Human Body 

and its defenses – attitudes for a healthy life”. All the produced videos were exhibited 

to the whole group and, after that, one was chosen for further debate. A questionnaire 

about this selected video was applied to the non-producers students.  

The reception analysis is based on the Multidimensional Model (Schrøder, 2000) in 

which we study the dimensions of comprehension and discrimination. We also 

identified the preferred meaning of the selected video and compared it with the 

readings made by the subjects, the smaller group of non producers of the larger group. 

We also tried to identify the mode of viewing (context of reception) in which the 

video was watched. 
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RATIONALE 

Most of the decisions about the structure of a video or picture and its finished and 

final appearance are made based on the assumptions about "who" the producers think 

the viewers are, what they want and how they watch the films (Ellsworth, 1997). 

Videos are also built on assumptions about who the viewer is. This relation between 

the structure of a film and the viewers experience is called "mode of address", a 

concept based on the argument that for a film to "work" for a particular audience, the 

viewers must get into a special relationship with the story and the image system of the 

film (Ellsworth, 1997). 

Hall (1980), by creating the Encoding/Decoding Model, opened a new study field to 

highlight the circular relation between media production and media reception. For this 

author, neither the production of the message, nor its reception activities are 

transparent since the message can be multifaceted and the receiver can also read 

according to a large diversity of reference systems. According to the author, there 

would be three possible reading positions: dominant, negotiated and oppositional. 

Schrøder extended Hall's model by incorporating other dimensions of meaning 

production, divided into two groups of categories: "readings" and "implications". The 

readings group has four dimensions: motivation, comprehension, discrimination and 

position. The implications group relates to the possibility of using the social 

significance of the readings as a tool for policy actions. Besides that, Schrøder also 

clarified that the preferred meaning is more related to the context of coding, i.e., the 

meaning adopted by the producer in the elaboration of the message, and the preferred 

reading, to the decoding, which corresponds to the readings done by the majority of 

viewers (Schrøder, 2000). 

Thus, contemporary reception studies have highlighted viewers active and creative 

role, and also the levels of control that can be handled by the producers on how they 

choose to construct the film or how they define certain "meanings" and "preferred 

readings". In order to understand the limits and potential of the use of audiovisual 

resources in science classrooms, we consider relevant to analyze the experiences of 

students as spectators in educational spaces. We should know what experiences 

enable them to create resistance or acceptance so that we can better understand the 

educational activities involving audiovisual, keeping in mind that these preferences 

and resistances are likely to be evident in the classroom. Thus, audiovisual reception 

studies can be done to better understand how students develop attitudes towards 

audiovisual productions and how they position themselves, resist or adhere to these 

activities and productions. 

Therefore, here we conduct a twofold research: on one hand, on the actual 

characteristics of the selected video and its process of production, trying to identify 

the "preferred meaning", i.e., the meaning intended and desired by the producers 

(Hall, 1980) and its mode of address (Ellsworth, 1997). On the other, a study of the 

readings and meanings produced by viewers in different dimensions or levels of 

attribution of meaning and value to the selected video. We may also seek to identify 

how a given context can produce variations on how an educational video is 

understood and experienced, giving rise to different modes of viewing (Odin, 2005). 

The author characterizes nine modes of viewing, showing the variation that might be 

produced solely by the context of exhibition: spectacular, fictional, fabulist, 

documentary, argumentative/persuasive, artistic, aesthetic, energetic and private. 
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DEVELOPMENT 

To achieve the proposed objectives of this study, we made a qualitative holistic 

empirical research, in which we investigated the production of a video produced by 

pre-service Biology teachers. To study the production, we analyzed the video as well 

as the answers given by the producers, in an interview. The analysis of this interview 

was made through content analysis (deciphering structural and thematic cross-

cutting), as proposed by Bardin (2009). To study the reception, the video was 

exhibited, the context of this exhibition was observed and we applied a questionnaire 

to the spectators. 

The activity of production and reception of videos was proposed to a class of twenty-

two students of 4th semester of the BSc in Biology in a public university in the state 

of Rio de Janeiro. All these students are around 21 years of age. The lecturer, who is 

also one of the authors of this study, proposed as a theme to be explored by students 

"Human body and its defenses - attitudes to healthy living." The class was divided 

into groups and had to produce videos addressed to high school students of 15-18 

years of age, to be presented as a complement to science teaching activities about 

health. Each group produced a video about the topic. Although the subject was the 

same for all groups, quite different videos were produced. The presentation of these 

videos was scheduled in the first class, for the end of the term. 

Students went through a training to understand and use in the production of the video 

the concepts of mode of address and preferred meaning (as proposed by Ellsworth and 

Hall), as well as ways of reading/viewing (according to Hall, Schrøder and Odin). 

This training occurred during six hours, through reading and discussing informational 

text extracted and modified from Pastor (2012). 

After all videos have been produced and shown to the group, the students have chosen 

one video to be presented again. It was suggested to adopt as a criterion for choosing 

this video its adequacy to the proposed objectives. In other words, they should select 

which video would have fulfilled the best what was proposed by the lecturer. The 

seventeen students who did not participate in the production of the chosen video were 

invited to answer a questionnaire, which intended to investigate the preferred meaning 

of the selected video. The questionnaire did not ask the identification of the 

respondent. The five producers students of the chosen video were interviewed to 

ascertain how they structured the video to reach the desired preferred meaning. 

As the presentation of the videos was taken in the classroom only to students and the 

lecturer, and as all of these students had participated in at least one activity of 

producing a video before, it can be deduced that the public of this study had some 

experience on audiovisual production and, especially about the subject in the videos. 

Besides, these students attend together in other courses and, in some cases, keep 

emotional bonds among them. 

The video chosen by the students is composed by images and short snippets of 

professional videos available on the Internet. It presents prompt message, rules, 

exploring pictures in a sensationalist way, and aims to be emphatic, but tries to 

stimulate the viewer, for example addressing him directly by saying "watch out!" or 

"But ... some want be smarter...". 
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The aesthetic and narrative choices, the images, effects and editing resulted in a video 

that intercalates scientific knowledge and moral content, in an attempt to persuade the 

audience of the risks of certain habits. The video appeals for scientific statements to 

try to give greater credibility to what is said and try to reach the viewer's ethics, moral 

values, and to produce attitude changes or the adoption of certain types of behavior. 

Using the "credibility" of scientific knowledge to indicate "correct standards of 

conduct" and exploring borderline situations of steroids and alcohol use, which we 

believe are not usually observed in the majority of teenagers in their daily lives, the 

video tries to produce impact and fear on viewers. 

   

  
 

  
 

Figure 1. Examples of images shown in the video. 

By analyzing the interview with the producers, we found three thematic blocks, 

although the script for this interview contained six questions. The first issue indicates 

that producers have assumed that adolescents are individuals looking for social 

interaction and for calling the attention of others and that, for them, would be a 

necessity having a "built body" and drinking, as these are requirements considered 

essential for socialization ("more attention"). This understanding of the producers, 

about the values that are priority to adolescents, led the group to choose to edit a video 

about steroids and alcohol and their effects on the body, although they have also 

thought of talking about sex (but they thought that was already "over past"), and about 

cicatrization. The initial idea was, however, considered more relevant, since two 

students have already observed in their daily life steroid abuse by teenagers, besides 

realizing the frequent use of alcoholic drinks. They understood that to talk to a 
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teenage public, which was their main target, is not very easy. To make that message 

reach these young people would have been necessary, according to the producers' 

group, to be "appellative" and/or "impactful", besides using simple language of their 

cultural context, to not let the video be tiresome and dull. 

In the second topic the producers emphasized the consequence of individual attitudes. 

For them, the video also intended to lead students to reflection, criticism and 

responsibility, and therefore would have an educational function. 

The third theme that emerged from the interview is related to the choices of resources 

used in the production of the video and the correct implementation of the address to 

teenagers. Some of the producers' previous unsuccessful experience led the group to 

choose professional images and videos available in the Internet in order to guarantee a 

better quality of sound and image. The resources identified as most important by the 

group were sound and music, which should be known by the addressed public and 

instrumental, so that it would not divert the attention of the spectator. Besides that it 

should be impactful, to hold their attention. The choice of images followed the group's 

consideration of what would be most "interesting", what would help explore "the two 

sides of the coin", as told by one of the producers, and especially most "impactful". 

The choice of photographs of young artists was also, according to the authors, one 

way to do a correct address. The group also tried to use material from students' daily 

life, since they believed that it would make understanding easier. Another concern 

they had in an attempt to set the address of the video was the video's length: it should 

be short, as they believe teenagers are impatient and "want everything fast". Once 

again they emphasized their concern in not letting the video to be dull and tiresome. 

 

RESULTS 

Mode of viewing 

The private mode of viewing (in which the sharing of common group experiences is 

the objective) was predominant during the screening of the video. During the session 

spectators made jokes involving colleagues and the topics of the video. They were 

also familiar with images and music presented and made comments about each other’s 

comments. This group meet almost every day in the university and have strong 

affective bonds among each other. 

The aesthetic mode of viewing (in which spectators are especially interested in the 

work done with images and sounds) was also present due to teacher’s explicit 

orientation regarding an evaluating activity after the exhibition. This was evident for 

explicit statements about the good or bad quality of images and music and about the 

positive/negative impacts of the video. 

Preferred meaning and preferred reading 

Most of the students believed the preferred meaning of the video was “to alert about 

the risks of using steroids and alcohol”. Although the video drew much attention on 

the risks of using alcohol and steroids, this was not the preferred meaning according 

to the producers’ point of view. The producers wanted to show the necessary cause-

effect relation between teenagers’ attitudes and health problems. Therefore, the 

preferred reading made by most of the students do not correspond exactly to 

producers’ intentions or preferred meaning. 
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Position 

88% of the spectators agreed with producers’ point of view about the issues addressed 

and with the aesthetical choices they made in order to accomplish their objectives. But 

12% did not agree and criticized the video for its superficiality and ephemeral impact. 

Some suggested changes in order to make the video more adequate. 

 

CONCLUSION 

In order to understand the limits and potential of the use of audio-visual resources in 

Science Education, it is necessary to analyze students’ experiences as spectators in the 

classroom and to know what experiences enable them to create resistance or 

acceptance to teaching and learning with video. 

Aiming to discuss these points, we studied production by interviewing the producers, 

as well as analyzing the video they produced. To study reception, we showed this 

video to a group that excluded the producers and applied a questionnaire to this group. 

In this study, we tried to show how a combined activity of producing and screening a 

video can produce a variety of experiences of understanding specially conceived 

meanings. 

The data generated show that the experience of viewing an audio-visual material is 

multiple and full of indetermination and cannot be fully controlled or considered 

exempt of resistance, not even in school. 

Thus, audio-visual reception studies are relevant to better understand how students 

develop attitudes in most types of activities with audio-visual resources and how they 

position themselves, resist or adhere to these activities and productions. 

By repeating this type of study in new situations we expect to achieve a better 

understanding of the multiple issues related to video reception and production in 

Science Education. 
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Abstract: This paper is based on the Cognitive Mediation Networks Theory and aims to 

describe the results of an exploratory experiment in computational chemistry and molecular 

modeling. Six High School Chemistry students were used as sample and participated in all 

stages of the research, in which molecular modeling software was used as an external 

information processing mechanism so that the student can internalize the contents of 

simulation, the chemical representations shown and acquire new knowledge. In this sense, we 

aim to answer the following research question: what specific “drivers” are originated by the 

molecular visualization or by the molecular modeling?  The full experimental design 

included: individual pre-test; individual pre-test interview; computational molecular modeling 

performed in pairs and approaching conformational analysis of the n-butane molecule and 

cis/trans stereochemistry from the analysis of the energy involved in the double bonding 

torsion of cis-2-butene; individual post-test and post test individual interview. The pre and 

post test interviews were conducted according to the Think Aloud Protocol. All the steps were 

registered in video. The analysis of the videos were done in order to obtain information about 

the mental images from gestures. In this paper, we focused in the conformational analysis. In 

general, it is possible to talk about sensible gains when students appropriate themselves of 

new ways of representing chemical information after using the software and can relate them 

to the properties of molecules. From there, the student naturally connects structure of 

chemical compounds, their properties and the general concept of Energy.  

Keywords: chemistry teaching, molecular modeling, extracerebral cognition, computer-

mediated learning, stereochemistry. 

 

INTRODUCTION 

The community of researchers in Science teaching has discussed ways of providing students 

with a better content learning in this area. In Chemistry, in particular, concepts are hard to 

understand because learning them requires mastery in the symbolic, microscopic and 

macroscopic representational levels (Wu & Shah, 2004). 

For the authors, on the macroscopic level phenomena are observable. On the microscopic 

level, phenomena are described by the arrangement and motion of atoms, molecules and 

subatomic particles. On the symbolic level, chemistry is represented by equations, symbols, 

formulas, numbers and structures. The comprehension of these domains demands not only 

student’s conceptual knowledge, but also a somewhat high level of internal visuospatial 

abilities. 

In our case, specifically, understanding cis/trans stereoisomery concepts, for example, 

requires the development of visuospatial skills to a certain level in order to understand the 
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chemistry behind the phenomena (Muscia & Ugliarolo, 2012). These skills involve spatial 

visualization of atoms and molecules in 3D, the perception of space in three dimensions and 

the ability to perform mental rotations in 3D of the molecule. These characteristics are 

historically difficult to be consolidated on the students and, in large part because of this, 

learning cis/trans stereoisomery is considered very difficult. 

But those are not the only difficulties already detected when learning chemistry. A number of 

studies have been conducted concerning the learning difficulties of students about chemistry 

concepts. Santos and Greca (2005) summarized other difficulties faced by students in their 

path of learning chemistry: 

Many students have difficulty in understanding the representations in 

chemistry. The microscopic and symbolic comprehensions are particularly 

difficult for students because they are invisible and abstract, and students' 

thinking is built on the sensory information. In addition, students do not 

establish appropriate relationships between the macro and microscopic level 

and also many who have conceptual knowledge and ability to visualize, are 

unable to transpose a given chemical representation to another (Santos & 

Greca, 2005, pg.2). 

A promising way to assist students in understanding chemistry in these three levels of 

representation is the use, through various strategies, of concrete models and technological 

tools (Wu, Krajcik, & Soloway, 2001). For the authors, the use of computer simulations can 

provide a dynamic, three-dimensional view of the chemical processes and the interaction 

between atoms and molecules, allowing students to understand and use the microscopic and 

symbolic representations to describe the chemical processes involved. The authors also 

suggest that the use of technological tools in teaching chemistry facilitates the consolidation 

of representational skills, such as translations between different kinds of representation 

transformations between 2D and 3D structures, among others. 

The importance of the use of models in producing, validating and disseminating scientific 

knowledge is already established in the literature (Barnea & Dori, 2000; Ferreira & Justi, 

2008; Maia & Justi, 2009). In this sense, the term modeling can be considered as a process of 

construction and reformulation of models. In other areas of science, particularly in biology, 

modeling has been increasingly used for educational activities (Rodrigues, 2012). 

Chemical modeling is all-encompassing. This modeling includes different and diverse 

methodologies, including molecular modeling (MM). In this work we use the MM 

characterizing it as “the part of chemistry which deals with the investigation of structures and 

molecular properties using the computational chemistry techniques and Graphic view in order 

to provide a three-dimensional representation plausible under a given set of circumstances” 

(Iupac, 1997) 

MM is widely used by theoretical chemists and the chemical industry in diverse areas. In 

education, there was a milder dissemination of MM in comparison to theoretical or 

professional chemistry. The reason behind it, in the viewpoint of some research, are usually 

attributed to the difficulties of teachers in the use of softwares and the excess of students in 

the classrooms and contents winning, among others (Aksela & Lundell, 2008). 

The MM software, in addition to fulfilling an important role in predicting the behavior of 

chemical systems - and, for that reason, are widely used in the chemical industry - are 

characterized as external processing tools to the brain. When used in education, these 

softwares help in molecular visualization and contain algorithms without whom it would be 

impossible to approach the specific contents that involve more complex calculations (Raupp, 
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Serrano, Martins, & Souza, 2010). Moreover, they provide students to develop thinking skills 

higher order (Kaberman & Dori, 2007). 

Chemistry, seen as an essentially visual science, requires that the perception of the behavior 

of atomic and molecular particles depend upon the memory, imagination and mental 

processing of visual information (Habraken, 1996). Visual representations are used since the 

early days of alchemy, to express concepts and chemical procedures. The development of this 

variety of representations makes the chemical a good example of how science can use images 

as a means of conveying subtle information that often are difficult to express in words (Jones, 

Jordan, & Stillings, 2001). 

This paper describes the results of an exploratory experiment in computational chemistry 

and, molecular modeling. Six Chemistry students of high school level were used as sample 

and participated in all stages of the research that will be described moreover. The objective is 

to use molecular modeling software as an external information processing mechanism so that 

the student can internalize the contents of simulation, chemical representations and acquire 

new knowledge. With is objective in mind, we seek to identify what are the necessary 

knowledge to predict the chemical behavior of the molecules studied and also to model the 

molecules. 

 

THEORETICAL FRAMEWORK 

This paper is based on the Cognitive Mediation Networks Theory – CMNT (Souza, Silva, 

Silva, Roazzi, & Silva, 2012), which seeks to explain the processing of information by the 

brain, providing a wide approach to human cognition. The authors assume that cognition is a 

result of information processing. As our brain has limitations, it is unable to process all the 

information we have at our disposal by itself. Therefore, we use the external processing to 

help us daily, since cognition also happens through interaction with the environment, which 

gives an additional processing ability to the cognitive structure. This process has always 

existed, since historical times. 

Souza (2004) explains that the form of mediation - psychophysics, social, cultural and 

hypercultural - defines what types of mechanisms that are involved in the cognitive mediation 

process, as Table 1 below: 

Table 1 

Stages of cognitive development. 

 

Forms of 

Mediation 

External 

Mechanisms 

Internal 

Mechanisms 

Extracerebral Processing 

Psychophysical 
Physical objects and 

the environment 
Sensory Systems Perception 

 

Social Group 

 

Group Interaction Social skills Perception and Memory 

Culture 

Symbolic Systems, 

Practices and 

Artifacts 

Traditional 

Knowledge and/or 

Formal 

Perception, Memory, 

Categorization and learning 

Hyperculture 
Information 

Technology 

Concepts and 

skills in the IT 

domain 

Perception, Memory, 

Categorization and learning, 

Judgment, Elaboration, Making 

Decisions 

Source: (Souza, 2004). 
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Currently, we live in a digital age in which the use of computers and electronic devices with 

internet access is a common action. People of all ages came to be connected daily with their 

cell phones, laptops or tablets. Information circulates rapidly and in abundance by the 

worldwide network of computers - the World Wide Web. This information is available to 

people in a mouse click or in an open application. These devices, especially personal 

computers, have become external mechanisms to process information and make decisions 

independently, changing the characteristics of the mediation procedure. 

In this sense, the emergence of information and communication technologies has caused 

cognitive and cultural impact on society. We live in a digital age, in which there are 

substantial socio-cultural changes generated by the use of information and communication 

technologies, making it an additional step in the cognitive evolution of humanity (Souza, 

2006). Souza et.al. (2012) point out: 

(…) in the Digital Revolution, one is witnessing the emergence of a 

‘‘Hyperculture’’, where the external mediation mechanisms include the 

technology itself and its impacts on culture, while the internal mechanisms 

include the competencies necessary for the effective use of the external 

mechanisms (SOUZA et al., 2012, pg. 4). 

The authors call these internal mechanisms of "drivers", which are characterized as mental 

representations of a physical system. 

 

Drivers: internal mechanisms of information processing 

Drivers are internal mediation mechanisms that make possible the use of external structures - 

extracerebral processing mechanisms - to increase the capacity of information processing by 

the brain. These internal mechanisms, according to the theory, function as computer drivers, 

which make it possible to use external structures to help processing information, and which 

behave as real “internal virtual machines”, enabling new cognitive functionalities and 

constructing new skills, that can last beyond the “connection” to the external mechanism. To 

us, the identification of these drivers indicates learning. According to the authors of CMNT, 

the drivers are built into the cognitive structure in a process similar to the Piagetian 

equilibration process. 

According to CMNT, human cognition has some important elements. The knowing subject, 

which has internal mechanisms of information processing; the knowable object, characterized 

as something to be known; environmental mechanisms that interpose the first two and who 

can provide additional information processing, served as support for the subject better learn 

the attributes of the object by a process called mediation. 

Depending on which situation we need solving, as well as the existing form of mediation, we 

can use different categories of drivers already present in our cognitive structure. Take, for 

instance, a situation where one needs to understand the free fall of a body – in this case the 

use of psychophysical drivers will be certainly required. On the other hand, in an experiment 

involving molecular modeling simulations, as we use here, hyperculturals drivers will be 

acquired or used (if presented in the student’s cognitive structure) to solve a proposed task. 
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RESEARCH QUESTION 

The molecular modeling experiment reported in this study is exploratory. The learning of 

conformational analysis and stereoisomery cis/trans was the object of our investigation. These 

subjects were choosen due to its well-known learning difficulties (Andrade Neto, Raupp, & 

Moreira, 2011). A total of six Chemistry students of high school level were chosen to 

participate the experiment. The purposed experimental design is to use the software as an 

external mechanism of information processing in order for the student to internalize the 

content of the simulation and respond to the challenges of molecular modeling in Chemistry 

teaching more efficiently. 

In this sense, we aim to answer the following research question: what specific “drivers” are 

originated by the molecular visualization or by the molecular modeling? 

Our hypothesis is: the more implicit or internalized the knowledge about two or three-

dimensional molecular representations is, the better is the visuospatial ability and, therefore, 

the better is the aptitude to think in terms of molecular modeling. Hence, there is, in our point 

of view, a learning order in which the internal visualization of molecules is a necessary 

knowledge that must be acquired before the internalization of the capacity to molecular 

modeling  (Andrade Neto, Raupp, & Moreira, 2011). 

 

METHODOLOGICAL FRAMEWORK 

The methodological framework, which involves the design of the experiment and the actual 

data analysis, was based on the work of Monaghan & Clement (1999) and Stephens & 

Clement (2010), who created indicators for the existence of mental images from the 

observation of the behavior of the subjects when they are explaining the reasoning process 

used to solve specific problems.  

The full experimental design included: individual pre-test; individual pre-test interview; 

computational molecular modeling performed in pairs and approaching conformational 

analysis of the n-butane molecule and cis/trans stereochemistry from the analysis of the 

energy involved in the double bonding torsion of cis-2-butene; individual post-test and post 

test individual interview. In this paper, we focused in the conformational analysis. 

The pre and post test interviews were conducted according to the Think Aloud Protocol (Van-

Someren, Barnard, & Sandberg, 1994), and the objective was to identify in the speech or 

gestures of the students, both in the pre-test interview as well as in the post-test, the presence 

of drivers which may be linked to visualization or molecular modeling. All the steps were 

registered in video. The analysis of the videos were done in order to obtain information about 

the mental images from gestures (Clement & Stephens, 2010; Monaghan & Clement, 1999). 

 

PRESENTATION OF RESULTS 

The simulation started with the conformational analysis of n-butane molecule. Each pair of 

students used the software Spartan version 8. In this step, students followed a script to create 

the molecule, optimize their geometry, create parameters for the graphic of the energy versus 

torsion angle, plot the graph and analyze the results of the simulation, which shows a rotation 

of the C2-C3 bond in the axis of 360º pivotally to the respective graph. 

The specific didactic activity has focused on the concepts of molecular modeling, 

conformational analysis and stereochemistry cis/trans. Thus, we chose the concept of energy 
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as the fundamental concept, around which others would be anchored. Therefore, a stable 

molecular structure is to be seen as a global minimum of the molecular energy. Two 

structures are interchangeable when the energy barrier separating them isn’t too high (where 

too high is basically determined by the available environment energy as a means of kT). In 

essence, this is the reason, within the perspective of molecular modeling, why there is a 

alkene isomerism but not an alkane isomerism. 

The produced gestures in the interviews were identified and analyzed according to the 

following categories: Depictive Gestures (DG), the student makes specific gestures that 

indicate movements of objects in space.  Reference to Perception (RP), occurs when the 

student says something clearly imagined, when refers to something implicitly taken as a 

imagined in speech, and (RI) Reports of images, the student makes specific gestures that 

indicate movements of objects in space (Monagham & Clement, 1999). 

The results indicate an increase in events in all categories when comparing the results of the 

pretest interviews with the post-test. This was probably by internalization of concepts used in 

computer simulation. We can assert that there is evidence for a migration of implicit 

knowledge to the explicit one after the computer mediation, because the students begin to 

explicit more of the visualization of molecules. 

Events (RI), in which the student says he is imagining the molecule or the phenomenon, 

increased by 73%. When the student makes explicit the concepts through speaks or gestures, 

he is revealing knowledge that is implicit, and that may have been built from the mediation 

with the computational molecular modeling simulation, because this knowledge was not 

explicit in the pre-test interview. 

The external processing that the computational molecular modeling provides is internalized as 

“drivers” in the students’ cognitive structure; these drivers reinforce the visuospatial abilities 

and allow students to think in terms of molecular modeling. One of the students’ speech in the 

post-test confirms this proposition: “I managed to imagine the same molecule changing, only 

this change also causing differences in the physical characteristics such as polarity and others, 

due to the change of the molecule in the space.” 

Figure 1 shows two distinct gestures: the student demonstrates the rotation of a molecule, but 

imagining this molecule as something rigid (A). After performing the computational activity, 

the same student presents the gesture of the torsion of the molecule (C). With this gesture, he 

indicates that he mentally imagines the molecule as something not rigid, but can suffer torsion 

in terms of an angle, if it is applied with the correct amount of energy. Figures (B) and (D) are 

the corresponding molecular modeling software visualizations. 

  

Strand 4 Digital resources for science teaching and learning

843



(A) Gesture of rigid molecule rotation 

 

(B) Visualization software 

 

(C) Gesture of molecule torsion 

 

(D) Molecular modeling simulation 

 

Figure 1. Different gestures produced by the student "C" during the interview. (A) rotation 

gesture of a rigid molecule; (B)visualization software; (C) twisting gesture of the molecule; 

(D) molecular modeling simulation, with a graph of energy versus torsion angle. 

 

When the student, in the pre-test interview, makes a gesture of rotation of the molecule as a 

whole (A), he is reproducing a visualization driver. This driver may have been built up over 

time, from the mediation with the external environment through books, physical models or 

visualization software of molecules. It is characteristic of psychophysical drivers, which 

involve only the perception. On the other hand, when a student makes a gesture more complex 

in the post-test (B), it is giving indications that built this driver - which is different from the 

previous driver - from mediation with the computational molecular modeling simulation. 

In this gesture, the student joins the fingers of both hands (representing two sides of the same 

molecule). Simultaneously, the student deforms the imaginary bond, moving away both 

hands. This demonstrates that there was the construction of a molecular modeling driver, as 

the simulation showing the variation of molecule energy shows also, at the same time, the 

twist of the double bond (potential energy barrier) and the distance of the bond that was being 

rotated. 

As the double bond twists, the energy of the molecule increased dramatically, as can be seen 

in the graph (Figure 1). The central carbon-carbon distance also increases, as well as the 

sigma bond character to the detriment of the pi bond. The student, with that gesture, 

reproduced spontaneously changes in bond distance shown in the simulation and those drivers 

did not exist in their cognitive structure. 
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FINAL CONSIDERATIONS 

The internal “drivers” exist to mediate his internal processing and the external processing 

shown in the computer. When the student interacts with a 3D rotation in the visualization 

software, he needs to create an internal “driver” to interact with this rotation, which develops 

his visuospatial skill. These "drivers" are such that allow students to mount the molecule and 

mentally perform a 3D rotation of the molecule as a whole.  

For the computational molecular modeling events, the students demonstrate having internal 

“drivers”, in their gestures as well as in their speech, that are different from the “drivers” used 

in the visualization and that improve the aptitude to think in terms of molecular modeling.  

This aptitude for molecular modeling is also dependent on the existence of a dynamic view of 

the transformations. When the student can mentally simulate a 3D rotation of the molecule he 

is using the ability to mentally rotate parts of the molecule, which was acquired in the form of 

representation and driver, using the software. This ability to dynamically visualize the 

behavior of molecules is important for molecular modeling and predicting the behavior of 

systems, explaining the macroscopic phenomena. Likewise, they need to advance the sensory 

thinking, generated by psychophysical drivers, for higher order thinking, fostered by 

hypercultural drivers. 

It is a new language being aggregated, of rotation of part of the molecule (which is no longer 

rigid), of relation of this torsion to the energy through graphic of potential energy versus 

torsion angle, etc. From the microscopic point of view, there are gains in students’ cognition 

from the mediation with the computer – external processing. The cognitive gains are also 

present in the levels symbolic and representation. These gains are visible when students 

appropriate themselves of new ways of representing of the software and can relate them to the 

properties of molecules. From there, the student can begin to realize that there is a relationship 

between the structure of matter, its properties and energy. With the proper guidance, the 

student is able to start building the concept of energy and think in terms of molecular 

modeling, developing thinking skills of high order.   
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Abstract: The context of the study is a European research project finally aiming at 

supporting science teachers to develop abilities for integrating technology into the science 

classroom. Firstly, assignments for lab-activities based on specific contexts and using 

sensors were developed and tested with 94 students from secondary schools and 22 pre-

service science teachers. The purpose of the study was to investigate students’ motivation 

toward using MBL. In order to investigate relationships between students’ perceptions of 

their motivational orientations also displaying dependences on particular MBL-activities, 

two questionnaires for testing students’ motivational orientations were administered to 116 

participants from three different European countries prior and after performing particular 

science tasks. Starting with descriptive analyses of the responses related to motivational 

orientations prior to and after working on the MBL-activities, analyses of variance, a cluster 

analysis and two sets of regression analyses were conducted. Results indicate gender 

differences for the subscales control of learning beliefs and self-efficacy: female students 

report significant lower self-efficacy and control of learning beliefs compared to male 

participants. The context of the particular MBL-activity seems to have an important impact 

on students’ perceptions of value/usefulness, effort/importance, interest/enjoyment as well 

as perceived competence. Furthermore, value/usefulness as well as effort/importance turnout 

to be significant individual predictors of students’ perceived competence. Additionally, the 

motivational measures intrinsic goal orientation, value/usefulness, and effort/importance can 

be used to predict students’ interest/enjoyment for working on the MBL-activity. In 

conclusion, the results of the study provide some empirical evidence that students’ effort for 

completing academic tasks as well as their intrinsic goal orientation have a reasonable 

impact on their perceived competence and interest. Nevertheless, the results also suggest 

that students’ motivational orientations crucially depend on the content of the task and how 

closely it is related to everyday life. 

Keywords: MBL microcomputer based laboratory, motivational orientations, science 

education 

 

THEORETICAL BACKGROUND 

Research on learning, motivation and self-regulation supports the assumption that 

motivational and cognitive factors interact in complex ways to lead learning (Schunk, 2005). 

Motivation, characterized as a student’s willingness or desire to be engaged and commit 

effort to completing a task, seems to be an important component of learning (Wolters, 1998). 

Pintrich and his colleagues (Pintrich et al., 1991) developed the Motivated Strategies for 

Learning Questionnaire (MSLQ), a measure for assessing students’ motivational 

orientations and their use of different learning strategies. The Intrinsic Motivation Inventory 

(IMI) is a multidimensional measurement device intended to assess participants’ subjective 

experience related to intrinsic motivation and self-regulation (McAuley et al., 1989). 
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AIM OF THE STUDY 

The context of this study is a European research project finally aiming at supporting science 

teachers to develop abilities for integrating technology into the science classroom. Firstly, 

assignments for lab-activities based on specific contexts and using sensors were developed 

and tested with students from secondary schools and pre-service science teachers. The 

purpose of the study was to investigate students’ motivation toward using microcomputer-

based laboratory (MBL). Three broad research questions were addressed: 

1. Is there a relationship between students’ perceptions of their motivational 

orientations prior and after performing the MBL-activities? 

2. Do self-reported perceptions of motivational orientations depend on gender and/or 

the particular MBL-activity? 

3. Are students, who evaluate the tasks as useful and put effort for completing them, 

more likely to feel competent and interested?  

 

METHOD 

Participants and Setting 

The participants of the study included 705 secondary school students (390 female; mean age 

= 15.6 years, SD = 2.6) of five European countries and 22 prospective physics teachers (9 

female; mean age = 21.7 years, SD = 3.7) from the University of Vienna. All participants 

were novices in the field of using MBL in science learning and worked on only one 

particular MBL activity within a time period of one and a half hour in Austria. Catalan 

students worked on the activities at schools, most of them lasted 2 to 3 hours. 

 

Data Sources 

The scales and items for assessing students’ motivational orientations were primarily drawn 

from literature (Pintrich et al., 1991; McAuley et al., 1989) and accordingly adapted.  

Table 1 

Scales, sample items and Cronbachs alpha for assessing the motivational orientations of 

students 

Scale Sample Item  

Interest/enjoyment I enjoyed doing the MBL activity very much. .87 

Perceived competence  I was pretty skilled at the MBL activity.  .83 

Effort/importance  I put a lot of effort into this work. .83 

Value/usefullness 
I think this was an important activity to experience how scientists 

work.  .84 

Intrinsic goal orientation  
I prefer course materials that really challenge me so I can learn new 

things. .72 

Extrinsic goal orientation  
Getting a good grade in this class is the most satisfying thing for me 

now.  .66 

Self-efficacy for learning and 

performance  

I am certain I can understand the most difficult material presented in 

the classroom. .75 

Control of learning beliefs  If I try hard I will understand the course material. .61 
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The questionnaire for testing students’ motivation, including intrinsic as well as extrinsic 

goal orientation, control of learning beliefs, and self-efficacy for learning and performance 

(4 items for each scale), was administered before students were first engaged in a specific 

activity.  At the end of each activity, students completed a second questionnaire assessing 

their subjective experience related to perceived competence, interest/enjoyment, 

effort/importance, and value/usefulness (4 items for each scale). Table 1 shows all eight 

scales and sample items for each scale as well as the values for Cronbachs alpha derived 

from the data set described above. Only six out of eight values for Cronbachs alpha are 

satisfying.  

 

Data Analysis 

Responses from the two questionnaires were analyzed with regard to the research questions. 

Starting with descriptive analyses, analyses of variance as well as a cluster analysis related 

to motivational orientations prior to working on the MBL-activities and two sets of 

regression analyses were conducted. All items of the questionnaires were aligned on a Likert 

scale, ranging from 1, “I totally disagree“ to 7, “I totally agree“. 

 

RESULTS 

Correlation analyses show that the motivational orientations of the students are highly 

correlated (see fig. 1). On the other hand they only partially depend on gender as there are 

only differences concerning two scales out from a whole set of eight scales.   

Figure 1. Correlation of motivational orientations 

In detail, females report lower values for self-efficacy (M(females)  = 4.75, SD = 1.13, 

M(males) = 5.13,  SD = 1.00, F(1, 710) = 21.48, p =.000)  and control of learning beliefs 

(M(females)  = 4,92, SD = 1.03, M(males) = 5.29, SD = 1.05, F(1, 710) = 21.87, p =.000).  

 

Figure 2. Motivational orientations related to the six different countries  

Strand 4 Digital resources for science teaching and learning

850



As figure 2 indicates, motivational orientations of the students do not differ very much over 

the countries. Only students from country P6 report significantly higher values for intrinsic 

goal orientation, interest/enjoyment, perceived competence, effort/importance as well as 

value/usefulness compared to all other countries. On the other hand, the motivational 

orientations seem to highly depend on the particular activity the students worked on (see fig. 

3). Activity Ch10 (fire extinguisher) generates the highest student perceptions for 

interest/enjoyment, perceived competence, effort/importance and value/usefulness.  

  

Figure 3. Motivational orientations related to the particular activity  
 

Furthermore, findings from ANOVA reveal a main effect for the particular MBL-activity on 

students’ perceptions of value/usefulness (F (3,114) = 6.48, p < .0001), effort/importance 

(F(3,112) = 2.72, p < .05), interest/enjoyment (F(3,114) = 4.35, p < .05) and perceived 

competence (F(3,113) = 4.00, p < .05). Especially, students experience the chemistry 

activities (Ch7, Ch10, Ch11 and Ch14) more interesting, more useful and more valuable for 

them and they consequently reported higher values for effort, interest, and perceived 

competence compared to the three physics activities (Ph1, Ph6, Ph7). As illustrated in figure 

3, the pendulum activity (Ph1) seems to be least challenging and the cooling process activity 

(Ph7) is appreciated as least interesting. The activity P6 which is related to their own bodies 

seems to stimulate student interest, perceived competence and perception of usefulness 

much more than the other two physics activities.  
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Figure 4. Cluster analysis in relation to the pretest 
 

A cluster analysis (see fig. 4) of the motivational scales on the pre-test shows that the 

participants of the study can be arranged to three groups: 28% (CL 3) report high estimates 

for intrinsic goal orientation and self-efficacy. 33% of the students in CL2 can be described 

as students with no specific preference for intrinsic or extrinsic goal orientation, self-

efficacy for learning and performance and control of learning beliefs. 

  

 

Figure 5. Cluster analysis in relation to the posttest 

 

As shown in figure 5, the most extrinsically motivated participants indicate minimal values 

for all four motivational scales used in the post-test, whereas the most intrinsically 

motivated participants report maximal values for the related motivational orientations.  

 

Furthermore, the first set of regression analyses, where value/usefulness and 

effort/importance were used to predict the perceived competence measures, suggests that 

those two factors together explain 63% of the variance in students’ self-reported perception 

of competence (F (2, 699) = 583.44, p < .0001). Value/usefulness ( = .40, p < .0001) and 

effort/importance ( = .41, p < .0001) are significant individual predictors of students’ 

perceived competence (see fig. 6).    
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Figure 6. Regression analysis – prediction of perceived competence 

 
For the second set of regression analyses, the three motivational measures intrinsic goal 

orientation, value/usefulness and effort/importance were used to predict students’ 

interest/enjoyment for working on the task (F (3, 6952) = 530.81, p < .0001). Intrinsic goal 

orientation ( = .10, p < .001), value/usefulness ( = .71, p < .001), and effort/importance ( 

= .21, p < .001) seem to be significant individual predictors of students’ interest/enjoyment 

for the MBL-activity (see fig. 7).   

 

 

Figure 7. Regression analysis – prediction of interest/enjoyment (R² = .697) 
 

 

CONCLUSIONS AND IMPLICATIONS 

In conclusion, the results of the study provide some empirical evidence that students who 

regulate their effort for completing academic tasks and try to increase their intrinsic goal 

orientation are more likely to gain interest and to feel competent after performing the task. 

Nevertheless, the results also suggest that students’ motivational orientations crucially 

depend on the content of the task and how it is related to everyday life and how relevant and 

useful it seems to be for the student.  

However, there is a clear need for future research to find tasks for raising value and 

usefulness as well as intrinsic goal orientation in science.  
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Abstract: The context of this case study is a European research project aiming at supporting 

high school science teachers to integrate microcomputer based laboratory (MBL) in their 

classrooms. Preliminary research-based teaching materials have been created in a new 

framework of contextualized inquiry-based learning cycle. The materials aim to enhance on 

students the scientific competencies of the design of experiments, of interpretation of results 

and its communication. All new activities aim to allow students work in an autonomous way. 

Moreover, designed activities were refined through a refining process on the basis of multiple 

feedback. In relation to students, one of the aspects took into account in the refining process 

are students’ opinions and perceptions on the activities and student learning outcomes.  

This work aims to answer the research questions: (A) Do students consider that the sequence 

is user friendly so that they can learn in an autonomous way? (B) In the different teaching-

learning sequences, are there any common demands that are considered by students as being 

too difficult? 

865 secondary and high school students who have implemented activities are analysed using 

a post-implementation questionnaire. Evidence has been found that students consider that in 

the new research-based teaching materials, given instructions are clear, although some of 

them needed some teacher’s help at least to consult their suggestions. Our results show that 

students like the practical actions rather than the calculations and more theoretical exercises. 

A high percentage of students consider activities challenging and difficult. Almost half of the 

students think that the most difficulty aspects were aspects in which they had to think. 

Keywords: science education, chemistry education, secondary and high school, 

microcomputer-based laboratory (MBL), inquiry 

 

INTRODUCTION 

The context of this case study is a European research project aiming at supporting high 

school science teachers to integrate MBL in their classrooms. This work is a part of a wider 

research that has the main objective of designing and implementing MBL laboratory 

activities for high school students. It explains the characteristics of designed activities and the 

refining process of created activities and focuses on the results and conclusions of research. 

The research contributes with empirical data about the points of view of students after the 

implementation of the research-based designed activities and results will be used in the 

refining process of activities. 
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RATIONALE 

Microcomputer-based laboratories (MBL, Tinker 1996) enhance the acquisition of scientific 

competencies. Instructions of MBL activities using an inquiry-guided learning cycle have 

shown to be effective in the acquisition of significant learning in chemistry activities (Guitart 

& Tortosa, 2012).  Research concludes that motivational and cognitive factors interact in 

complex ways in learning processes (Schunk, 2005). Moreover, to encourage students 

meaningful learning, learning activities should be in the zone of proximal development 

(Trumper, 2003).  

 

AIM OF THE RESEARCH STUDY 

The objective of this work, as a part of a wider research, is to contribute with empirical data 

about the points of view of students after the implementation of the research-based 

sequences. This work aims to answer the research questions:  

A. Do students consider that the sequence is user friendly so that they can learn in an 

autonomous way? 

B. In the different teaching-learning sequences, are there any common demands that are 

considered by students as being too difficult? 

 

DESIGN OF ACTIVITIES AND REFINING PROCESS 

New materials have been designed and created collaboratively by researchers engaged in the 

project. The materials aim to enhance on students the scientific competencies of the design of 

experiments, of interpretation of results and its communication. Moreover all new activities 

aim to allow students work in an autonomous way, and that the work done by learners is 

challenging enough to acquire significant learning. 

The structure of the activities is composed by five steps: engagement, warming up, 

experiment designing and conducting, drawing final conclusions and communicating the 

results. 

The engagement stage starts with a context situation from which arouse some question that 

students have to answer at the end of the activity. In the part of warming up students have the 

opportunity to familiarize with equipment and to think about the knowledge they have to 

mobilize to find an answer to the problem situation explained in the engagement. The stage of 

designing and conducting experiments involves students in the planning of a set of 

experiments to get evidences to contrast with their hypothesis and in performing the 

experiments after discussion in group and with teacher intervention. Students have to collect 

data and interpret them and draw final conclusions in the phase of drawing conclusions. At 

the end students apply their knowledge and results, and they communicate their proposals to 

answer the initial question. 

Refining teaching materials is an iterative process that has several participants: students, 

teachers, researchers, teacher-training, classroom environment and availability or resources. 

In relation to students it is important to refine the sequence on the basis of both their learning 

outcomes and their opinions on the activities used to support learning. In this sense, it is 

important to take into account students’ opinions and perceptions on their own learning when 

new materials are implemented in order to refine them. 
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In order to get second English versions of the activities the refining process includes 6 steps 

(Figure 1). In this case study the first version in local language were used, so the refining 

process reaches stage 3. Each sequence was revised by at least another researcher. The 

revised new created sequences were translated into local languages before implementations. 

Researchers make changes to improve the first version of activities through steps 4, 5 and 6. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scheme of refining of teaching materials 

 

METHOD 

 

Sample 

865 secondary school students from five European countries answered questionnaires related 

to the performed activities. The distribution per universities, countries and subjects is shown 

in Table 1. In some cases students performed the activities at secondary school (S) and in 

other cases at university (U). 

 

 

 

 

1. First pre-version of the activity. 
Researchers create activities using the new framework designed in the project. 

2. Revision by another researcher. 

Each sequence was revised by at least one researcher (peer review, using a 

questionnaire to evaluate the activity and by having a Skype meeting). 

3. Translation into local languages (Catalan, Czech, German, Finish, Slovak). 

4. Slight changes suggested by teachers before the implementation 
(slightly modified version to improve the activity) 

5. Results of analysis of teachers’ specific questionnaire and feedback from meetings 

with teachers after the implementation. 

6. Results of the analysis of questionnaires of the activities and (pre and post) 
motivation questionnaires. 

First version of the activity in a lingua franca (English). 

First version of the activity in local language. 

Second version of the activities. 
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Table 1 

Sample for the research case study analyzed. S (school), U (university) 

PARTNER COUNTRY PHYSICS CHEMISTRY BIOLOGY TOTAL 

UAB SPAIN 46 S 186 S -- 232 

CU CZECH REP -- 126 U 76 S 202 

UW AUSTRIA 40 S/U -- -- 40 

UB SPAIN 98 S 83 S -- 181 

UH FINLAND -- 168 S/U -- 168 

UMB SLOVAKIA -- 42 U -- 42 

TOTAL  184 605 76 865 

 

Data collection 

Students answered a post-implementation questionnaire on the activity, that includes 19 

items. Four items (items 2, 5, 12 and 13) were chosen to be analysed in this article. These 4 

items are mentioned in this work as questions 1, 2, 3 and 4. Two of them are statements and 

two of them are open questions. 

1. The instructions were clear to me.   

2. I needed my teacher’s help to understand the activity. 

3. Which parts of the activity did you like the most? Why?  

4. Which parts of the activity did you find most difficult? Why?  

In questions 1 and 2 students chose from a four-level Likert scale ranging from: 1 (strongly 

agree) to 4 (strongly disagree). Students could add comments if they wished.  Questions 3 

and 4 were open and data had been analysed by categorizing the open answers.   

Analysis of the collected data 

Data were analyzed in different ways: descriptive analyses, statistical analyses of mean, 

analysis of frequencies and comparative analysis (subject, country, age, gender). Significance 

was determined based on Kurskal-Wallis test or based on Mann-Whitney U test (significant 

level 0,05). 

 

RESULTS 

Results were presented based on the answers of the four analysis questions.  

 

Questions 1 “The instructions were clear to me” and 2 “I needed my 

teacher’s help to understand the activity” 

In question 1, the mean was 1,66, between strongly agree (1) and agree (2).  The frequency 

analysis shows that 44,7 % of students strongly agreed and 45,4 % agreed, so instructions 

were clear for almost all students (90,1 %). 
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In question 2 the mean was 2,32, between agree (2) and disagree (3). The frequency had as 

the highest values, a 49,9 % students agree and 25,9 % of students disagree. Taking into 

account the "agree options" there was 63,8 % of students that answered that they need 

teacher’s help. Putting together results of "disagree options" there was a 36,4 % of students 

that answered that they don’t need help. Frequency results of questions 1 and 2 are shown in 

Figure 2.  

Comparing the mean of the answers to questions 1 and 2 among subjects, there were 

significant differences between biology and physics and between biology and chemistry. In 

biology activities students needed less the teacher’s help. 

 

 

 

 

 

 

 

 

Figure 2. Results of frequencies of questions 1 and 2 

 

Questions 3 “What parts of the activity did you liked the most? Why?” and 

4 “What parts of the activity did you find most difficult? Why?” 

Answers of question 3, “What parts of the activity did you liked the most? Why?”, were 

categorized in three dimensions concerning feeling (positive, neutral, negative), action (make, 

think, others) and type of content (concepts, MBL, sensors, laboratory work, theory). Open 

answer of question 4 was also categorized in action and type of content, as in question 3. 

The dimension feeling in question 3 showed that 47,7 % of students has a positive feeling, 

49,1 %  has a neutral feeling and 3,2 % has negative feeling. The mean of this answers is 

1,56, between positive (1) and neutral (2). There were significant differences between 

subjects. Comparing mean by subjects, results showed that dimension feeling was better in 

physics than in chemistry activities, and also biology activities.   

The dimension action reveals that 66,8 % of students appreciated practical aspects make, 

while 12,9 % liked the action referring to think and 20,3 % other. About a third 35,1 % 

justified their answers and 64,9 % did not justify answers. 

In the category “type of content” 40,3 % of the answers showed that student like the most the 

laboratory work, and 27,8 % liked the most the use of MBL. 

Results of question 3, categorized by feeling and action, as well as percentages of students 

that justified or not justified their answers, are shown in figure 3. 
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Figure 3. Results of frequencies of question 3 

 

The results of frequency of question 4, “What parts of the activity did you find most difficult? 

Why?”, showed that 63,2 % of students had difficulties when performing the activity, 

approximately one third of students find the activities difficult. There were a lot of students 

that didn’t answer which action was more difficult for them, therefore we can presume that 

students perceived the activity as quite easy to perform. 

Results from the analysis of question, following the established categories, were that 35,6 % 

of students had difficulties in action make, 46,4 % in action think and 18,1 % in others.  

The analysis of the category “type of content” in answer 4, arises that 27,1 % of students had 

difficulties in the use of MBL, 18,5 % in laboratory work and 19,7 %  in theory.   

Only 30,7 % of students justified their answers. In the justification of answers there were 

significant differences between subjects. Students justify more in physics, than in chemistry 

and in biology (P 47,1 %, C 28,2 % and  B 8,1 %).  

The comparison with results of question 3 arises that the answer with a higher percentage 

among difficulties (think 46 %) is the same that the aspect which the like less (think 12,9 %) 

in question 3. A not very low percentage, 35,6 % of students had difficulties in the action 

make, but in spite of that a very high percentage (66,8 %)  like this action. 

Figure 4 summarizes the global results of question 4 and Figure 5 compares questions 3 and 4 

from the point of view of what kind of action students like more, and what kind of action is 

more difficult for them. 

 

 

 

 

Figure 4. Results of frequencies of questions 4. 
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Figure 5. Results of dimension “action” in questions 3 and 4. 

 

Subjects per countries 

The comparison of results of answers of questions 1, 3 and 4 in chemistry and biology in 

Czech Republic showed that there were significant differences in the item of instructions 

were clear between subjects (biology 2,68; chemistry 2,05), in chemistry instructions were 

more clear than in biology.  

Also from this comparison in Czech Republic, there are some remarkable but not statistically 

significant observations. In biology activities, students like MBL more (approximately twice) 

than in chemistry. In chemistry, students like laboratory work more (approximately twice) 

than in biology; and in biology students have more difficulties in laboratory work (three times 

more) than in chemistry. 

The comparison of results of answers 3 and 4 in physics and chemistry in Spain showed that 

statistically significant could not be calculated because not enough categories had a high 

enough cell count. In spite of that, there were some remarkable data. Among the total 

percentage of students that like MBL the most (total 20,7 %), there were the double in 

physics than in chemistry. Among the total percentage of students that like laboratory work 

(total 69,2 %), there were the double in chemistry than in physics.  

In this comparison of data in Spain, the percentage of students that answered that the most 

difficult was theory (total 43 %), there were the double in physics than in chemistry. 

Other comparisons (University/School and ages) 

At university the percentage of students that considers that instructions were clear is a little 

bit higher (significant difference) than at school. At university, students like more concepts 

and MBL and at schools they like laboratory work. At school there are more students that 

answered they have more difficulties in theoretical aspects. 

The comparison among students of different ages performing an activity, showed that there 

were no differences per ages in the statement the instructions are clear. 

Neither there were significant differences between ages in the following comparisons. Results 

showed a better feeling among young students (13-14 year old) and a more neutral feeling 

among students 19 years old. There was no negative feeling at any age. It was also observed 

that young students justify less what they like most; young students like more laboratory 
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work; and that there was not much differences among students of different ages in having 

difficulties. 

Summary of principal results 

Table 2 presents a summary of means and significant or not significant differences between 

subjects and university or school performance of the activity. 

 

Table 2 

Means, significant differences (S.D) and no significant differences (N.D)  

 

 Instructions were 
clear 

Need teacher’s help 
activity 

Feeling about 
activity 

Justify difficulties 

 1: totally agree,  2: agree,  3: disagree, 4: totally 
disagree 

1: positive, 2: 
neutral, 3: negative 

 

MEAN 1.66 2.32 1.56 -- 

SUBJECTS S.D 
Chemistry- Bio (CR) 

S.D 
Bio – Physics 

Bio- Chemistry 

S.D. 
Bio- Physics 

Bio-Chemistry 

S.D. 
Physics- Biology 

Chemistry- Biology 

UNIVERSITY/SCHOOL S.D N.D -- N.D 

 

CONCLUSIONS AND IMPLICATIONS 

Regarding questions 1 and 2 it can be stressed that most of the students express that the 

instructions were clear for them (90,1 %) and that most students need teacher’s help to 

understand the activity (63,8 %), but 36,2 % don’t need help. These results could be 

interpreted taking into account the fact that in spite instructions are clear, the role of teacher 

is needed, guiding students through inquiry and helping them in their doubts. 

Regarding questions 3 and 4, we can conclude that in general, students highly appreciated 

performing practical work with sensors during activities (66,8 %) and only a low percentage 

of students express that like more aspects regarding thinking (12,9 %).  The fact is that in the 

implemented chemistry activities, students mention that they like some specific practical 

operations that they are required to do (working with micropipette, mixing colours…). In the 

case of the physics activities, students like using sensors as this is the most mentioned 

activity.  

A high percentage of students (63,2 %) consider activities challenging and difficult and only 

30,7 % of students justified their answers. This fact could be explained by advises from 

teacher. Also the significant differences observed between different subjects could be 

explained by the teacher attitude towards encouraging students to answer or not considering it 

very necessary. 

Almost half of the students think that the most difficult aspects were aspects in which they 

had to think  (46,4 %), like calculating, or answering the questions in the worksheets, and 

35,6 % had difficulties in making action, despite these parts they liked the most. It is 

remarkable that the use of the MBL equipment is not considered to be difficult. 

The proposed answer to the research question A “Do students consider that the sequence is 

user friendly so that they can learn in an autonomous way?” is based on answers to questions 
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1 and 2. Mainly, in general, students consider activities friendly, because the feeling is mostly 

positive or neutral, and they think that instructions are clear. But, they can only work partially 

in an autonomous way, because many of them need teacher’s help. We can also conclude, in 

basis of the results obtained in this work, that there is empirical evidence that for students get 

ready familiarized with using MBL technology.  

The answer to the research question 2 “In the different teaching-learning sequences, are there 

any common demands that are considered by students as being too difficult?” is that a lot of 

student (63,2 %) find difficulties when performing activities. The most common were 

answering questions that required thinking, and also theoretical concepts. 

In summary we conclude that students consider that in the new research-based teaching 

materials, given instructions are clear, although some of them needed some teacher’s help at 

least to consult their suggestions. We also conclude that students mostly had difficulties and 

those are more in thinking and theoretical aspects. This result can be evaluated as positive, 

because arises that designed activities make students think about science concepts. 

We consider these results as useful to refine the activities, although more research is 

recommended. The implications in the refining process are to use the results and conclusions 

of this work in the point 6 of the scheme of refining (questionnaire analysis), and to take them 

into account before writing the second version of activities. 
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Abstract: This case study is a part of problem analysis for design-research. The aim of this 
study is to evaluate the requirements for future teacher training to implement MBL-enhanced 
inquiry effectively. Researchers from five EU countries and six universities have collaborated 
in COMBLAB project. This project aims to design a new, research-based framework for real-
time MBL inquiry activities. The research question guiding this study was: What challenges 
future teachers have with MBL-enhanced inquiry? To answer this research question, 21 
future teachers in Finland and Catalonia (Spain) were studied during their participation in 
MBL instruction. The views of the future teachers were studied during their master’s studies 
in chemistry education. It was found that pre-service teachers had used microcomputer-based 
equipment very little at schools and that they need support with the use of equipment, with 
inquiry and with pedagogical content knowledge. These results suggest that teacher training 
for MBL-enhanced inquiry should focus on future teacher skills with technology and inquiry, 
while science content is not as central. This study agrees with previous research on the need 
for long-term teacher training on technology-enhanced inquiry. However, using of curriculum 
material supporting teachers learning is suggested if short-term programs are used. 

Keywords: science education, chemistry education, pre-service teacher training, 
microcomputer-based laboratory, inquiry 

 

THEORETICAL BACKGROUND 
This study is part of a European project COMBLAB aiming at designing new 
microcomputer-based laboratory (MBL) activities for science education.1 The use of MBL in 
science education can be effective. Together with appropriate pedagogical models, MBL can 
support meaningful learning (e.g. Lavonen et al., 2003; Newton, 2000), the development of 
investigative skills, conceptual change and the ability to reflect, analyze and solve problems 
(McRobbie & Thomas, 2000).  MBL has also a positive effect on students’ skills in scientific 
inquiry (McRobbie & Thomas, 2000; Settlage, 1995) and instead of focusing only on 
collecting data, the MBL activities should provide students opportunities to evaluate and 
interpret the collected data and to present and evaluate the obtained results (Newton 1998). 
Future teachers should obtain required skills for guiding students’ inquiry. Some successful 
elements of training programs aiming at enhancing teachers’ inquiry-related skills have 
included lesson development activities, experiences on scientific inquiry and discussion of 
relevant scientific content knowledge (Capps, Crawford, & Constas, 2012). 

In order for the activities created in the COMBLAB project to be used effectively in science 
education, teachers must be instructed properly. Gerard and colleagues suggest in their 
review study that teacher training courses designed for the implementation of technology-
enhanced science teaching should embed the technology into “tested inquiry oriented 
activities focused on distinct science concepts” (Gerard, Varma, Corliss, & Linn, 2011, p. 
439). Training teachers to use new laboratory equipment and design their own activities 
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should involve practicing the use of laboratory equipment, learning content knowledge 
relevant to the laboratory activities and introduction to different instructional approaches 
(Nivalainen, Asikainen, Sormunen, & Hirvonen, 2010). 

 

AIM OF THE STUDY 
This case study is a problem analysis for design-research. The aim of this case study is to 
evaluate the requirements for future teacher training to implement MBL-enhanced inquiry 
effectively. The MBL inquiry activities developed in the European project are used as 
examples of MBL-enhanced inquiry activities. The research question guiding this study was: 

What challenges future teachers have with MBL-enhanced inquiry? 
To answer this research question, 21 future teachers in Finland and Catalonia (Spain) were 
studied during their participation in MBL instruction. Future teachers challenges with MBL 
and feedback on instruction were collected and analyzed. 

 

METHOD 
Ten pre-service teachers majoring in chemistry education were studied in Finland and eleven 
in Catalonia while they attended MBL instruction as part of their chemistry teacher education 
course. 

 

Structure of the MBL instruction 
In Finland, future teachers MBL instruction consisted of reading assignment and of two 
lessons, each three hours long. The MBL instruction took place on a master’s degree stage 
chemistry education course and the participants were all majoring in chemistry education. 

In the reading assignment, future teachers were asked to read an introductory paper on the use 
of MBL in chemistry education written by Aksela (2011). During the first lessons, general 
aspects of MBL-enhanced inquiry were discussed. During the second lesson, three MBL 
activities designed in the COMBLAB project were tested. Three groups tested one activity 
each. After the lessons, future teachers guided inquiry activities with students visiting at 
university. This exercise was done in pairs or in groups of three future teachers. 

In Catalonia, Future teachers also began the instruction by reading the Aksela’s paper on 
MBL. During next lesson few days later, the future teachers tested one of the MBL activities 
designed in COMBLAB project. This lesson also included discussion on how to obtain MBL 
equipment. Later during the course the Catalonian future teachers tested also another 
COMBLAB activity. 

 

Data collection 
Data on future teachers views was generated using three questionnaires.  After reading the 
paper, future teachers filled Questionnaire 1, where they were asked to describe one 
challenge related to the MBL mentioned in the paper and to suggest a possible solution to 
their challenge. They were also asked if they had used MBL before. 
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After testing the MBL activities in groups, the Finnish future teachers filled out 
Questionnaire 2.  Catalonian future teachers filled the Questionnaire 2 after testing the first 
COMBLAB activity during their course.  

Questionnaire 2 is based on the Curriculum material design heuristics suggested by Davis and 
Krajcik (2005). This questionnaire asked future teachers to evaluate the tested MBL activities 
by answering questions of what kind of support they would need with the activities. 
Categories for support were based on design heuristics, which discuss scientific pedagogical 
content knowledge (PCK), inquiry PCK, and subject-related content knowledge (CK) (Davis 
& Krajcik, 2005). Based on the previous research, Questionnaire 2 also included questions of 
the support required with the technology. 

After testing the activities themselves, the Finnish future teachers guided the tested activities 
for students visiting at university. After this teaching exercise the future teachers filled 
Questionnaire 3, which asked them to describe challenges of using MBL at schools and to 
give feedback of how the MBL instruction should be developed to support future teachers 
learning of how to use MBL. 

The Catalonian future teachers did not test the COMBLAB activities with students but they 
had an opportunity to test second activity later during their chemistry education course. At 
the end of the course, the Catalonian future teachers answered Questionnaire 3 as a part of 
their course exam.  

The questionnaires used in this study can be found from Appendix. 

 

Analysis of the collected data 
Data generated for this study was analyzed using content analysis by two of the authors.  The 
challenges mentioned by the future teachers in their answers to the three questionnaires were 
first translated into English by two of the authors responsible for the data-generation. After 
the translation, the two authors discussed the answers to make sure that the translations were 
understandable. In the case of Questionnaires 1 and 3, the content analysis was grounded on 
the answers of the future teachers. In the analysis of the Questionnaire 2, the content analysis 
was grounded categorization rising from the theory. 

In the analysis of the answers to the Questionnaire 1, the preliminary content analysis of the 
data was executed by one of the authors responsible for the translations. The preliminary 
categorization was created by this author, after which the two authors created the final 
categories and did the final categorization. This final analysis was  discussed by authors until 
agreed upon. 

The Questionnaire 2 was based on the Curriculum design heuristics designed by Davis and 
Krajcik (2005) and additional questions about the use of MBL technology. The answers of 
the future teachers were analyzed to find challenges that were related with curriculum design 
principles suggested by Davis and Krajcik. The categories formed were science PCK, inquiry 
PCK or chemistry CK. 

As the Questionnaire 2 included also technology-related questions, technology-related 
challenges were also one category for analysis. The two authors responsible of the translation 
also analyzed the content of the answers to find challenges mentioned by future teachers. 
These challenges were first divided into categories rising from the content of the answers. 
After this, the categories formed were divided into the main categories discussed above. 
However, based to the answers, categories of Pedagogical knowledge (PK) and Other 
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challenges (OC) were added. The final categorization was discussed by authors until 
consensus was reached. 

The content analysis of the answers to the Questionnaire 3 was grounded on data.  The 
categorization of the challenges was based on the data and discussed by authors. The final 
categorization was created by one of the authors. 

 

RESULTS 
Based on the answers to Questionnaire 1, the MBL use is quite new to future teachers. Five 
of the Finnish pre-service teachers had used MBL at the university. Three had never used 
MBL. One had used MBL in high school as a student and none had used MBL as a teacher. 

 

Challenges perceived before testing the MBL activity 
Before testing the MBL activities, future teachers felt that MBL use is challenging for 
students. The challenges mentioned were related to students’ ability to use the MBL 
equipment and to understand data and graphs. 

The challenges mentioned in Questionnaire 1 can be divided into three groups: technological 
challenges related to the MBL use, inquiry-related challenges and general pedagogical 
challenges related to the MBL use. All the challenges mentioned in the answers to the 
Questionnaire 1 were related to the students’ ability to use MBL or understand the produced 
data. The challenges according to future teachers in answers to Questionnaire 1 are listed in 
Table 1. Pedagogical challenges are not presented in same detail as other categories of 
challenges, as relevant subcategories were not identified. 

 

Table 1 

The Challenges of MBL in Chemistry Education Mentioned by Finnish and Catalonian 
Future Teachers (N = 19). 

Challenge Number of mentions % 

Technological challenges 6 32 

MBL equipment too challenging for the 
students 

6 32 

Inquiry-related challenges 13 68 

Too much focus on graphs 1 5 

Students have difficulties with interpreting and 
discussing data and graphs 

11 58 

Students fail to observe the phenomenon under 
investigation 

1 5 

Pedagogical challenges related to MBL 9 47 
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The suggested solutions were mostly pedagogical in nature. The Catalonian future teachers’ 
solutions were related to the importance of pedagogical approaches, connecting the MBL 
activity to curriculum, school and social context, understanding the possibility of positive and 
negative effects on students’ learning of scientific concepts, and the design of the MBL 
activity. The Finnish pre-service teachers focused on three aspects in their answers: the role 
of the teacher, importance of practicing necessary MBL and graphing skills beforehand and 
the importance of discussion in the classroom. 

 

Challenges and need for support after testing the activity 
Twelve future teachers returned the Questionnaire 2. The categorized results for the support 
required are presented in Table 2. When the challenges mentioned in Questionnaire 1 were 
student-centered, after testing an example inquiry MBL activity, future teachers also 
recognize challenges that are related to their own skills and knowledge.  

Nine of the twelve future teachers felt that they need technological support. They felt that the 
instructions given for the MBL use were lacking (N = 6) and that they needed to understand 
how the MBL equipment works (N = 3). Future teachers also needed information about 
where to obtain the MBL equipment (N = 3). 

Only three future teachers mentioned that they need support with chemistry CK. Two of these 
teachers felt that they need to understand the chemical phenomena better before using the 
activity and one needed support with understanding the real-world connection of the chemical 
phenomenon. 

Four of the teachers needed more information about inquiry CK. They had for example 
troubles with graphs (N = 2) and analyzing data (N = 2). Also support was requested with 
designing the structures of student investigations (N = 1). 

Four teachers also wanted support with inquiry PCK, i.e. in guiding students inquiry (N = 2) 
and altering the inquiry activity for their own needs (N = 1). One future teacher mentioned 
only general need for additional inquiry PCK. 

After the need for technical support, most frequently requested support was support with 
PCK (N = 9). This was mainly related to the need to understand students’ alternative 
conceptions related to the activity in question (N = 7), although other kind of general support 
was also requested (e.g. examples of good and bad answers to the questions) (N = 2). 

Six future teachers required support with PK by requesting instructions on how to motivate 
and engage students to the activity. 

Seven teachers required other support that could not be included into this categorization. 
They required more background information in general (N = 3), clearer instructions for the 
activity (N = 3) and better structure or design for the activity (N = 2). 

 

Table 2 

The Future Teachers’ Needs for Support After Testing MBL Activities (N = 12). 

Challenge Number of mentions % 

Technological support 9 75 

Instructions for MBL use 6 50 
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Knowledge of how the MBL equipment works 3 25 

Support with obtaining MBL equipment 3 25 

Support with chemistry CK 3 25 

Knowledge about the chemistry related to the 
activity needed 

2 17 

Knowledge about the real-world connections 
about the chemical phenomenon needed 

1 8 

Support with inquiry CK 4 33 

Support with graphs 2 17 

Support with analyzing data 2 17 

Examples of conducting inquiry 1 8 

Support with inquiry PCK 4 33 

Support with guiding student inquiry 2 17 

Support with altering the inquiry activity 1 8 

General support with inquiry PCK 1 8 

Support with PCK 7 58 

Support with students’ alternative conceptions 7 58 

Other support with PCK 2 17 

Support with PK 6   50 

Support with engaging and motivating students 6 50 

Other type of support 7 58 

Clearer instructions 3 25 

Better design for activity 2 17 

More background information 3 25 

 

Future teachers views on challenges of MBL and on the implemented 
training 
Answers to the final Questionnaire 3 were collected after future teachers had a chance to test 
implementing the activities with students. Even though ten future teachers returned the final 
questionnaire, only three mentioned any challenges with the use of MBL, even though they 
were asked to especially to mention challenges. All three future teachers mentioning some 
challenges said that the MBL use is difficult for the teachers and two of them said that 
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conducting MBL activities take much time. One future teacher also mentioned that MBL use 
is challenging for students. 

Of the ten future teachers answering the Questionnaire 3, four wished that the implemented 
training period had included conducting more experiments. Other suggestions for 
improvement were offering wider picture of how to use MBL instead of focusing on inquiry 
activities (N = 4), including more chemistry CK in training (N = 2) and giving stronger 
justification of why MBL should be used in chemistry education (N = 1). 

 

CONCLUSIONS AND IMPLICATIONS 
It is suggested that training programs aiming at enhancing teachers’ skills in practical work 
should include discussion on CK (Nivalainen et al. 2010). In this study, only few future 
teachers felt that they needed support with content knowledge, even though they did not get 
any instruction on chemical phenomena during this instruction. However, this result could be 
different if the instruction had not taken place on a master’s degree chemistry education 
course or if the future teachers had not been majoring in chemistry education. 

It is also suggested that training programs focusing on technology-enhanced inquiry should 
use activities that aim at teaching “distinct science concepts” (Gerard et al., 2011, p. 439). 
Not all of the COMBLAB activities focus on teaching science concepts but focus instead on 
enhancing students’ inquiry skills. As future teachers require support with both inquiry CK 
and PCK, it is suggested that at least short-term instructions should focus on general inquiry 
skills and use activities where inquiry process, not the science concepts, are in focus. 

Previous studies have shown that pedagogical strategies are important for the successful use 
of MBL (e.g. Lavonen et al., 2003; Newton, 2000) and learning to implement new activities 
(Nivalainen et al., 2010). Future teachers studied here felt confident with their general 
pedagogical skills. The only form of support required on this area is the support on 
motivating students to do inquiry activities. 

Students’ need of technological support was one of the challenges mentioned in the first 
questionnaire. After testing the MBL activities themselves, future teachers felt also that they 
need support with the technology. Unlike in the case of inquiry, where future teachers were 
able to define need for support related to CK and PCK, the areas of technological support 
were expressed only vaguely. In future research, better description on future teachers’ needs 
for technological support needs to be obtained. One possibility would be using technological-
pedagogical knowledge framework (e.g. Mishra & Koehler, 2006) as tool for designing the 
questions. 

Long-term teacher training programs are needed for supporting both implementing 
technology-enhanced inquiry (Gerard et al., 2011) and enhancing teachers’ skills in inquiry 
(Capps et al., 2012). Use of technology and learning inquiry skills cannot be taught during 
two-week instruction. In Finland, inquiry is now taught on two separate one-semester long 
chemistry teacher courses and MBL use is also a comprehensive part of these courses. This 
allows future teachers to practice inquiry in different contexts and also offers them wider 
view on MBL and different types of MBL equipment, as requested by participant in this 
study. 

However, sometimes only short-term programs are possible (e.g. some in-service teacher 
training programs). In these cases, one possible tool for teachers’ further learning could be 
using Curriculum material design heuristics (Davis & Krajcik, 2006), together with additional 
heuristics for technological skills, to design curriculum material that supports teachers in 
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using MBL-enhanced inquiry activities. Designing this type of material is one of the 
objectives of the COMBLAB project.
                                                            
1 The COMBLAB project is introduced in the ESERA proceedings article Design of 
research-based lab sheets for the acquisition of science competencies using ICT real-time 
experiments.  Do students get the point of what they are doing? 
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APPENDIX 
Questionnaire 1 
Read Maija Aksela's paper Engaging students for meaningful chemistry learning through 
microcomputer-based Laboratory (MBL) inquiry 
(https://helda.helsinki.fi/handle/10138/29524).  

Based on the paper, answer the following questions: 
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 What advantages the use of MBL in schools have? Choose two advantagest that you 
find the most essential. 

 Choose one challenge for the use of MBL in schools presented in the paper. Give 
suggestions on how this challenge should be taken into account 

Answer also the following questions: 

 What did you know of the use of MBL in the schools before reading the article? 

 Have you used BML before during your studies (either in school or in university)? 

 

The recommended length for the assignment is 1 to 2 pages and it will be graded on the scale 
1–3. Grade 3 will be given when: 

 Your answer includes two examples of the advantages of the use of MBL in schools 
given in the paper. The choice of these two advantages should be reasoned. 

 Your answer includes a challenger for the use of MBL in schools and reasons for the 
choice. 

 Your suggested solution to the challenge you chose is reasoned from various points of 
views. 

Your answers to the last two questions aren’t graded. These two questions will be used in our 
research anonymously. More details about the research will be given during the first lecture! 

When reading the article, pay attention to the form of co-operative learning given in the 
article. This will be discussed in detail during the first lecture. 

 

Questionnaire 2 
Based on the experience of testing the COMBLAB activity, please answer the following 
questions. The questions are meant to examine the need of support you have for using the 
activity in your teaching effectively. 

Please, explain your answers! 

1 a What do you think would be the learning objectives of this activity in high school? 

1 b Did the activity work sheetsupport you in using the MBL equipment. If not, what support 
would you need? 

1 c Did you understand why the MBL equipment was used in the activity? If yes, what do 
you think the reason is? 

1 d How does the use of MBL equipment support the students’ learning of chemistry in this 
activity? 

1 e  Did you learn chemistry from this activity? 

1 f Do you think there should be more chemical knowledge written in the worksheet of the 
activity? 

1 g Do you think that in the activity there is enough information of the real-world connections 
of the activity? 
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2 a Do you think that this activity is easy to use with students in a way that makes the 
chemical phenomena to be taught understandable to students?  

2 b What support would you need to use this activity effectively with students to teach 
chemistry in high school? 

3 Do you feel that you understand how this activity supports students learning of chemistry? 

4 Do you think this activity supports you in guiding students with the ideas they may get? If 
not, what support would you need? 

5 a  Does this activity offer enough questions for you to ask from students? 

5 b Does this activity support  you in engaging students with collecting data? If not, what 
support would you need? 

6 a Does this activity support  you in helping students with collecting data? If not, what 
support would you need? 

6 b Does this activity support  you in helping students with analyzing data? If not, what 
support would you need? 

7 Does this activity support you in helping students with designing investigations? If not, 
what support would you need? 

8 Does this activity supports you in helping students to make evidence-based explanations? If 
not, what support would you need? 

9 Does this activity support you in promoting scientific communication between students? If 
not, what support would you need? 

10 a Do you think you would need more support for understanding students possible 
alternative conceptions relevant to this activity? 

10 b Does this activity support you  in guiding students use of MBL? If not, what support 
would you need? 

 

Questionnaire 3 
1) Write a description of how the MBL-related section of the course has affected your ability 
to use MBL in chemistry teaching. Give 1 to 3 suggestions for improving the course. 

2) Write down an evaluation of the COMBLAB activity you tested with students. Tell if you 
believe that you will use it in your teaching and give 1 to 3 suggestions for improvement. List 
also 1 to 3 good aspects of the activity. 
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INTRODUCTION 

 

Strand 5 focuses on the design of teaching and learning materials. A very common 

type of study that falls under this strand involves the collection of empirical research 

data during the implementation of activity sequences in classroom settings, so as to 

evaluate their potential to promote their targeted learning objectives and to identify 

possible ways to further refine them. In addition to empirical studies of this nature, 

this strand also accommodates studies that could be related to a series of other 

relevant issues, such as the intricacies involved in attempts to adopt and transform 

teaching materials so as to meet the constraints of a specific learning environment and 

the identification and documentation of factors that could influence teachers’ 

ownership of teaching innovations. 

This chapter of the e-proceedings brings together 12 papers presented at ESERA 2013 

conference. Most of these papers, report on empirical studies of the classroom 

implementation of specific teaching and learning materials. They elaborate on specific 

examples of how empirical data about students’ learning outcomes as a result of their 

interaction with a specific activity sequence, can be used as a means to guide the 

process of refining that sequence. Most of these studies primarily focus on the 

investigation of the effectiveness of the teaching sequences, whereas some papers also 

undertake comparisons with conventional teaching on the same topic.  
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APPLICATION OF CHEMISTRY MODULES FROM THE 

PARSEL PROJECT: EFFECTIVENESS AND COMPARISON 

WITH TRADITIONAL TEACHING 

 

Georgios Tsaparlis and Anastasia Anastasiou 

University of Ioannina, Department of Chemistry, GR-451 10 Ioannina, Greece 

 

Abtract: We present the results of the application to conditions of real school classroom of 

three modules from the European project PARSEL (Popularity And Relevance of Science 

Education for scientific Literacy). The applications were carried out in three Greek upper 

secondary schools, with a sample of 110 students and in a lower-secondary school with a 

sample of 21 students. All schools are in the area of Epirus. The modules refer to chemistry 

topics and were the following: (1) Salt – the good, the bad and the tasty, (2) The gas we drink 

- Carbon dioxide in carbonated beverages, (3) Brushing up on chemistry (chemistry and 

toothpastes). The evaluation of the applications was carried out by collecting students’ 

opinions, who answered a 20-item semantic differential-scale questionnaire. Statistical 

analysis shows that PARSEL has the capacity for fulfilling its aims, being superior to 

traditional instructional methods, and disposing students favorably with respect to the 

cognitive and the affective domains, its usability, and the instructional methodology 

 

Keywords: scientific literacy, PARSEL project, PARSEL modules, upper secondary 

chemistry education, instructional methodology 

 

THE EUROPEAN  PROJECT  PARSEL 

The European project PARSEL (Popularity And Relevance of Science Education for 

scientific Literacy) is a project which has produced teaching-learning educational materials 

that are available free of charge on the Internet, at: http://www.parsel.uni-kiel.de/cms/. The 

materials have been developed by a consortium involving eight European Universities. 

The aim is to promote scientific literacy and to enhance popularity and relevance of science 

teaching and learning by recognizing learning in four domains – intellectual development, the 

process and nature of science, personal development and social development. The approach is 

intentionally from society to science and attempts to specifically meet student learning needs. 

The uniqueness of the materials is specifically exhibited by: 

 student-centered emphasis on scientific problem solving, encompassing the learning of 

a range of educational and scientific goals; 

 including socio-scientific decision making to relate the science acquired to societal 

needs for responsible citizenship. 

The materials in the form of modules cover a range of student levels (Grade 7 upwards) and 

science subjects, and are available in Englsih as well as in a number of other European 

languages. Each module is sub-divided into three interrelated, but differing learning stages: 

Stage 1: setting the socio-scientific scene; Stage 2: inquiry-based problem solving science 

learning; Stage 3: socio-scientific decision making.  On the other hand, each module is 

structured into five sections: purpose (front page); student activities; teaching guide; 

assessment strategies,  and, where appropriate, teacher notes. 
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More information about PARSEL can be found at the PARSEL website. In addition, a special 

issue of Science Education Interantional has been dedicated to PARSEL (Holbrook, 2008).  

 

RATIONALE  

Scientific Literacy (SL) constitutes one of the main purposes of teaching science to all 

students. The international research project PISA (Programme for International Student 

Assessment) of the Organization for Economic Cooperation and Development (OECD), 

defines SL as  

the ability of a person to use scientific knowledge, to ask questions and make 

conclusions that are based on scientific data, so that to understand the natural world 

that surrounds him/her and to contribute to the taking of decisions about the changes 

that the human activity brings to it (OECD, PISA, 2005).  

A review of the historical and contemporary meanings of SL and its relationship to science 

education reform has been carried out by Deboer (2000).   

Lau (2009) considers the following as core abilities for SL: (1) scientific concepts and their 

applications in real-life contexts, (2) scientific inquiry processes, (3) understanding of the 

nature of science, (4) understanding of the relationships between science, technology, and 

society.  On the other hand, Shen (1975) (cited in Laugksch, 2000, p. 77 – see also Shwartz, 

Ben-Zvi, & Hofstein, 2005, 2006) distinguishes the following three levels of SL: practical or 

functional literacy; civic literacy (or literacy as power); and cultural or ideal literacy 

(Shamos, 1995).  

Practical or functional literacy is the lowest level, and refers to the ability of a person to 

function normally in his/her daily life as a consumer of scientific and technological products, 

such as food, health, and shelter. Civic literacy or literacy as power is connected to the 

capacity of a person to participate wisely in a social discussion relevant to current scientific 

and technical issues that are of interest and crucial for society. Cultural or ideal literacy 

(which is a higher-level, metacognitive capacity) involves appreciation of scientific endeavors 

and perception of science as an intellectual activity.  

 

PURPOSE  

In the present study, we present the results of the application under the naturalistic setting of 

normal school classes of the following three PARSEL modules: 

1.Salt – the good, the bad, and the tasty 

2.The gas we drink - Carbon dioxide in carbonated beverages 

3.Brushing up on chemistry (chemistry and toothpastes) 

Below we present the overall objectives and competencies, the curriculum content, the kind of 

activity, the anticipated time, and prior learning required for each opf the above modules.  

Salt   

Overall objectives/competencies: The students are expected to: 

1. Get to know that salts are a main class of inorganic compounds. 

2. Study the origin of salt. 
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3. See beautiful salt crystals and study crystals, crystal structure, and even grow their own big 

salt crystals. 

4. Find out that melted salt or aqueous salt solutions are electricity conducting materials and 

further be introduced to the concept of ionic bonding. 

5. Study the many uses of salt, and its positive but also negative role in our health. 

 

Curriculum content: Chemistry, geology, health education. 

Competences: Investigative skills, manipulative skills, communication skills. 

Kind of activity: Salt crystals are beautiful, and provide students the chance to study crystals 

and crystal structure. Further, they will grow big salt crystals. Through the study of ionic 

conductivity of melted salt, the concept of ionic bond can be introduced. The many uses of 

salt, and its positive but also negative role in our health are explored. 

Anticipated time: 3 teaching periods at school, plus at home study and project work, plus 

experimental activities at home. 

Prior learning: Salts, solution chemistry. 

 

Carbon Dioxide   

Overall objectives/competencies: The students are expected to: 

1. Get to know that gases dissolve in liquids, and study the dissolution of carbon dioxide in 

water. 

2. Realise that carbonated beverages are under high pressure. 

3. Working in groups, propose and execute a method for determining the amount of 

carbon dioxide that is contained inside a carbonated beverage. 

4. Devise methods for estimating the pressure inside a sealed bottled or canned 

carbonated beverage. 

5. Apply the ideal-gas equation in the estimation of the above pressure. 

6. Consider the experimental errors that enter in various procedures for estimating the 

pressure. 

7. See a demonstration of a “carbon dioxide fountain” and explain it using the knowledge 

gained through the previous investigations. 

 

Competences: Investigative skills, manipulative skills, cooperative-work skills, concept 

understanding, theory development and application, experimental-error analysis, 

communication skills. 

Curriculum content: Chemistry, physics. 

Kind of activity: Group work in the lab (in groups of 3-5) students. 

Anticipated time: 5-6 teaching periods at school, plus pre-activity preparation at home. 

Prior learning: Properties of gases, gas laws, ideal gas law. 

 

Toothpastes 

Overall objectives/competencies: 

1. Connection of chemistry with everyday life and increase students’ interest in chemistry. 

Strand 5 Teaching learning sequences and evidence-based teaching innovations

878



2. Getting to know numerous substances that are ingredients of toothpastes and their role. 

3. Preparation of an elementary toothpaste and comparison with commercial prducts. 

4. Various kinds of toothpastes. 

5. The imoprtance of dental care. 

 

Competences: Investigative skills, group work, evaluation, creative work, manipulative skills, 

communication skills. 

Curriculum content: Chemistry (acids, artificial sweeteners, food colouring and flavouring), 

health education. 

Kind of activity: Through the study of toothpaste, a common, well-known product of daily 

use, we aim to connect chemistry with everyday life, and increase students’ interest in 

chemistry. In addition, through toothpaste, we have the opportunity to refer to a large number 

of chemical substances. A notable feature of the practical activity is its creativity feature; it is 

known that students express a preference for such activities. 

Anticipated time: 4 teaching periods at school, plus pre-activity preparation and experimental 

activities at home. 

Prior learning: Acid-base chemistry, basic organic chemistry.  

For more information about these modules see the PARSEL website. The research questions 

were as follows: 

1. How the PARSEL modules were received by the students? 

2. How the PARSEL teaching approach compares with the usual/traditional teaching 

that the particular students had experienced? 

3. How various dimensions of the PARSEL model (cognitive, affective, teaching 

approach, relevance) rate in the eyes of the students? 

 

METHOD 

Sample 

The teaching of the three PARSEL modules was implemented during the 2008-09 school year 

by three science teachers in three upper secondary schools with a sample of 110 senior high 

school students, as well as in one lower secondary school (21 students) The Greek versions of 

the modules were used (http://www.parsel.uni-kiel.de/cms/index.php?id=126/). For each 

module, teaching followed in general the procedure suggested in the Teacher Guide of the 

corresponding module. Table 1 shows the numbers and gender of students for each taught 

module.   

Table 1 

Number and gender of the students for each taught module 

No. Module No. of students Boys Girls 

1 Salt (9
th

 grade) 21 9 12 

2 Salt (10
th

 grade) 57 27 30 

3 Carbon dioxide (10
th

 grade) 35 17 18 

4 Toothpastes (11
th

 grade) 18 10 8 

 Total 131 63 68 
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Method of Assessment – Dimensions of the Teaching Approach 

The assessment of the applications was carried out by having the students answer a 

questionnaire in the form of semantic differential scale. The questionnaire consisted of 20 

questions, and its aim was to elicit students’ opinion about teaching and learning science 

before and after the application of each module.  The questionnaire comes from the 

application of PARSEL modules in Israel.  We used the test-retest method: the questionnaire 

was administered to the students twice, once before the application, and a second time after 

the application. In this way we have a means to compare the normal/traditional teaching 

approach with that of PARSEL.  

Three persons (the two authors plus a graduate student) grouped the 20 questions into 

categories. After comparison of the three groupings, and after extensive discussions among 

ourselves, we arrived at the following four categories dimensions of the PARSEL approach. 

a. Cognitive domain (learning), five questions; example:  “The way I have been taught 

science (before the application) OR I was taught the particular PARSEL module 

is/was easy to understand”. 

b. Affective domain (satisfaction), three questions; example: “The way I have been taught 

science … is/was enjoyable to me”.   

c. Relevance to students’ life, six questions; example: “The way have been taught 

science … prepares/prepared me for my future life”.   

d. Teaching approach, six questions; example: “The way has been taught science … 

encourages/encouraged me to ask questions”.   

 

RESULTS 

Table 2 shows the total numbers of positive, negative and neutral student opinions, before and 

after the application of the PARSEL modules, collectively for all four taught modules. The 

opinions are distributed into the four domains, separately for each taught module. 

 

Table 2 

Total numbers of positive, negative and neutral student opinions, before and after the 

application of the PARSEL modules for all three taught modules collectively 

Domain Students’ opinions 

 Before PARSEL Before PARSEL 

 Positive Negative Neutral Positive Negative Neutral 

Cognitive 68 75 47 123 37 30 

Affective 37 46 31 62 25 27 

Relevance 76 84 68 143 40 45 

Teaching 

methodology 

87 87 54 130 64 34 

Grand total 268 292 200 458 166 136 

 

Findings from Statistical Analysis 

To demonstrate the effectiveness of the application of PΑRSEL modules, we have carried out 

statistical analysis of the distribution of the student opinions by using the statistic χ². Here we 
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restrict our analysis to the sum of the student opinions for all four taught modules. Table 3 

shows the results.  

We observe the very large difference of the values for after the application of the PΑRSEL 

modules in comparison with the case before the application. As seen in all cases, the 

superiority of the positive opinions is overwhelming after the application, while as seen from 

the distributions (Table 2), there is no very large difference between the negative and the 

neutral opinions. 

With regard to the three examined domains, it follows from the statistical data of Table 3 that 

the cognitive domain and the relevance are leading the way, with the the affective domain 

following and teaching methodology being last. At p = 0.05, the values of χ² before the 

application are statistically significant for: all domains. 

 

Table 3 

Values for the χ² statistic for the comparison of the distribution of positive, negative and 

neutral student opinions, before and after the application of the PARSEL modules for all 

three taught modules collectively* 

Domain Values of statistic χ² 

 Before PARSEL After  PARSEL 

Cognitive 127.13  884.67  

Affective 47.33 519.68 

Relevance 125.52 542.5 

Teaching 

methodology 

14.72 361.16 

Grand total 255.56 2180.70 
*Critical values for χ² (d.f. = 2): 5.99 ( p = 0.05);  9.21 (p = 0.01). 

 

CONCLUSIONS AND IMPLICATIONS 

The analysis of the questionnaires before and after the application of the three PARSEL 

modules has demonstrated  that the project can indeed be successful in its set targets, showing 

a clear superiority in comparison with the traditional teaching approach which is followed in 

the educational system of Greece. In addition, the PARSEL model disposed the students 

positively with regard to all examined domains, namely the cognitive, the affective, the 

relevance and the teaching approach. 

Science teachers should be encouraged on the one hand to apply PARSEL modules in their 

own school classes, and on the other hand to get involved in projects and efforts to produce 

educational materials that will be guided by the findings of educational research, so that to 

contribute themselves to connecting research and practice.   
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EXPLICIT, REFLECTIVE TECHNOLOGY EDUCATION 
(EXRETU) – AN INTERVENTION STUDY AT LOWER 

SECONDARY SCHOOL 

Annie Heitzmann¹, Netkey Safi¹ and Karin Guedel¹  
¹ Department of Science Education, School for Secondary Education, 
University of Applied Sciences Northwestern Switzerland 

Abstract: In Western countries often a dearth of women in the technology and 
engineering field can be found. One reason could be that technology is not really 
anchored in the curricula. In Swiss secondary schools technology education currently 
occupies only a marginal position. At the same time students’ everyday life is more 
and more dependent on technical tools and services, but most of them, especially 
girls, show a lack of both knowledge and interest in technical contexts. To meet this 
deficiency, the model of ‘explicit, reflective technology education’ (EXRETU) was 
developed and carried out as a school intervention study in northwestern Switzerland, 
with a control and experimental group design. The ‘EXRETU model’ combines 
principles of modern science teaching such as inquiry-based problem solving and 
socio-scientific approaches with the genuine characters of technical design, craftwork 
and engineering. Furthermore, a special focus on explanations and reflections of the 
problem solving strategies aims to enhance students’ metacognitive awareness. 
Preliminary analysis of qualitative data such as student log books or interviews with 
students and teachers show that the chosen practical approach is useful for the 
development of technical competencies also for students who have learning 
difficulties or a lack of language skills. An improvement in students’ ability to explain 
technical or scientific concepts was found. 
Keywords: technology teaching, technology education, gender gap, conceptions of 
technology 

BACKGROUND AND FRAMEWORK 
In the present curriculum, technology education in Switzerland is not taught as an 
individual subject, instead it is covered within the scope of other subjects (arts, 
technical design, science) and lacks a profile of its own. At the same time, there is a 
clear gender gap as regards interest in technological topics or motivation to pursue a 
technology-based profession. Girls generally show less interest in technology and 
choose less technical careers. In recent years several attempts have been made in 
Switzerland to stimulate students’ interest in technology, such as specific offers of 
technical institutes at universities or industries for girls (cf. Swiss National Programm 
“Swiss Youth Research”). During these activities girls could participate in technical 
production. But these offers outside of school are reaching only a very small part of 
the population. The main question remains: “how to bring technology into schools?” 
One attempt to increase the interest for technology (also for girls) is the model of 
‘explicit, reflective technology education’ (EXRETU) which was developed by an 
interdisciplinary team of science and technical design teachers at the University of 
Applied Sciences in northwestern Switzerland. This model tries to combine principles 
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of modern science teaching such as inquiry based, problem solving activities with the 
rich experience of the teaching of crafts, which in Swiss schools had a long tradition. 

Rationale and Purpose 
The main aim of the EXRETU model is to incorporate technology from everyday 
situations with “real” problems of the professional world into the learning situation. 
Students in the role of an engineering team have to act like engineers and produce a 
prototype of a technical object or tool by designing, constructing and evaluating it. 
Doing so they have to follow different steps such as to explore the technical field, 
then develop specific technical knowledge, competencies and skills, establish an 
action plan along the problem solving cycle, explain and communicate technology. A 
detailed framework was established which on the one hand gives teachers clear 
instructions, but at the same time leaves enough freedom to adapt the lessons to their 
specific teaching situation. Figure 1 shows the compulsory steps in the EXRETU 
intervention.  

Figure 1. The cycle of the intervention study with ‘explicit, reflective technology 
education’.  

This approach is important not only for developing problem solving competencies, 
but also for establishing a connection with technical professions. Theoretically the 
model combines elements of inquiry-based teaching, problem-based learning and 
elements of genuine engineering processes (Bennet, Lubben & Hogarth, 2007; 
Duit & Treagust, 2003; Engstrom, 2006; Hmelo-Silver & Azevedao, 2006).  
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Table 1 
Characteristic features of the EXRETU-model 

Feature Realization Target Competencies 
1. Problem orientation in a
complex field 

Students act as 
‘engineers’ finding 
solutions to real 
problems 

Problem solving in a 
team, having the 
possibility making 
‘own’ experiences 

2. Technical Handling/Using
technology 

Technical problem 
solving with technical 
tools, trying out 

Constructing, 
producing, optimizing 
objects or processes 

3. Focus on Explicity and
Explication  

Talk about Technology, 
Explain technical 
procedures or plans step 
by step 

Disclose 
metacognitive  
strategies by 
communication and 
explication 

4. Focus on reflection and
critical thinking 

Focus on metacognition: 
prompts in discussions 
or log books 

Using metacognitive 
strategies for work 
and learning 

The model of EXRETU can theoretically be carried out with any topic. For the 
scientific investigation it was carried out with three topics: construction of a lamp, 
producing chocolate, constructing an ultra-light vehicle. The implementation of the 
EXRETU model in schools was accompanied by the design of a classical intervention 
study with an experimental and control group design in order to gather quantitative 
and qualitative research data (cf. Fig. 2). 

Figure 2. Experimental and control group design of the intervention study: TE: 
Teacher education; Pre- and Posttest with questionnaire and competence tests; 
Intervention with 30 lessons of EXRETU lessons; Int: Interviews with students and 
teachers; F3: Follow-up questionnaire 

The research was carried out as a wide-ranging educational experiment with 14 
experimental and 14 control classes (N=470) of lower secondary level students in 
northwestern Switzerland using the ‘explicit, reflective technology education’ model 
(cf. Fig. 1).  
1. The interest in technology was investigated with a survey before the intervention.
This quantitative analysis was related to important factors such as gender, self-
efficacy and vocational interests (Bandura, 1997; Krapp, 2002; Krapp & 
Prenzel, 2011; Renninger & Hidi, 2011;  Todt, Drewes & Heils, 1994). 
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2. The students’ conceptions of the term ‘technology’ before and after the intervention
were investigated in two ways. First by a qualitative content analysis of written 
answers to the question what students understand by the term technology in the 
survey. Second the technical competency was measured before and after the 
intervention analyzing the differentiations of the explication concerning a technical 
function (function of a scale) and deducing the differentiation of the students’ 
technical concepts.  
Parallel with implementation of the model in the classroom, teacher training was 
provided. During the intervention students documented their learning process in a log 
book which focuses on explanations and reflections of the problem solving strategies 
used. This activity aims to enhance students’ metacognitive awareness (Pintrich, 
Wolters & Baxters, 2000; Schraw, 2000).  

In this paper the second study dealing with students’ conceptions of technology is 
presented. The following research questions were pursued:  

- What do pupils understand by ‘technology’ and differentiated is students’ 
conception of how a scale functions?  

- Does the used teaching method affect students’ concept of technology? 
- Are there differences in the conceptions and explanations with regard to time of 
testing (pre/posttest), group (experimental and control group), school type (low, 
medium, high academic level), and gender (female/male)? 

METHOD 
Before and after the intervention, students in both experimental and control groups 
were asked to write down what they understood by the term ‘technology’. The semi-
quantitative and qualitative analysis of student definitions of technology was carried 
out according to Mayring (2007) and is based on principles of the theoretical frame of 
Grounded Theory (Strauss & Corbin, 1994) using the software program MAXQDA – 
a computer software tool for text analysis. The data was analyzed according to 
principles of qualitative content analysis by Mayring (2007).  

Categories of conceptions of technology 
The formation of the categories was done both inductively and deductively. Based on 
theoretical definitions of technology (e.g. Ropohl, 2009) and on the basis of student 
answers, the following six categories were established and these represent the main 
aspects of students’ concepts of technology:  
1. Artifact and general system: Students name a concrete artifact and/or a technical
object system to explain the term ‘technology’ 

2. Function and functioning process: Students name the interaction of elements in a
physical or technical system called functioning to explain the term ‘technology’ 

3. Production and process: Students term either the process of production or the
product itself as an important feature of technology to explain the term ‘technology’ 

4. Technical action, skill, strategy: Students name the technical activity or the know-
how (the expertise/skill) or a strategy to explain the term ‘technology’ 
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5. Applications, benefits: Students name benefits and/or applications of technology to
explain the term ‘technology’ 

6. Classification, descriptions: Students give a description to explain the term
‘technology’, circumscribe it and/or relate it to rather general associations. 

Explanation of how a letter scale works 
In this task students had to explain how a letter scale works. How differentiated is the 
conception of the function of a scale? Do students have the simple concept of a black- 
box or do they explain step by step and make relations?  Relying on predefined 
criteria the answers of the students were categorized after the differentiation of the 
concept showing up through the explication into three categories from simple – 
differentiated – highly differentiated.  

RESULTS 
Figure 3 shows the percentage distribution of the six categories of students’ concepts 
of technology that were found in students’ explanations of the term ‘technology’. The 
results show that most student explanations consist of descriptions (e.g. ‘energy is 
needed for technology’) or classifications (e.g. ‘technology is important’) while only a 
few explanations focus on technological production or functional process of 
technology. So students have a rather vague conception of what technology is, that is, 
they describe or circumscribe it with loose associations describing simple 
appreciations. But nevertheless almost 1 in 5 of them associate technology with an 
artifact or a technical object system. It is interesting that more specific explanations 
concerning the function or production processes are not mentioned often. This could 
be explained by a lack of experience in this field. The results show that students do 
not have a clear concept of technology in the form of a scientific definition. Instead, 
most students use rather vague descriptive statements in order to explain what 
technology is. The semi-quantitative and qualitative analysis of student definitions of 
technology show that most student explanations consist of descriptions (e.g. ‘energy 
is needed for technology’) or classifications (e.g. ‘technology is important’) while 
only a few explanations focus on the actual production or functional process of 
technology. Students who explain technology as an artifact or technical object system 
mostly name specific devices (e.g. Ipod, television), which is not surprising in view of 
their prominence in students’ day-to-day lives. 

Figure 3. Percentage distribution of the main categories of student concepts of 
technology 

Strand 5 Teaching learning sequences and evidence-based teaching innovations

887



Table 2 shows a detailed content analysis of the six main categories and the sub-
categories found in students’ explanation of the term ‘technology’. Interesting 
differences between the concepts of boys and girls could be found. Boys significantly 
have more specific conceptions of technical objects or systems and aassociate 
technical activities with action (while girls see more the skills and strategies). The 
girls though significantly connotate with technology useful and helpful aspects.  With 
regard to the category of technical activities, it is interesting that both aspects of 
technology, – the “ doing” (carrying out a concrete technical activity like 
“constructing or fixing something”) and the “knowing how” or “being able to” 
(having the skills, knowledge and strategies to do something) – are mentioned. 
However, it is clear that technical skills and strategies are more prevalent for many 
students, especially the girls, than actual technical activities. 

Table 2.  
Concepts of the term ‘technology’ – categories and gender differences. Significant 
differences between boys and girls are marked with *** (χ2-Test). 

Identified 
Categories 

Sub-categories Girls 
[%] 

Boys 
[%] 

1 Artifacts, Technical 
objects/Technical 
Systems 

1.1 Technical objects/systems general 16.9 13.3 
1.2 specific technical objects/systems*** 41.5 54.3 
1.3 Electronics 10.8 13.3 
1.4 Mechanics 7.7 2.9 
1.5 Electricity, Current, Energy 14.6 14.3 
1.6 Concepts, Theories, Entities*** 8.5 1.9 

2 Function/Functioning 
Processes 

2.1 Simple 39.5 44.2 
2.2 Differentiated 47.4 46.5 
2.3 Complex, abstract 13.2 9.3 

3 Production 3.1 Product orientation 12.5 35.0 
3.2 Process orientation*** 87.5 65.0 

4 Technical actions, 
Skills, Strategies 

4.1 technical actions*** 31.7 48.3 
4.2 Skills, competencies, strategies*** 68.3 51.7 

5 Purpose, Application, 
Benefits 

5.1 Helps, Makes life easier*** 51.3 35.0 
5.2 Uses 27.5 38.8 
5.3 Potential Uses 21.3 26.2 

6 Descriptions, 
Appreciation 

6.1 Descriptions of characteristics without 
values 

52.6 54.9 

6.2 Descriptions of characteristics with values 47.4 45.1 
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Comparing the answers before and after the intervention with EXRETU-Teaching 
(Fig. 4) there is a shift to more differentiated concepts, an increase is especially  
observed in the category of technical actions. Most commonly, students from both 
pre- and posttest show a differentiated performance (Fig. 5). When comparing the 
degree of differentiation between pre- and posttest, it becomes evident that about 13% 
of students in the posttest have a very differentiated conception of how a scale 
functions in contrast to 0.8% students from the pretest. In addition, a change is found 
in the differentiation of the conception across all school types: compared to the pretest 
setting, students show more differentiated explications and conceptions in the posttest 
setting across all school types, however high achieving students show the greatest 
increase. Gender differences were also found: More girls (20%) than boys (9.9%) 
show a very differentiated performance in the posttest setting. In addition, an increase 
in the very differentiated conception is found across all school types. Girls show a 
remarkable increase in very differentiated conceptions from 0% to 20% between pre- 
and posttest compared to the boys who show an increase from 1.6% to 9.9%. 

Figure 4. What is technology? Differences between the concepts of the pre- and 
posttest (experimental group, N= 196).  

Figure 5. Explications – function of a scale. Differentiation in the conceptions 
between the pre- and posttest.   
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DISCUSSION AND IMPLICATION 

The study confirms the problems of other interventional studies regarding the 
difficulty of not controllable factors that arise in normal school settings. However, it 
shows some remarkable results with important implications for school and teaching. 

An examination of these results shows that it is necessary to develop and broaden the 
concepts of technology in school. Technology is omnipresent in different contexts in 
everyday life, but often it is not considered at close range, meaning that no precise 
concepts can be developed. This is therefore an important task for the future teaching 
of science and technology in schools. After the intervention with EXRETU-Teaching 
more specific concepts could be observed and especially technical activities and 
technical actions were pointed out.  
The results confirm the existing gender gap in the field of technology education. 
There are though strong indications that it is not a given fact, but depends on the 
chosen thematic and teaching approach. The identified differences between boys and 
girls indicate where could be fruitful approaches for getting the students being 
interested in technology, e.g. girls in the field of application and benefits, boys with 
specific technical systems.  
The EXRETU technology lessons helped to develop and increase the competencies to 
explain technical functions. The effects were most significant in two sub-groups: the 
girls and the students from the least academic level secondary schools. While the girls 
showed a better performance in the posttest setting concerning the differentiation of a 
general technical concept (function of a scale), the boys did better in the posttest 
dealing with a specific technical concept (repelling magnets). With both groups there 
was found a progress in step-by-step explanation, which might have been caused by 
the special focus of the EXRETU project. It is difficult to identify a specific factor 
that caused the changes in the conceptions found with the explication task (more 
differentiated conceptions in the posttest). It rather seems that it is the combination of 
the characteristic features of explicit, reflective technology teaching (cf. Fig. 1) that 
lead to the improvement of the explications on the base of more elaborated mental 
concepts.  
Generally with this intervention it could be shown that, in spite of being surrounded 
by technology in their everyday lives, Swiss lower secondary students do not have a 
precise, multidimensional concept of technology. Therefore, one of the primary goals 
of education can be identified: to develop a broad concept by confronting the students 
with the manifold aspects of technology. 

Furthermore the analyses gives evidence that students at the lowest academic levels 
benefited the most from the EXRETU technology lessons. This is an important fact, 
because often in these groups children with migration background and poor language 
abilities are found. 

Summarizing the important conclusions the following statements can be made: 
1. The model EXRETU «explicit, reflective technology teaching» proved to be
practicable and useful, independently of the subject approach (science education or 
technical design) 

2. Students have variable, not very specific concepts of technology.
Therefore a confrontation with the manifold aspects of technology, especially 
production and functional processes is important for developing broader concepts 
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3. The intervention of EXRETU led to an increase of technical competencies, this on
all school levels. That means that Problem solving, Inquiry and Practical approaches 
are important on all school levels (especially also on lower academic levels). These 
practical approaches are important for developing more differentiated concepts 
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Abstract: Physics Education research indicates that there is a significant gap between 

the learning obtained by students and what teachers expect. In the usual teaching the 

fundamental concepts of electromagnetic induction are usually quickly analyzed, 

spending most of the time to solve problems in a more or less rote manner. However, 

Physics Education research has shown that the fundamental concepts of the 

electromagnetic induction theory are barely understood by students. This article 

proposes an interactive teaching sequence introducing the topic of electromagnetic 

induction. The sequence has been designed based on contributions from Physics 

Education research. Particular attention is paid to the relationship between experimental 

findings (macroscopic level) and theoretical interpretation (microscopic level). An 

example of the activities that have been designed will also be presented, describing the 

implementation context and the corresponding findings.  

Keywords: electromagnetic induction, teaching sequence, university introductory 

physics. 

 

INTRODUCTION 

One of the greatest challenges in Physics Education revolves around helping students to 

build scientific models that they can use to understand natural phenomena. The 

challenge is particularly serious for scientific areas, and the electromagnetic induction 

(EMI) is a representative example of one of these.  

This work describes the first part of a sequence for teaching electromagnetic induction 

in introductory university physics courses. In this study, we construct the sequence as 

part of the wide-ranging theoretical framework of developmental research (Lijnse 1995, 

Psillos 1998, Savinainen 2004). Our study centres on understanding how we can help 

our students in the task of constructing an explanatory model for EMI phenomena. In 

particular: 

1.- How can we help students to understand the importance of electromagnetic 

induction for technological development of industrial apparatus and everyday life? How 

can we help students to understand the central role that electromagnetic induction theory 

plays in the relationship between electrical currents and magnetic fields? 

2.- How can we help students to understand when electromagnetic induction occurs and 

when it does not? 

3.- How can we help students to understand that the experimental measures obtained at 

a microscopic level are related to a primary explanatory model of electromagnetic 
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induction that includes magnetic fields which vary over time and/or conductors moving 

in stationary magnetic fields? 

BACKGROUND AND MAIN CONTRIBUTION OF RESEARCH 

There are some studies about the teaching of concepts and laws relating to 

electromagnetic induction (Guisasola et al., 2013). Many of them are based on the 

reflections of teachers that highlight certain aspects of how the EMI (Cohen 2005) is 

taught. Chabay and Sherwood (2006) indicate that “Faraday’s law is usually difficult for 

students. Moreover, the integral form involves the concept of flux, which is traditionally 

introduced at the start of the course in the context of Gauss’ law and not mentioned 

again until the introduction of Faraday’s law” (p. 333).  Those works developed at 

University and High School (16-18 years old students) have focused primarily on 

student understanding of the concept of flux and the definition of Faraday's law 

(Venturini & Albert 2002).  

 

This paper adds to previous studies a proposed teaching sequence based on the results 

of educational research rather than on experience and idiosyncrasies of teacher. The 

sequence has been implemented for two years in a general physics course in industrial 

engineering first year. An implementation structure of the research based on evidence is 

used in the teaching sequence. Thus a direct link between the decisions taken to design 

the sequence of the teaching unit and the contributions of research in physics education 

is established. In this paper we present the initial part of the introduction to 

understanding the phenomena of EMI and results obtained in class. We will focus on 

introductory level simple situations such as circuits at rest in a time-variable magnetic 

field, or circuits or conductors moving in a stationary magnetic field. These simple 

activities will allow us to focus on the conceptual and procedural aspects without being 

masked by the mathematical complexity of the problems. In the implementation results, 

we will analyze the understanding level of the students relating the empirical evidence 

with the interpretative level of the explanatory model. 

 

DESIGNING THE TEACHING-LEARNING SEQUENCE (TLS)  

Lijsen and Klaassen (2004) discuss that the design of sequences is a complex process of 

applying the general principles of teaching to a specific context of teaching a particular 

subject. They emphasize that it is not a linear process but a cyclical process with the 

goal of producing knowledge about teaching and learning, and relevant to the 

implementation of the sequence in class. This can be understood as the design of 

teaching sequences is not a mechanical process of transferring general pedagogical 

principles and research findings to the teaching of specific topics. On the other hand, 

designing learning sequences is a creative process that takes into account not only the 

results but also the culture of the classroom and the circumstances of teachers and 

students. 

 

From a social-constructivist point of view (Leach & Scott 2003) it is considered that the 

teaching and learning of science is a process of acquiring knowledge through 

familiarization of scientific works’ own skills. Below we will describe in detail how to 

use this constructivist perspective to interpret the results and contributions of research in 

the design and evaluation of teaching sequences. To illustrate the steps in the design, we 
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will use as example the sequence we made to introduce the interpretative model of EMI 

phenomena. 

 

Designing research-based sequences takes into account three types of research 

recommendations: a) interests, attitudes and values of students and curriculum 

standards; b) results of empirical studies on conceptions and reasoning of students; c ) 

contributions on how to learn and teach science . Although research shows that aspects 

related to emotions and values are clearly related to the cognitive process when students 

are working on their activities in science class (Zembylas 2005), this recommendation is 

often neglected in the design of sequences. To work with activities that relate science, 

technology, society and environment means supporting a socially contextualized 

presentation of science that stimulates student interest in the study of the discipline and 

in getting involved in solving class assignments (Simpson & Oliver 1990). The second 

type of contributions refers to the analysis of conceptions of students including not only 

conceptual but also epistemological and ontological aspects. Therefore this second type 

of contribution is related to contributions on the Nature of Science. The third type of 

contributions includes the relationship of the school curriculum and the current 

theoretical framework of physics, it is important to emphasize that taking into account 

the theoretical framework of physics includes the historical development of the subject 

taught, the difficulties that occurred in its development and the arguments used for 

defining new concepts and theories. Working from this epistemological analysis we can 

define the learning objectives well justified. In other words, it is possible to justify the 

objectives chosen based on epistemological evidence of the discipline. In conclusion, all 

the above is indicated in Table 1. 

 

Table 1 

The use of research evidence to design a teaching sequence (Guisasola et al. 2012.) 

  

Interest,  attitudes, values 

and standards 

S-T-S-E aspects 

Epistemological analysis of 

the contents of the school 

curriculum 

Learning indicators 

Students’ ideas and reasoning 

Learning difficulties 

 

Learning goals 

Set out specific problems and aims in a sequence 

Interactive learning environment 

Teaching strategies 

 

According to the inputs of Table 1, we have designed some learning objectives that are 

expressed through what we want students to learn and the possible learning difficulties 

which are shown in Table 2. By linking indicators with learning difficulties we aim to 

become aware of cognitive demand that involve the learning objectives of the 

curriculum. The type of activities and the amount will depend on the high or low 

cognitive demand of the competences want to teach. 
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Table 2 

Learning indicators and students difficulties.  

 

Skills related curriculum 

Learning indicators Students dificulties 

i1) To understand the interest of the study 

of the subject and its applications 

Missing relationship between curriculum 

content and STSE aspects  

i2) To become familiar with the 

experimental phenomena of 

electromagnetic induction. 

i.2.1) To find out about electromagnetic 

induction phenomena in loops and 

solenoids crossed by variable magnetic 

fields. 

i.2.2)  To find out about electromagnetic 

induction phenomena in circuits that 

move within a stationary magnetic field. 

i.2.3) To know induction phenomena 

combining the two previous situations.  

Lack of familiarization with the scientific 

methodology in the lab (compiling data, 

handling equipment, analysing results) 

Difficulties to distinguish between the 

empirical level (use of multi-meters and 

measurements) and the interpreting level 

that uses concepts such as magnetic and 

electrical fields that vary over time, 

Lorentz Force, magnetic flux and 

electromotive force. 

Attributing EMI to the presence of 

magnetic field.  

No used to work in group.  

i.3.1.) To use field model correctly 

(Faraday’ law) 

i.3.2) To use force model correctly 

(Lorentz’ s force law)  
 

 

Interpreting simple induction phenomena 

only at field level 

Attributing EMI to the presence of 

magnetic field 

Applying Faraday’s for motional emf, 

students confuse the area of integral with 

the area of circuit 

Students tend to use a model of field 

more frequently than a model of force for 

explaining EMI phenomena.    

 

The analysis of the objectives and difficulties leads to design activities as bridges that exceed 

the cognitive demand. In this paper we specify the sequence for indicators 1 and 2. This 

sequence is summarized in Table 3. 
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Table 3 

Teaching-learning sequence.  

Driving Problem Learning Goal Scaffolding strategy Implementation 

Why is the EMI 

interesting? Do you 

think this 

phenomenon is 

present in your 

everyday life? 

1.- Understanding 

the point of 

studying EMI and 

its applications. 

Motivating the need 

to find out about 

EMI to understand 

how everyday 

appliances work. 

A.1 and A.2 allow 

students to explore 

the relationship 

between 

technological 

applications and 

EMI phenomena. 

What causes EMI? 

When does an EMI 

phenomenon occur 

and when does it 

not? 

2.- Become familiar 

with EMI 

phenomena and 

construct a primary 

explanatory model 

Give the students 

opportunities to 

observe 

phenomena, make 

hypotheses and 

analyse results. 

A.3 Students 

explore the 

characteristics of 

EMI phenomena. 

A.4 Students relate 

the EMI 

experiments to 

theoretical 

explanations. They 

explore the role of 

different physical 

magnitudes such as 

magnetic field, 

current, etc. 

A.5 Students 

interpret EMI 

characteristics on 

the current/time 

graph. 

A.6 Students 

construct an 

explanatory model 

of when EMI 

occurs. They 

contrast their 

hypothetical model 

against 

experimental 

results. 

A.7. Analysis of a 

wind-powered 

generator. 
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IMPLEMENTATION OF SEQUENCE 

The research described was carried out at the University of the Basque Country over a 2 

year period. All first-year Engineering students (43 students in 09/10 and 61 students in 

10/11) had previously completed two years of physics at high school.  

Students receive 3.5 hours of lectures and 2 hours in the lab per week. The lectures were 

given by experienced teachers from the Physics Department. EMI and Faraday’s law are 

taught for 2 or 3 weeks of this course.  

Two types of data were collected: a) pre and post written evaluation questionnaires; b) 

videotaping of student group carrying out some classroom activities. The aim was to 

obtain information on student reasoning trends in relation to the learning goals set in the 

sequence. Videos were collected on the discussions and solutions proposed by student 

groups when solving some tasks in the sequence. 

DATA AND FINDINGS 

This study shows the four questions matched up with learning goals 1 and 2. The goal 

of the pre-post test design was to study the control group students' improvement in 

significant learning regarding EMI before and after implementing the didactic sequence 

we presented. The used Hake's g index (Hake 1998) shows that the gain in 

comprehension is significant if this index is equal to or greater than 0.1. 

Table 4 

 Hake's gain for each item in each year. 

 

Item 

 First year (N=41) Second year (N=63) 

Description Pre (% 

correct) 

Post (% 

correct) 

g 

index 

Pre (% 

correct) 

Post (% 

correct) 

g 

index 

1 EMI simple 

explanation 

17.5 61.0 0.53 9.5 67.5 0.64 

2 EMI in the 

everyday life 

0.5 12.5 0.12 2.5 21.0 0.19 

3 Is there EMI 

when B is 

stationary and 

the conductor is 

standing? 

30.5 59.0 0.40 33.0 63.0 0.45 

4 Is there EMI 

when a 

conductor moves 

in a stationary 

B? 

2.0 37.0 0.35 0.0 28.0 0.28 
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DISSCUSION AND CONCLUSION 

We have found that the majority of students abandon reasoning based on intuition when 

making hypotheses and interpreting experimental electromagnetic induction situations. 

In addition, students are capable of taking an interest in electromagnetic induction due 

to its technological applications both in everyday life and in industry (wind powered 

generator, induction hobs, etc.) 

We found that the majority of students overcome the alternative conception of 

attributing induction to the magnetic field. However, in some matters (item 4) only a 

minority of students demonstrate adequate comprehension. This seems to indicate that 

the TLS example provided in this work is not sufficient to support the construction a 

solid comprehension of electromagnetic phenomena.  

The greater implication of our work that we would like to discuss is the importance and 

feasibility of focusing instruction on mechanisms that relate experimental facts to the 

theory's concepts and laws. These reasoning mechanisms are an important component 

of the scientific argument (Duschl and Jiménez Aleixandre, 2012). Therefore, it seems 

that there is no reason not to focus instruction on the mechanisms that produce and 

predict electromagnetic induction.  
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A THREE-YEARS TEACHING ASTRONOMY 
EXPERIENCE ACROSS GRADES 6-8 

 
Sabrina Rossi and Enrica Giordano 

University of Milan-Bicocca, Physics Department, Milan, Italy 
 
Abstract: In recent years, we designed and tested a longitudinal teaching sequence for 
middle school students (11-14 years old) in a class of the Cipro-Ascoli Institute in 
Milan (Italy). Our research aimed to promote students’ cognitive and metacognitive 
development about few physics and astronomy core ideas through a longitudinal three 
years long pathway. In this paper, we present the context’s characteristics, the 
methods used to design the teaching proposal, some examples of collected data about 
students’ knowledge development and a possible criterium to organize and analyse 
the huge amount of data. Our analysis reveals an emerging result: students’ growing 
mastery of scientific practices and increasing ability in performing scientific 
investigations. This perspective was inspired by key results of K-12 science education 
framework (National Research Council, 2012): core ideas; scientific practices; 
learning progressions. 

Keywords: teaching/learning astronomy, longitudinal studies, scientific 
practices 

 

INTRODUCTION 
During the last decades, the science education community recognized the problem to 
overcome the fragmentation of educational intervention introducing a coherent 
science teaching on a few core ideas and crosscutting concepts. Furthermore, the 
community claimed that students need to have opportunities to develop increasingly 
and meaningfully understanding of such ideas and concepts over years rather than 
weeks or months and to be directly and actively involved in scientific practices since 
the beginning of the school (National Research Council[NRC], 2012). In this 
scenario, researches on long-term teaching experiences are highly recommended in 
order to deepen what students could learn about science and its practices across K-12 
grades and to inform learning pathways, progressions and trajectories (Duschl, Maeng 
& Sezen, 2011).   

The Italian school context is particularly favorable for this type of long-term research 
because the same science teacher is in charge along the five years of primary school 
(students 6-10 years old), along the three years of middle school (students 11-14 years 
old) and along 2-5 years of secondary school (students between 15 and 19 years old). 
Since many years, we are designing and testing longitudinal proposals for a coherent 
physics teaching in terms of framing ideas and practices (Balzano et al., 2005; Levrini 
et al. 2008; Giordano, Onida & Rossi, 2009).  
In this paper we present a three years teaching experience that we made with a middle 
school class of the Cipro-Ascoli Institut in Milan, Italy. The research was designed to 
develop and test a longitudinal teaching pathway for the italian middle school  (grades 
6-8) with the aim of constructing students knowledge about few core physics ideas 
(passing from the local reference frame in observing and interpreting the basic  
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astronomical phenomena to the global geocentric perspective to the heliocentric 
reference frame). The proposal has been gradually developed taking into account the 
actual response of the students on the cognitive and metacognitive plan.  
Here, we present an analysis of our experience that reveals an emerging result: 
students’ growing mastery of scientific practices (NRC, 2012) and increasing ability 
in performing scientific investigations. 

In the present paper, we first describe the context’s characteristics, the methods used 
to design the teaching proposal and the criteria adopted to analyse the data. Then, the 
results of our analysis are presented and finally discussed in the K-12 science 
education framework.  

 

METHODS 
The setting and its particularities 

Our proposal sought to challenge middle school students in constructing explanation 
of basic astronomical phenomena (lunar phases, seasons and stellar spectra) starting 
from what they could directly observe. The proposal was designed taking into account 
multiple aspects: students’ prior knowledge, needs and reactions; the teacher’s 
teaching style; the known difficulties in understanding basic astronomical 
phenomena; how people learn science; how astronomical and astrophysical 
knowledge are constructed. 
We implemented the proposal in a middle school class of the Cipro-Ascoli Institute in 
Milan (Italy), working together with the teacher in charge of teaching math and 
sciences for 3 years to the same students. Since many years, she has been involved in 
national research program to promote science teaching innovation and she is familiar 
with the methods of action research. During the first two years, one of the university 
researchers actively participated to all weekly science lessons while in the last year 
she was in contact with the teacher and her students through the web. The proposal’s 
testing and revising process was informed by the on-going analysis of students’ 
responses all along the three years. 

The learning environment was designed to be rich and interactive and to offer 
opportunities to engage students in a real astronomical knowledge construction 
process. We introduced multiple tools to collect data about the astronomical 
phenomena: naked eyes, gnomon, cylinder observatory (Giordano & Rossi, 2013), 
parallel globe (Rossi, Giordano & Lanciano, 2011), multispectral glasses, homemade 
spectroscopies and web resources.  We also introduced multi-representation forms to 
describe and report data: drawings, graphs, gestures and body movements, physical 
models and diagrams. We constantly stimulated the students to ask questions and to 
search for their own answers using phenomenological knowledge. Finally, we 
supported them to give phenomena explanation using kinaesthetic activities and 
physical models.  
We paid particular attention to the students’ prior knowledge, exploring their ideas 
about the phenomenon before the active investigation. To this aim, we asked them to 
express their ideas using different representation forms. Furthermore, we proposed the 
actively participation in a public event of science communication (Science Under 18). 
That opportunity facilitated and gave meaning to the knowledge systematization 
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process.  
The experience began at the first year of the middle school (6th grade, students 11 
years old) and lasted until its end (8th grade, 14 years old). Students coming from 
different countries took part in the experience. Although some changes happened 
during the three years, the classroom’s composition remained almost the same along 
the whole experience (20 students, half female and half male). 

Data collection and analysis 
A total of 32 interventions were developed over the three years, in a weekly two-
hours class. During all activities an audio recorder was turned on and a digital camera 
was used to photograph drawings, body expressions and physical models. This means 
that along the experience we collected 64 hours of audio recordings and a large 
amount of photos. We made simple transcriptions of recorded talks annotating only 
basic information about, for example, overlapping speech. A detailed transcription 
and a fine grain analysis were till now impossible for such amount of conversations. 

The collected data were first used to identify a pathway along the three years and to 
propose a way of teaching basic astronomical phenomena (Catalani, Giordano & 
Rossi, 2008; Catalani, Giordano, Mautone & Miotto, 2009). Recently, a new 
paradigm and a theoretical framework for K-12 science education were suggested by 
the international science education community (NRC, 2012). Since we recognized the 
richness and the potentiality of our research in terms of “learning pathways, 
progressions and trajectories” (Duschl et al., 2011, p.124), we analysed the entire 
experience inside this framework. We have to stress that the analysis was focused on 
the class as a whole more than on individuals. 

The main steps of the analysis are summarized in the following list: 
- We first organized the data, intervention by intervention, to identify the activities’ 

timetable (APPENDIX A). 
- For each activity we selected few pictures, segments of transcriptions, drawings 

and notes from students’ reports and we prepared a panel (an example of the 
adopted visual organization is presented in APPENDIX B). 

- The entire knowledge construction process is represented by a series of 12 panels 
(visible at the website https://sites.google.com/site/astronomyteaching68grades/). 

- Since different lenses can be used to look at the entire pathway, we selected to 
focus on scientific practices as defined in NRC 2012.  

- We analysed data looking for evidences of increasing ability in performing 
scientific investigations along the pathway. 

Here, we present the evolution in the mastery of two scientific practices: planning and 
carrying out investigations and analysing and interpreting data. 

 

ANALYSIS AND RESULTS 

Planning and carrying out investigations  
Students were engaged in carrying out investigations since the very beginning of their 
astronomy learning. In the first intervention, indeed, they were invited to the 
Botanical Garden of Milan University to observe the Moon by a binocular and a 
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telescope. Along the evening, they were also guided to look at the Moon by naked eye 
and to take note of their own observations (Figure 1). 
 

 

Since then, systematic observation of astronomical phenomena became the basis of 
the students’ learning process. They experienced the process of constructing 
phenomenological knowledge about lunar phases and seasons by long-time data 
collection. In doing that, students became familiar to use several instruments and to 
manage both qualitative and quantitative data (Figure 2). 

 

 
 

 
 

 
 

 
 
 

 
 
 

In particular, they used a gnomon, a theodolite and a homemade cylindrical 
observatory (a fixed cylindrical net placed in an open space at school) to collect data 
about the daily Sun pathway and its variations (Figure 3).  
They also used the Parallel Globe, a globe oriented in a homothetic way respect to 
Earth and placed under the Sun (Rossi, Giordano & Lanciano, 2011), to observe daily 
and annual variations of the Earth illumination in real time and from the place where 

	  Figure 1. First students’ data about the Moon. Examples of data collected by 
students along the evening at the Botanical Garden: Moon shape and its surface 
detailes observed by naked-eye (on the left) and Moon position above the local 
horizon in different moments (on the right).	  

Figure 2. Data collection. Excerpts of students’ reports showing the data 
collected about the Moon (on the left) and the Sun position along the day (on the 
right). They show, respectively, a systematic collection of qualitative and 
quantitative data performed by students along the pathway. 
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they live (Figure 4). It is worth of notice that, along the three years, students became 
able to make measures without any adults’ support (Figure 5). 

 

Figure 3. Tools used by students to collect data about Sun path. Students used a 
theodolite (on the left), a gnomon (in the center) and a cylindrical observatory 
(on the right) to collect data about the annual variations of the daily Sun path. 

 

Figure 5. Measure of Sun position above the local horizon. Students discussing 
about the best way to measure the Sun position (on the left) and measuring the 
Sun altitude corresponding to the data registered using the cylindrical 
observatory (on the right).   

 

Figure 4. The tool used by students to collect data about the Earth illumination. 
Students used the Parallel Globe (Rossi, Giordano & Lanciano, 2011) to observe 
the Earth illumination in real time and from the place they lived. 
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Along the third year, they were introduced and became familiar with exploration of 
the light from the Sun and other light sources using prisms, diffraction gratings and 
filters (Figure 6).  

It is interesting to note that the light sources’ investigation was designed to take into 
account the questions posed by students themselves at the beginning of the scholar 
year: 

What is a star? 
Are all the stars the same?   
Which are the differences between the Sun and the planets? 
How long a star can live on average?  
How does a star born? 
If a star explodes, where do the pieces go? 
How is the Sun done inside? How do I know it? 

 
As one can see, they were focused on the same topic (stellar evolution) and opened 
the discussion on how scientists get information about far celestial objects. 

Analysing and interpreting data  
Along the three years, students became familiar to analyze data and to search for 
variables involved in the phenomenon. For example, they easily individuate the 
variables characterizing the Moon starting from their observations: 

 

Figure 6. Systematic data collection about light sources spectra. Examples of 
spectra collected by students using multispectral glasses:  a lighter, a streetlight, a 
candle and a slide projector with a blue filter.  
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Comparing the spectra, instead, students recognized that they can be primarly defined 
by the form (continuum or with bands) and secondly by the spectrum amplitude 
(Figure 7). Unfortunately the spectrum quality was not so high to deepen the idea of 
spectral lines.  

Students became familiar also to represent the variables characterizing the 
investigated phenomena in different representation forms. For example, they used 
images of the Moon downloaded by Earth and Moon viewer web page to represent the 
lunar cycle; Cartesian diagrams to represent the annual variations of the local Sun 
pathway; drawings and graphs to represent the Earth global illumination and the Sun 
route at different latitudes (Figure 8). 

Working with data and representations, finally, students became able to interpret: the 
lunar phases; the observed variations of the local Sun pathway, both in a geocentric 
and a heliocentric reference frame; the changes in day length across the Earth’s surface 
and along the year.  Students’ notes reported the following descriptions: 

About the lunar phases: 
- The Moon shape is different every day of a cycle 
- The lunar cycle lasts around 30 days 
- The waxing Moon follows the Sun, the waning Moon precedes the Sun 
- The bright area ends on a diameter 
About the local Sun path’s variations: 

Teacher: beside the form, is there something else 
that you observed? What? 
Sarah: the brightness 
Jared: the size 
The craters says Isabel 
Valery: the orientation of the enlightened part 
Sarah: the movement that… 
Teacher: therefore, how the Moon moves in a day 
 

Figure 7. Students’ classification of collected spectra. Students classified the data 
in two groups: continuumm spectra (on the left) and band spectra (on the right). 
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- The Sun does not rise and set always in the same points 
- From September to December the sunrise and the sunset points moves 
toward South-East and South-West respectively 

- From March to June the sunrise and sunset points moves toward North-
East and to North-West respectively 

- The Sun always culminates in the South, but at different altitudes 

About the Solstice of June: 
- In the Northern Hemisphere the light hours range from 12 to 24, in the 

Southern Hemisphere from 12 to 0 
- In the North Pole, the day will last 24 hours. At this time of the year the 

South Pole does not see the Sun 
- In Milan, the day lasts 14 hours and the Sun height is higher than at the 

North Pole 
- Across the equator the day lasts 12 hours 

 

DISCUSSION AND CONCLUSIONS 

We designed the teaching experience to develop and test a longitudinal astronomy 
teaching pathway for the italian middle school  (grades 6-8). Our research aimed to 
promote students’ cognitive and metacognitive development about few core physics 
ideas through a longitudinal pathway three years long. Here, we have presented an 
analysis of our experience in terms of emerging students’ growing mastery of 
scientific practices (NRC, 2012) and increasing ability in performing scientific 
investigations. 

Impossibile visualizzare l'immagine. La memoria del computer potrebbe essere insufficiente per aprire 
l'immagine oppure l'immagine potrebbe essere danneggiata. Riavviare il computer e aprire di nuovo il 
file. Se viene visualizzata di nuovo la x rossa, potrebbe essere necessario eliminare l'immagine e 
inserirla di nuovo.
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Figure 8. Students use different forms to represent variables involved in basic 
astronomical phenomena. Examples of representation forms utilized  and 
produced by students: images, Cartesian diagrams, drawings and graphs 
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In our opinion, the excerpts presented above are evidences of students working as 
members of a small scientific community, showing an increasing sophistication in 
mastering two selected practices: planning and carrying out investigation and 
analysing and interpreting data. From the very beginning students were stimulated to 
ask questions. In the analysis, we stressed that spontaneous questions became more 
and more frequent and focused. The level of contents and questions deepened, from 
the basic phenomena of naked-eye astronomy to stellar evolution. Deepened also the 
level of metacognitive awareness of investigation’s methods: students asked, for 
example, how scientists get information about far objects and evaluated answers. 
Beside the described practices, students along the pathway were simultaneously 
engaged also in the other practices listed in NRC (2012, ES-3). We are aware that to 
separate them is a necessity for the analysis, but actually all the practices can interfere 
along the knowledge construction process. The increasing ability in asking questions 
could be the results also of the increasing ability in performing other practices. We 
hope to be able to develop this correlation analysis in the future. 
We think that the methods used to design the proposal and to analyse the 
teaching/learning classroom pathway are particularly meaningful in the actual 
scenario of K-12 science education and can inform future longitudinal teaching 
experiences. 
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APPENDIX A: THE ACTIVITIES’ TIMETABLE 
 

 The activities’ timetable of the entire teaching pathway 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Activities’ time range Activities’ description 

7th March 2006 

Observing the Moon at the Milan 
University Botanical Garden using 
naked-eye, a binocular and a 
telescope 

17th  March 2006 
Reproducing the observed Moon 
using oral expressions and 
drawings 

From 10th March 2006  
to 6th April 2006 

Systematic data collection about 
Moon and construction of the 
class’ lunar calendar 

29th March 2006 Observing a partial solar eclipse  

From 4th April 2006 to 
12th May 2006 

Representing and interpreting the 
lunar phases and the solar eclipse 
through body games and physical 
models  

18th May 2006 
Participation at a public event of 
scientific communication (Science 
Under 18)  

From 22th September 
2006  to 20th April 2007 

Systematic data collection about 
daily Sun path and its annual 
variations 

23th March 2007, 3th 
May 2007 

Data collection about Earth 
illumination observed in real time 
and from the place students live 

4th May  2007 - 7th May 
2007 

Interpreting the annual variations 
of the daily Sun path and the Earth 
illumination through body games, 
physical models and bi-
dimensional diagrams 

16th May 2007 

 

Participation at a public event of 
scientific communication (Science 
Under 18) 

From 5th to 29th October 
2007 

Searching for light sources and 
observing their spectra 

From 12th November 
2007 to10th December 
2007 

Systematic data collection using 
multi-spectral glasses and spectra’ 
classification  

17th December 2007 
Introducing the spectral 
classification of the stars 
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APPENDIX B: AN EXAMPLE OF THE VISUAL 
ORGANIZATION ADOPTED TO CONSTRUCT THE SERIES OF 
PANELS SYNTHESIZING THE TEACHING PATHWAY   

 

 

 

 

 

	  

Students’ notes 
The Sun illuminates always half of the 
Earth. 
The Earth orbits around the Sun. 
The Earth axis is tilted in respect with its 
orbital plane. 
The Earth axis translates along the Earth 
orbit. 
	  

	  

4
th

 May 2007 - 7
th

 May 2007 

REPRESENTING AND INTERPRETING THE ANNUAL VARIATIONS OF 
THE DAILY SUN PATH AND THE EARTH ILLUMINATION  

THROUGH BODY GAMES, PHYSICAL MODELS AND  
BI-DIMENSIONAL DIAGRAMS 
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PROMOTING A BETTER UNDERSTANDING OF GLOBAL 
CHANGE PHENOMENA – 

A DESIGN BASED RESEARCH PROJECT 
 
Thomas Roßbegalle and Bernd Ralle 
TU Dortmund University, Germany 

 

Abstract: Despite the fact that climate change, as one of the predominant global change 
phenomena, might become a big challenge for humanity in the 21st century, a lot of empirical 
studies have shown that students have difficulties in understanding its underlying scientific 
processes. Many studies describe students’ alternative conceptions and the frequency of their 
occurrence, but only few is known about how students acquire scientific conceptions. The 
project Atmosphere in Chemistry Lesson (AIR) deals with developing and evaluating learning 
designs that support a more sophisticated and scientific understanding of the greenhouse 
effect, acid rain and the depletion of stratospheric ozone. The study we present in this paper 
follows the paradigm of Didactical Design Research in the Dortmund Model, which aims both 
at developing teaching-learning arrangements and at investigating the development of 
students’ conceptions as well as the obstacles in teaching and learning processes. The paper 
gives insight into the process of developing the teaching-learning arrangements and presents 
first results of the empirical studies. 

Keywords: greenhouse effect, acid rain, ozone layer, students’ learning processes, Didactical 
Design Research 

 
INTRODUCTION 
Students’ understanding of the greenhouse effect, acid rain and the depletion of stratospheric 
ozone has been determined erroneous in many ways; studies show that students have 
difficulties to give scientifically adequate description of the processes (e. g. Boyes & 
Stanisstreet, 1992; Koulaidis & Christidou 1999). Different studies (Harsch & Barke, 2012; 
Mason & Santi, 1998; Niebert & Gropengiesser, 2012; Österlind, 2005; Reinfried, 
Aeschbacher & Rottermann, 2012) provide indication on how to cope with teaching 
environmental phenomena. However, we think that there is a lack of research about how 
students’ conceptions of all three phenomena interact and how their development during a 
teaching-learning arrangement can be assessed. 

Thus, the project Atmosphere in Chemistry Lesson (AIR) deals with developing and 
evaluating learning designs that support a more sophisticated and more scientific 
understanding of the greenhouse effect, acid rain and the depletion of stratospheric ozone. The 
project is embedded in the interdisciplinary research project FUNKEN at TU Dortmund 
University. The paper will first introduce the paradigm of Didactical Design Research in the 
Dortmund Model and then gives insight into the different working areas. 
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DIDACTICAL DESIGN RESEARCH IN THE DORTMUND MODEL 

 
Figure 1. Didactical Design Research in the Dortmund Model. The research paradigm 
consists of four working areas, which are conducted iteratively and intertwined. Adapted from 
“Topic-specific design research with a focus on learning processes. The case of understanding 
algebraic equivalence in grade 8,” by S. Prediger and L. Zwetzschler, 2013, Educational 
Design Research: Illustrative Cases, p. 411. Copyright 2013 by SLO. Reprinted with 
permission. 

Didactical Design Research in the Dortmund Model consists of four working areas which 
stand for different steps in the research process (see figure 1).  
The aim of this model is both to understand individual learning processes and obstacles (with 
regard to research results) as well as to develop teaching-learning arrangements (further) 
(design results). Thus, its crosscutting characteristic is classified as “the iterative interplay 
between designing teaching-learning arrangements, conducting design experiments and 
empirically analysing the processes.” (Prediger & Zwetzschler, 2013, p. 409) This approach 
derives from research of Gravemeijer and Cobb (2006) who call this phenomenon the 
“reflexive relation between theory and experiments.” (Gravemeijer & Cobb, 2006, p. 28) 

At first, this paper is meant to describe former steps and will additionally give insight into its 
particular theoretical background. 

Specifying and structuring learning goals and contents 
The first step of the research program focuses on the questions of what should be taught and 
why should this be taught. For specifying and structuring learning goals and contents, 
Didactical Design Research in the Dortmund Model takes scientific as well as students’ 
conceptions into account and is therefor close to the model of Educational Reconstruction 
(Duit, Gropengießer & Kattmann, 2005). 

Subsequently, we will not only comment on the content related scientific background, but also 
on general aims with regards to aspects of literacy. A special emphasis will be put on the issue 
of empirical results on learner perspectives (analysis of literature and own interview study). 

Strand 5 Teaching learning sequences and evidence-based teaching innovations

913



Content related scientific background 
Global change phenomena, such as the global climate change, might become big challenges 
for humanity in the 21st century. Although most anthropogenic influences to natural balances 
have started with the beginning of the industrialization, science research is still struggling in 
exactly modelling the interdependencies between different climate subsystems, e. g. the 
atmosphere and the oceans. Recently, the International Panel on Climate Change (2013) has 
emphasized that there is high evidence that anthropogenic influence has already caused a 
global warming of about 0.85 °Celsius during the period from 1880 to 2012 (IPCC, 2013). 
Depending on the amount of future discharge of trace gases, the global temperature could rise 
further 1.0 – 3.7 °Celsius until the end of the 21st century (relative to the period of 1986 –
 2005) (IPCC, 2013). Anthropogenic activities furthermore have an impact on the chemical 
processes in the atmosphere. The discharge of trace gases besides carbon dioxide has 
influences on the chemistry of the atmosphere (for an overview see Crutzen & Lelieveld, 
2001); for instance, emissions of sulphur dioxide cause acid rain. 

Economic development and its undesirable effects on nature have been discussed by the 
United Nations in Rio 1992. The result of this conference is the agreement to fulfil the idea of 
sustainable development which was first declared in the Brundtland Report. Sustainable 
development can be described as a “development that meets the needs of current generations 
without compromising the ability of future generations to meet their own needs.” (WCED, 
1987, p. 54) In 1992, the United Nations Conference on Environment and Development 
declared the AGENDA 21 which emphasizes the role of education to promote the idea of 
sustainable development. It claims that “education is critical for promoting sustainable 
development and improving the capacity of the people to address environment and 
development issues.” (Sitarz, 1993, p. 293) 

Overall aims for literacy 
Education for sustainable development itself has e. g. been discussed by de Haan. He points 
out that education for sustainable development should focus on Gestaltungskompetenz 
(shaping competence) which he subdivides into different sub-competencies (de Haan, 2010). 
Two of these sub-competencies either address the topic of knowledge acquisition or deal with 
the ability of scrutinizing incomplete and complex information (de Haan, 2010). Hence, 
amongst others, students need vital, complex and interdisciplinary knowledge (de Haan & 
Harenberg, 1999). 

Empirical results on learners’ perspectives 
Many studies have documented that students have problems describing global warming 
scientifically correct. Boyes and Stanisstreet (1992) found that students have alternative 
conceptions about the causes (e. g. ozone layer depletion contributes to global warming), 
consequences (increase in the incidence of skin cancer) and cures (use of lead free petrol) of 
global warming. Students also identified CFCs to contribute to global warming (which is an 
acceptable idea). Though, the authors assume that the students did not ascribe this to the 
CFCs’ ability to absorb and emit infrared radiation, but to the destruction of the ozone layer 
through CFCs. Schuler (2011), who conducted in-depth-interviews with 25 students, found 
that 12 of 13 students, who said that CFCs contribute to global warming, argue that CFCs 
enhance global warming by destroying the ozone layer (Schuler, 2011). The idea of a hole in 
the ozone layer as the main reason for global warming was also identified in different other 
studies, e. g. Fisher (1998), Koulaidis and Christidou (1999) or Schuler (2011).  

However, students tend not to adequately understand the underlying principles of the 
atmospheric processes. They often synthesize information about atmospheric phenomena in 
their mental models to make them plausible (Vosniadou & Brewer, 1992). We identified six 
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aspects in literature which we expect to constrain a sophisticated understanding of 
atmospheric phenomena, i. e. students 

• do not contrast between different pollutants and often cut down emissions on the role 
of carbon dioxide or “pollution”, 

• do not use the principle of chemical reaction to describe atmospheric processes but 
concepts of destroying or disappearing (e. g. for describing the depletion of 
stratospheric ozone), 

• hold alternative conceptions of atmospheric composition or the role of its compounds, 
• do not adequately contrast different forms of radiation, which are important in order to 

understand the global radiation budget, 
• only use the concept of reflection for explaining the global radiation budget but do not 

adopt absorption and emission, 
• therefor synthesize simple assumptions and explanations which results in alternative 

conceptions. (acc. to Boyes & Stanisstreet, 1992; Koulaidis & Christidou, 1999; 
Stavridou & Marinopoulos, 2001)  

We assume that some of the students’ misconceptions derive from missing conceptions 
(Aufschnaiter & Rogge, 2010), i. e. they are unable to distinguish between the different 
phenomena. We therefor think that the greenhouse effect, acid rain and the depletion of 
stratospheric ozone should not be taught separately but combined in one teaching-learning 
arrangement. Students should be offered didactically simplified, but scientifically continuative 
mental models which emphasize the differentiation between the atmospheric phenomena by 
regarding different atmospheric pathways of individual pollutants. Thus, we expect 

• the sub-division of pollution into different pollutants, 
• the differentiation of chemical reactions from reversible interaction between radiation 

and matter and 
• knowledge about the arrangement in layers of the atmosphere 

to be key factors for a sophisticated understanding of atmospheric phenomena. 

Despite the huge amount of studies which tried to unveil the students’ conceptions of the 
above mentioned issue, we were able to conceive further open questions, which we are going 
to discuss first, before the development of the design will be described. 

1. Which models do students use to describe the air and its compounds? 
2. Which ideas do they have reagrding the composition of the atmosphere?  

(Do they contrast different layers such as troposphere, stratosphere? What do they 
think about the effect of ozone layer?) 

3. How do students model atmospheric pathways of pollutants?  
(Do they use concepts of mixing or chemical reactions of atmospheric compounds to 
describe transmission? Do they consider deposition in some kind of way?) 

Interview study 
Methods and sample 

We conducted problem-centred interviews (Witzel, 2012) with 21 students (age 14 – 16, 14 
male, 7 female) who were in their last year of junior secondary education. Interviews were 
conducted with pairs of students (1 single interview), were video-taped and had an average 
length of 32 minutes. All interviews were conducted by the first author. 

The interviews were transcribed and analysed by qualitative content analysis (Mayring, 2000) 
using qualitative data analysis software (MAXQDA10). For validation, a student co-worker 
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was instructed to analyse the interviews separately. Results of coding were then compared and 
different coding was discussed. 

Results 

The results show that students all identified air as a mixture of different compounds, but 
mostly held alternative conceptions about the composition of the air (no notion of nitrogen as 
major part of air; overestimation of the contingent of carbon dioxide). Anyway, most of them 
only made use of simple particle model when asked to draw a visualization of these different 
compounds. Students tried to show the different particles using different colours, sizes or 
shapes, but only two students drew molecules. 

With regards to the composition of the atmosphere, it is remarkable that the students were 
using different ideas for its subdivision. 7 students did not discern the different layers and 6 
students used alternative ideas (areas we can live in/ not live in; proximity/ distance from the 
earth surface), whereas only 7 students claimed that different atmospheric layers have a 
different composition. Another 4 students made notion of different temperatures. 

Regarding the ozone layer, 4 students described it as the last layer of the atmosphere. One 
student said that it was the first barrier in the atmosphere (differentiating the first and the 
second atmospheric layer). 

Almost all students (19) mentioned that the atmosphere has a protective function, which they 
particularise into a function of capturing matter (7), protection against matter from space, (e. 
g. meteorites, 8) or protection against incoming radiation (10). 

In terms of atmospheric circulation, most of the students argued that there is no limit for 
pollutants. They prove this with regards to the effect of the wind (8). Concerning vertical 
transport, students identified different limitations for circulations, e. g. tropopause (2), clouds 
(2), ozone layer (4), clouds or ozone layer (1).  

Most students (14) said that pollutants will undergo deposition in some way (plants/trees as 
“filter” (8), sinking to earth surface (4), destruction by “enemy compounds” (2)). 

Students’ held alternative conceptions about atmospheric impacts of pollutants. 12 students 
said that pollutants would cause changes in the ozone layer, while only 5 mentioned ozone 
depleting particles (CFCs). Other students who appointed pollution only knew carbon dioxide 
and methane as pollutants.  

The students who were discussing anthropogenic impacts on the environment, did not notice 
certain pollutants, but pollution. This is remarkable because they had mentioned two or more 
pollutants.  

Discussion and conclusions 

Dealing with the aspects of the greenhouse effect, acid rain and the depletion of stratospheric 
ozone in class requires knowledge about air, the composition of the atmosphere as well as 
knowledge about chemical and physical processes in the atmosphere. Our results show that 
students hold different alternative conceptions about these issues. Thus, we propose to start 
teaching about the atmospheric phenomena with teaching about the composition of air. 
Additionally, this topic can be used to enrich the understanding of a suitable particle model. 

To contrast the different atmospheric phenomena, students need to be aware of the 
atmospheric arrangement in layers. In our study, most students did not use scientifically 
acceptable models to subdivide the atmosphere. Hence, we think that it is necessary to 
illustrate the atmosphere as different layers which are separated from each other by barriers. 
Focussing on the three atmospheric phenomena, we think it is suitable to only discuss 
troposphere and stratosphere (respectively the tropopause and stratopause). Both layers should 
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be characterized as areas with different composition of air (regarding stratospheric ozone) and 
different conditions for chemical reactions (regarding UVC- and UVB-radiation in 
stratosphere). 

In order to differentiate the phenomena from each other, it is important to distinguish the 
impacts of different pollutants. The students frequently knew about the different compounds, 
but linked the impacts to pollution and not to certain pollutants. We believe that it is suitable 
to show students that not all pollutants contribute to the greenhouse effect or other 
phenomena. We think that experiments, showing that for instance carbon dioxide does not 
deplete ozone, could provoke conceptual conflicts to students’ alternative conceptions. 
Developing the Design 
Having specified and structured the learning goals and contents, the question of how should 
these be taught comes to the agenda. Developing the design ties in with the specified and 
structured learning goals and contents, whereas one has to consider that it does not directly 
derive from these (Prediger et al., 2012). At the same time, decisions about activities as well 
as teaching- and learning material have to be made. The Dortmund Model of Didactical 
Design Research emphasizes to take into account empirical and theoretical insights into (1) 
learning means, conditions and effects as well as (2) pathways and typical obstacles. In the 
following, some of the intentions are discussed. Before discussing that, we will give an 
outline of the thematic course. 

Thematic course of the teaching and learning arrangements 
According to specified and structured learning goals and contents, the teaching-learning 
arrangements were designed in the following topical order: 

1. Composition of air (Composition of air, introduction of particle model used) 
2. Structure and composition of the atmosphere (Arrangement in layers, Chapman cycle) 
3. Atmospheric pathways of different pollutants (Differentiation of pollutants: 

greenhouse gas particles, acid rain forming particles, ozone depleting particles; 
processes of the greenhouse effect, acid rain and the depletion of ozone layer are 
illustrated) 

4. Atmospheric impacts of different pollutants (Experimental illustration of atmospheric 
impacts of different compounds of the air, i. e. N2, O2, CO2, N2O, SO2) 

5. Natural and anthropogenic emission sources and sinks of pollutants (Natural and 
anthropogenic emission sources, differentiation of natural and anthropogenic share in 
the atmospheric phenomena) 

Theoretic considerations for developing the design 
Diverse results of research to promote a better understanding of the greenhouse effect have 
been published by Mason and Santi (1998), Österlind (2005), Niebert and Gropengiesser 
(2012) as well as by Reinfried et al. (2012). Mason and Santi state that group discussions are a 
suitable method to initialize the acquisition of new knowledge, based on a revision of prior 
concepts and beliefs (Mason & Santi, 1998). Accordingly, “the argumentative dynamics in 
itself requested the learners to make explicit the presuppositions underlying their conceptions, 
promoting and shaping the metaconceptual awareness of the representations through which 
they interpret the world, triggering conceptual change.” (Mason & Santi, 1998, p. 81) 

Österlind investigated a group work of 3 students, who worked out a presentation about the 
greenhouse effect and the depletion of the ozone layer. Students retrieved their information 
from textbooks and from the internet. Discussing the results, she stresses students’ need for 
certain domain-specific knowledge. She points out that students predominantly struggled with 
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different aspects of the same phenomenon, i. e. the different forms of solar radiation (UV 
rays, solar radiation and thermal radiation) (Österlind, 2005). 

Niebert and Gropengiesser argue that learning about climate change is metaphorical. They 
discuss that macrocosmic structures like the greenhouse effect are not part of our experienced 
world. Hence, “metaphors ‘as a bridge between experience and scientific concepts’ are 
essential to understand climate change.” (Niebert & Gropengiesser 2012) They strengthen the 
role of a reflection on schemata which are used to understand global warming. 

Reinfried et al. (2012) emphasize the role of instructional material that are adequate for 
students. They argue that a lot of research results in the last 30 years have proven that the 
students’ conceptions are frequently difficult to change. Hence, existing alternative 
conceptions have to be identified and then get “restructured through appropriate instructional 
approaches in order to engender more advanced conceptions.” (Reinfried et al., 2012, p. 158) 
They also underline that students should not only be able to appoint single facts of the 
greenhouse effect (e. g. global warming happens because of the CO2 in the atmosphere), but 
they should also know how to explain these processes (Reinfried et al., 2012). 

The former studies (except Österlind) only discuss an enhancing greenhouse effect and the 
role of carbon dioxide with regards to anthropogenic influences on the atmosphere. In 
contrast, Harsch and Barke (2012) evaluated a lecture series that focusses on promoting a 
better understanding of air, the greenhouse effect, acid rain and (both tropospheric and 
stratospheric) ozone. They used a pre-post-test design to evaluate students’ knowledge gains. 
Results from a pilot study show that students scored better in all topics (Harsch & Barke, 
2012). 

However, all studies examine learning from different points of view and indicate different 
aspects for our study: 

• Results of Mason and Santi indicate that students should work in a collaborative 
setting that supports them to possibly revise their prior concepts. 

• Results of Österlind stress the need for a teaching-learning arrangement that provides 
students information about underlying scientific conceptions of the phenomena. 

• Results of Niebert and Gropengiesser indicate that students should be made aware of 
their conceptions prior to teaching and – more importantly – to reflect on them. 
Detailed discussions about alternative conceptions might evoke their lack of rigidity 
and therefor engender dissatisfaction with these conceptions. 

• Results of Reinfried et al. indicate that students should be offered an adequate and 
scientifically correct conception through instructional material.  

• Because of results of Harsch and Barke we assume that the idea to teach the 
phenomena together in one teaching-learning arrangement is a promising intend.  

In the teaching-learning arrangements, students are expected to work together in groups of 2 
or 3 students. According to the indications from other research, students conduct four steps in 
the learning process in each of the teaching and learning arrangements. The sequence is 
similar to the approach of Driver (1989) who used this approach in the project Children’s 
Learning in Science (CLIS). For each phase, different material was designed which are used 
for instruction on the one hand and as a stimulation of collaborative learning on the other. 
Table 1 gives information about developed material for each phase. 
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Table 1 

Developed material for teaching-learning arrangements 

Phase Intention Developed material 

Think/ 
Share 

Students share their prior knowledge and therefor 
make a drawing or discuss concept cartoons. 

• Worksheets for drawings 
• Concept cartoons  

Acquire Students work with instructional material which 
offers scientific explanation of the learning 
contents. Students then discuss their understanding. 

• Flash® Animations 
• Information texts 
• Experiments (real life or 

videotaped) 

Compare Students reflect on learning processes, comparing 
their understanding prior and post to instruction. 

• Cards to reflect on 
conceptual development 

Transfer Students are asked to solve problems in which they 
shall use the acquired knowledge to solve 
problems. 

• Worksheets to discuss 
alternative conceptions. 

• Problems that demand a 
transfer of knowledge. 

 
Guidelines for developing instructional material 
As mentioned before, our goal is to differentiate the greenhouse effect, acid rain and the 
depletion of stratospheric ozone from each other. It is noteworthy, that this inquiry not only 
involves the different pollutants, but also investigates the different nature of these processes 
and the atmospheric layers involved. This means that we have to illustrate dynamic processes 
in the context of the atmosphere. Due to the fact that these phenomena cannot be experienced 
directly, we selected graphical representations to illustrate them. Because of the dynamics of 
the processes, we assume that animated videos are suitable to illustrate the processes, e. g. 
chemical reactions. Research has shown that animations inter alia can provide a better 
understanding and reduce alternative conceptions on chemical issues, such as chemical 
equilibrium (for an overview see Kozma & Russel, 2005). Hence, different design principles 
for developing the animations derive from principles of multimedia learning (multimedia, 
contiguity, modality, signalling and interactivity principle, acc. to Kozma & Russel, 2005).  

For each of the phenomena we developed animated videos on two levels. First, the 
phenomena are presented in the context of the atmosphere. Trace gases are visualised by spots 
which move in the areas of troposphere and stratosphere and undergo “interaction with 
radiation” (the greenhouse effect) or “chemical reaction” (acid rain and the depletion of 
stratospheric ozone). Second, each of these processes is illustrated on sub-microscopic level. 
The animations present illustrations of molecules which move and show molecular vibrations 
(bending vibration of a carbon dioxide molecule, when it has absorbed infrared radiation/ 
greenhouse effect) or the formation of new molecules (for instance the formation of a chlorine 
oxide molecule from an ozone molecule and a chlorine atom/depletion of stratospheric 
ozone). 

However, Eilks, Witteck and Pietzner (2012) note that illustrations or animations on sub-
microscopic level may also evoke the formation of alternative conceptions due to their design. 
Their argument is that the coloring of empty spaces between the particles can evoke 
alternative conceptions of a discontinuous understanding of matter. Hence, we tried to tackle 
these problems and e. g. did not colour empty spaces between particles. 
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Conducting and analysing design experiments 
Method: What is a design experiment? 
After having developed the design, the next step is to evaluate the teaching-learning 
arrangement in design experiments. In the context of Didactical Design Research in the 
Dortmund Model, design experiments have the purpose to investigate whether the developed 
design works as expected. In this context it is not necessary to demonstrate the efficiency of 
intended learning processes, but to investigate, which pathways may be considered 
(Gravemeijer & Cobb, 2006; Prediger et al., 2012). Design experiments are similar to 
Piagetian critical interviews, but they are deliberately employed as teaching and learning 
situations (see also “teaching experiments” by Komorek & Duit, 2004). 

Design experiments in this study are teaching and learning sequences with two or three 
students who work outside the classroom. The researcher has the role both to be interviewer 
and teacher (Komorek & Duit, 2004). As the interviewer, he/she has to interpret students’ 
conceptions and put questions for eliciting students’ conceptions. In the role of the teacher, 
he/she answers students’ questions and can intervene in the learning process. 

Sample 
In a first step, design experiments were conducted with 3 groups of each 3 students (14 – 17 
years, 6 male, 3 female) outside the classroom. Students made use of the five teaching-
learning arrangements described before. Depending on the work pace of the particular group 
the whole design experiment lasted for 12 to 14 sessions. All sessions were video-taped and 
conducted by the first author. Students’ worksheets were collected and scanned. 

Analysis and iterative character of the study 
The analysis focuses on the students’ understanding of the greenhouse effect, acid rain and the 
depletion of ozone layer. Hence, the videos of unit 3 and unit 4 of the design experiments are 
analysed. The analysis comprises two steps.  

The first step consists of a video analysis. Using QDA software (MAXQDA11) the relevant 
sequences of videos were selected. Additionally, sequences in which students showed 
obstacles in learning processes were identified and marked with memos.  

Due to the iterative character of Didactical Design Research in the Dortmund Model, these 
findings are used to work on the area of specifying and structuring of learning goals and 
contents and to develop the design further. Thereafter, design experiments with an optimized 
teaching-learning arrangement are conducted. Having completed a second stage of design 
experiments, the first and the second (as follows) step of analysis are conducted with 
empirical data of both ascertainment. 

For the second step of the analysis the selected sequences are transcribed. The analysis 
focuses on the reconstruction of students’ concepts prior to teaching and their development 
throughout the design experiment. Additionally, we are interested in a deeper understanding 
of students’ obstacles and the characterization of learning processes. Thus, we conduct a 
qualitative content analysis (Mayring, 2000). 

First results 
We found that students held well known alternative conceptions, e. g. they thought that the 
ozone layer captures sunrays. Generally, students changed their understanding in a suboptimal 
way which means that they changed their conceptions of the atmospheric phenomena 
concerning some, but not all aspects. Regarding obstacles in the learning processes, we could 
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identify different aspects. Table 2 provides information about some of the identified obstacles 
in learning processes and approaches we conducted to work on the material. 

 
Table 2 

Identified obstacles and approaches for revision 

Obstacles: Students … Approach for revision 

confused light radiation with UVA-radiation 
concerning greenhouse effect, 

Colour of light radiation in animation was 
changed from yellow to green in order to 
catch students’ attention. 

claimed that only describing bending 
vibration of a carbon dioxide molecule does 
not provide a plausible explanation of the 
phenomenon, 

The explanation of interaction between the 
carbon dioxide molecule and infrared 
radiation was described as reversible 
slackening of the chemical bond. 

showed difficulties in describing the 
processes of chemical reaction with correct 
technical terms (as well for acid rain as for 
the depletion of ozone), 

At the beginning of unit one, students discuss 
what the terms particle, atom, and molecule 
mean and point out differences.  

argued that short lived character of trace 
gases results from “decay” (comparing it to 
radioactive decay), 

After learning that short lived character 
results from a chemical reaction, students 
discuss the idea of short lived character due to 
decay of particles. 

did not make use of the possibility to stop the 
animations and discuss the information. 

Animations stop automatically after at least 
three chapters in order to give students cause 
to talk about the information. 

 
Developing local theories on teaching and learning processes 
Developing local theories on teaching and learning processes means to reflect upon the results 
contrasting them with the intended goals and obstacles (Prediger et al., 2012). Regarding 
students’ performance in the design experiments we assume students’ prior conceptions about 
the greenhouse effect, acid rain and the depletion of stratospheric ozone rather to be ideas 
than “solid” conceptions. When the students worked with the instructional material, they 
changed most of their alternative conceptions. Most of them attributed this to a more plausible 
explanation of the new conceptions.  

Regarding obstacles in the learning processes, we were able to identify different sequences, in 
which students often changed those aspects of conceptions with which they were dissatisfied. 
It seems that students extracted particular information from the animations in order to make 
their understanding of the phenomena more plausible. In doing so, they either substantiated 
prior conceptions or exchanged fractions of prior conceptions. 

 

OUTLOOK 
So far, we have reviewed the teaching-learning arrangements. Recently we have finished 
conducting the design experiments with the optimized material (2 groups, 5 students, age 14 – 
15, 2 male, 3 female). Next, we will undertake an in depth analysis of the learning processes.  
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EPISTEMOLOGICAL BELIEFS AND CONCEPTUAL 

UNDERSTANDING INVOLVED IN METACOGNITIVE 
ACTIVITIES DURING A MODEL-BASED TLS ABOUT 

OPTICAL PROPERTIES OF MATERIALS 
 
Soulios Ioannis and Psillos Dimitris 
Aristotle University of Thessaloniki, School of Primary Education, Thessaloniki, 
Greece 
 

Abstract: The current research focuses on the impact of a model-based inquiry 
process on epistemological beliefs about models and conceptual understanding about 
optical properties of materials. An innovative Teaching Learning Sequence (TLS) was 
developed, in which digital photos of experiments were imported in a modelling 
environment. Two different age groups, one of 24 9th grade students and another of 22 
primary student teachers followed this TLS, in which the establishment of a 
relationship between optical phenomena and the ray model in optics was attempted, 
through an exploratory modelling process. Moreover, in order to enhance participants’ 
awareness about aspects of scientific models, reflection over exploratory modeling 
activities and keeping diaries after hands-on and virtual experiments were introduced. 
Participants were tested before and after the TLS using semi-structured interviews and 
a written questionnaire. The results show that participants’ epistemological beliefs 
and conceptual knowledge were significantly improved after the TLS. However, 
positive correlations between epistemological beliefs and conceptual understanding 
were spotted only in the case of student teachers. These results strengthen the view 
that if students are to acquire more advanced epistemological beliefs about models 
and  establish a more coherent relationship with conceptual understanding, 
exploratory modelling should be enriched with more explicit teaching about models 
and modelling, expanding the field of applicability of specific model they use.  

Keywords: epistemological beliefs, conceptual understanding, optical fibres, 
reflection, exploratory modelling  

 
THEORETICAL BACKGROUND AND RATIONALE 
Model-based inquiry is intended to enhance learners’ epistemological understanding 
about models and modelling and the development of their conceptual scientific 
knowledge (Schwarz, 2009). A model is considered as a non-unique partial 
representation of an object, an event, a process, or an idea that can be changed, used 
for enhancing visualization, as a way of both supporting creativity and favoring 
understanding, and as a tool for expressing scientific theories in a form that can be 
used for purposes such as prediction and explanation (Petridou, Psillos, Hatzikraniotis 
& Kallery, 2013). In traditional instruction teachers generally use models for 
imparting information about scientific content. Models are presented to the students 
with no discussion about their nature and function, and students use models without 
understanding that they are tools for explaining and predicting phenomena (Petridou 
et al., 2013; Treagust, Chittleborough, & Mamiala, 2002).  
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There is a distinction between expressive modelling, where students engage in the 
construction of models in order to express and test their own ideas about the world 
and exploratory modelling, where students have to explore and test the ready-made 
models with which they are stimulated to interact (Mellar & Bliss, 1994). In the first 
case, in which students have to express and test their own ideas about the world, the 
problem becomes how to shape those ideas into the scientific models to be taught, 
while in the second, the one of discovering, exploring and testing a given model, the 
question is how to connect this properly to the students’ ideas about the world.  

Schwarz and White (2005) argue that engaging students in simply developing models 
is not enough to develop epistemological awareness of models and modelling and 
indicate the need to add metacognitive activities in order to develop not only scientific 
models but also explicit theories about the nature and purpose of models. However, 
there is a fair number of correlational studies which suggest that although students’ 
understanding of models can be developed, students need more opportunities to 
engage in a variety of inquiry tasks across different domains in order for a relation 
between personal epistemology and content knowledge to be established (Gobert, 
O’Dwyer, Horwitz, et al., 2011; Gobert & Discenna, 1997).  

Moving to the conceptual level, studies of students' reasoning about optical 
phenomena have consistently shown that existing practices in the teaching of optics 
do not lead to their satisfactory application of geometrical models (Andersson & 
Bach, 2005). Light is conceived by students – and even by prospective teachers – as a 
material entity located in the space between its source and its effect, as a “light bath” 
or a “sea of light” that fills space, and that does not travel (Galili & Hazan, 2000). 
Understanding the nature of light as an entity propagating in space and the role of 
reflected and diffused light in seeing is of prime importance in understanding such 
other phenomena as image formation, daylight, and how we see things (Tekos & 
Solomonidou, 2009).  

Within this context, the present study draws on the application of a research-based 
Teaching Learning Sequence (TLS) in which students and student teachers were 
engaged in exploratory modelling activities with the ray model in optics in order to 
explain light phenomena and reflected on the use of the model and its impact on their 
epistemological beliefs about the nature, aims and change of models and their 
conceptual understanding in the field of optics as well as the relation between them. 
The research questions were: 

1. Did the students and student teachers who attended the TLS enhance their 
epistemological beliefs concerning the nature, aims and change of models?  

2. Did the students and student teachers who attended the TLS improve their 
conceptual understanding and acquisition of scientific knowledge?  

3. Is there any relation between the students’ and student teachers’ conceptual 
understanding and their epistemological beliefs? 

 
METHOD  
Overview of the Teaching- Learning Sequence (TLS) 
An inquiry-based TLS about the optical properties of materials, employing both 
hands-on experiments and computer model activities in which digital photos of 
experiments were imported into a modelling environment (Cabrì Géomètre) was 
developed in the context of the European project on Materials Science (Testa, 
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Lombardi, Monroy & Sassi, 2010). This innovative original TLS aimed at motivating 
secondary students to investigate a specific behaviour of a techno-object (optical 
fibre) and studied under what conditions its behaviour can be modelled.  

This original TLS was tailored to the Greek context through a gradual research-based 
evolutionary process (Meheut & Psillos 2004). In the present, adapted version, a 
linkage between real and model is pursued through an exploratory modelling process 
aimed at enabling students to become aware of the advantages and limitations of 
applying the ray model to optical phenomena, in order to enhance both students and 
student teachers’ awareness concerning aspects of scientific models and modelling. 
This exploratory modelling approach assumes that introducing a common and widely 
used model such as the ray model for explaining and predicting the underlying 
mechanism of light phenomena, instead of simple description, leads student and 
student teachers to engage in model-based thinking.  

The exploratory modelling progression  
In the proposed exploratory modelling process, the need for developing awareness 
about models is functionally integrated into the TLS, and not an additional extra, as 
e.g. in the case of Schwarz and White (2005). Thus, in a careful designed lesson 
sequence, student and student teachers appeared to be able to go a long way in 
applying and testing the ray model, as well as in reflecting on the nature of that 
model. The TLS was rounded off with reflections on how the ray model was in line 
with the desideratum of the overall objective, i.e. explaining light phenomena at a 
deeper level.  

This exploratory learning progression is implemented through three successive stages, 
comprising the introduction, revision and expansion of the ray model. In the first 
stage, the ray model is introduced to help participants investigate the question of 
“How we see”, using a flash applet simulating a bicyclist seeing a coin illuminated by 
a lamp post in the night. Reflection prompts such as: “In which ways light 
represented during simulation?” “Is this a model of how light propagates in 
homogeneous materials?” “If you could see how reality is, you would see the same 
thing? Yes or no? Why?” are coming up for discussion and students realise that while 
there are a lot of beams of light around a source, they choose to observe only the one 
that helps explain a single phenomenon and thus become aware that this process 
constitutes an abstraction from reality for the achievement of a goal.  

In the second, experimentation, stage, participants draw segments in order to model 
the path of light in various situations and establish the features of the model, during 
the interpretation and prediction of the phenomena (e.g. rectilinear propagation, 
internal reflection, refraction, etc.). For instance, when students are trying to represent 
the path of light in optical fibres, prompts like: “Can you explain, based on model, in 
which way light propagates into optical fibres? Yes or no? Why?”  “If your 
prediction is in agreement or not with the results of experiment, how you can explain 
the differences observed?”  “In which way does the ray model help? In which does 
not?” lead participants to its strong and weak points and understand the need to 
evaluate models and improve them in light of new findings during experimentation.  

Finally, in the third stage students expand the explanatory and predictive power of the 
optical ray model, taking into consideration additional evidence from activities in the 
Cabrì Géomètre virtual environment. In particular, scaffold prompts such as: “Can 
you design a model of about which way an optical fibre functioned?”  “What is 
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finally a ray and why we used it?” “Can you notice in which cases it helps us and in 
which way? In which does not?” participants expand the applicability of the optical 
ray model and integrate scientific and technological knowledge, concerning material 
properties of optical fibres such as refractivity and transparency. 

Samples 
Two different age groups, consisting of 24 9th grade secondary students and 22 
prospective primary teachers, attended this TLS which lasted 10 hours. The 9th grade 
secondary students were schooled in a well-equipped private school in Greece 
following the typical national curriculum, with their science knowledge to be 
considered as enhanced. On the other hand, the student teachers were bilingual (Greek 
and Turkish), with Turkish as their mother tongue, or trilingual (Greek, Pomacs – a 
Bulgarian dialect – and Turkish), with Pomacs as their mother tongue, and were 
trained to teach in the schools of the Muslim minority in Thrace. Both groups were 
unfamiliar with modelling activities.  

Procedure 
Interviews about models  
Semi-structured interviews were conducted with 12/24 of 9th grade students and all of 
student teachers (N=22) before and after the TLS, in order to reveal their ideas about 
three aspects of models through appropriate prompts, such as:  

• Nature of models (e.g. “What do you believe that a scientific model is?”, and 
“How accurately should a scientific model represent the reality?”)   

• Aims of models: (e.g. “What could be the purpose of a scientific model?”, and 
“How might it be useful?”)   

• Change of models: (e.g. “Is it possible for a scientific model to change? Yes or 
no? Why?” and “How could this happen?”)  

The interviews were tape-recorded, coded into interview protocols and qualitatively 
analysed. A 3-level coding scheme based on relevant research (Crawford & Cullin, 
2005; Petridou et al., 2009) was used to analyse the interview protocols examining 
students’ epistemological beliefs concerning the nature, aims and change of models 
(1= realistic view, 2= partially scientific, 3= scientific).  

Questionnaire about light and vision 
The students’ and student teachers’ conceptual understanding was also tested before 
and after the implementation of the TLS by means of a written questionnaire 
consisted of six tasks focusing on light phenomena: 

• Task 1. Seeing in absolute darkness – Students had to say whether they can 
see in absolute darkness and justify their answers.  

• Task 2. How we see in a room lightened by an artificial light source – Students 
had to choose among four options which depict how we see in a room 
lightened by an artificial light source and explain briefly why.  

• Task 3. Light diffusion on water droplets – Students had to observe a picture 
representing light beams filtered from clouds and explain how this is able to 
be shown.  

• Task 4. Diffused reflection on rough surfaces – Students had to explain why 
there is natural light in a room.  

• Task 5. Reflection on a plane mirror – Students had to choose which objects in 
front of a mirror the observer is able to see from an angle and explain why.  
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• Task 6. Coexistence of reflection and refraction – Students had to choose the 
correct answer, from multiple choices, to the question of what happens when 
light hits a still water surface and justify their choices.  

The student’ and student teachers’ replies in each task were scored on a scale from 0 
to 3 based on their conceptions concerning light phenomena (0= incomplete or nil 
answers, 1= intuitive answers, 2= partially scientific, 3= scientifically accepted 
replies). The coding scheme took advantage of the analysis of science education 
literature concerning the main alternative conceptions held by students about vision 
and geometrical optics.  

DATA ANALYSIS AND RESULTS  
The interview protocols were analysed for each aspect of the models separately, in 
order to reveal the three levels of the student teachers’ epistemological beliefs (see 
Table 1). 
 

Table 1  

Levels of epistemological beliefs about aspects of models  

 Level 1 Level 2 Level 3 

N
at

ur
e 

of
 m

od
el

s 

Is an accurate 
description, an exact 
representation of an 
object or a prototype: 

“[…] is an object made 
by scientists” 

A representation of a 
phenomenon, a process, a 
system or a cognitive tool 
for real world 
understanding:  

“something scientists 
study and explain to 
others” 

A simplified or abstract 
representation of a 
phenomenon, process, 
system, idea or theory: 

“an idea or a theory about 
how something could happen 
to something” 

A
im

s o
f m

od
el

s 

To simplify and 
represent an object, to 
clarify an issue under 
study or to classify 
phenomena: 

“to represent  the 
reality” 

To explain or interpret a 
phenomenon for didactical 
reasons: 

“to be used for better 
exploration of a 
phenomenon”  

To explain or predict 
phenomena, as a tool for  
formulating a hypothesis and 
as a scaffold for the 
construction of scientific 
knowledge: 

“to see if theories can proved 
or can predict what will 
happen”  

C
ha

ng
e 

of
 m

od
el

s 

The model cannot be 
changed: 

“no, because  it  has 
been made by a 
scientist” 

The model could be 
changed if it doesn’t 
behave according to the 
creator’s purpose: 

“in order to study a 
phenomenon in a better 
way” 

The model is temporary in its 
nature, and could be changed 
when it is not in agreement 
with observational data from 
the real world or a theory. 

“it could be changed if new 
or false evidence has been 
found” 
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Applying the non parametric Kruskal-Wallis x2 test, no significant differences 
between the two groups, were observed before and after the TLS for epistemological 
beliefs, as well as conceptual understanding. 

 

Table 2  

Changes in students’ epistemological beliefs  

Wilcoxon signed rank U test 
Nature 

of models 

Aims  

of models 

Change 

 of models 

9th grade students (N=12)     -3.87**     -3.76**     -3.62** 

Student teachers (N=22)     -3.21**     -3.36**     -3.38** 

*p ≤ .05, **p≤ .001 
 

The non-parametric Wilcoxon signed-rank test was applied for monitoring any 
changes in students’ epistemological beliefs. Inspection of Table 2 reveals that there 
was considerable shift between students’ pre-instructional and post-instructional 
epistemological beliefs concerning aims, nature and change of models. Such a shift is 
statistically significant at the .001 level and indicates that a considerable number of 
students and student teachers moved towards accepted scientific views in all three 
aspects of models.   

 

Table 3  

Changes in students’ conceptual knowledge  

Wilcoxon signed rank 
U test Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 

9th Grade students 
(N=24) 

-3.87** -3.88** -3.99* -3.96* -3.62** -4.02** 

Student teachers 
(N=22) 

-3.91** -3.79** -3.95** -4.12** -3.96** -4.25** 

*p ≤ .05, **p≤ .001 

 

The non-parametric Wilcoxon signed-rank test was applied for monitoring any 
changes in students’ conceptual knowledge. Inspection of Table 3 reveals that there 
was considerable shift between students’ pre-instructional and post-instructional 
conceptual understanding. Before TLS the majority of student and student teachers 
formulated wholly intuitive replies considering light as a static materialized substance 
or the eye as an active agent and scored 1 in all tasks. After the TLS, the majority of 
students and student teachers moved towards scientific knowledge and this change 
was statistically different from their pre instructional views. 

In order to investigate if there were any relations between epistemological beliefs 
about models and conceptual understanding Spearman ρ correlations were performed 
before and after the implementation of TLS. Before TLS, no significant correlations 

Strand 5 Teaching learning sequences and evidence-based teaching innovations

929



between the two variables for the students, as well as for the student teachers were 
spotted. 

 

Table 4  

Correlations between student’s epistemological beliefs and conceptual knowledge 
after TLS  

Tasks 

Nature  

of models 

Aims  

of models 

Change 

of models 

SG TG SG TG SG TG 

1. Seeing in absolute darkness .34 .23 .26 .23 .39 .09 

2. Interpreting mechanism of vision .55 .12 .41 .12 .48 .25 

3. Light diffusion on water droplets .27 .62** .24 .62** .19 .57* 

4. Light diffusion on rough surfaces .16 .73** .29 .73** .16 .47* 

5. Image formation on a plane mirror .28 .64** .39 .64** .54 .56** 

6. Reflection and refraction coexistence  .29 .49* .37 .49* .52 .41 

SG=Student’s Group, TG= Student Teacher’s Group  

*p ≤ .05, **p≤ .001 

 
Concerning post-TLS correlations, inspection of Table 4 reveals that in the case of 
students there were not any correlations between epistemological beliefs and their 
conceptual knowledge. On the contrary, student teachers’ post-TLS epistemological 
beliefs concerning models were significantly correlated to the respective conceptual 
scores in the case of most tasks. In these tasks which could be characterized as high-
modelling demanding tasks, it appears to be more possible only for student teachers to 
relate their conceptual understanding with their level of epistemological beliefs. These 
results point out that after instruction there were considerable differences concerning 
the relation of epistemological beliefs and conceptual knowledge between these two 
samples, though their initial understandings and epistemological beliefs were not 
different.  

 

CONCLUSIONS AND IMPLICATIONS 
Based on the above results, we may argue that model-based exploratory activities 
enhanced by metacognitive procedures could improve both students’ and student 
teachers’ conceptual understanding in optics and epistemological beliefs about 
models, irrespective of differences in age. These results are in line with other studies 
we have carried out in a different domain namely electrostatics (Petridou et al, 2009). 
Comparing the three aspects of models examined, the change of models is more easily 
to be adopted by students and student teachers as other studies suggest (Treagust et 
al., 2002; Gobert et al., 2011). Taking into account the limited experience the students 
and student teachers had of models and modelling procedures before the 
implementation of the TLS, we consider that providing both student and student 
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teachers with a reflective framework enabling them gradually to distinguish a model 
(in our case, the optics ray model) from reality and identify the features of this model 
as well as its strong and weak points for treating phenomena can help them advance 
their understanding of essential aspects of scientific models. 

According to our evidence the relation between epistemological beliefs and 
conceptual change seems to be improved after the implementation of the TLS, but it is 
affected by certain factors such as age and the nature of the task examined. 
Concerning age our results are in congruence with certain studies suggesting that age 
and experience seem to be crucial factors for establishing a coherent relationship 
between epistemological beliefs and conceptual understanding (Hofer & Pintrich, 
1997). Besides, concerning the nature of the task, after the instruction students, as 
well as student teachers could easily apply the ray model in low-modelling demanding 
tasks (e.g. explaining how we see, referring to light diffusion and reflection on 
objects) and it appears to be more possible for them to enhance their conceptual 
understanding irrespective to their level of epistemological beliefs. In contrast, we 
argue in line with the study by Gobert and Pallant (1997) that in tasks which raise up 
high modelling demands, only student teachers with a more sophisticated 
epistemology of scientific models are better able to apply a model, like the ray one, 
and use it to make inferences involving causal mechanisms about optical phenomena 
related to the properties of optical fibres.  

In the present study, we suppose that if students and student teachers are to acquire 
more advanced epistemological beliefs about models, closer to an accepted scientific 
view, then exploratory modelling should be enriched with more explicit teaching 
about models and modelling with reference to the specific model being used, for 
example the ray model. Moreover, one important issue which needs further 
investigation is whether explorative modelling as an instructional practice could be 
used as a first step in helping student teachers acquire a more accurate image of 
models before they engage in expressive modelling.    
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Abstract: We present the design and evaluation of a sequence of activities aimed to 

favour learning of magnetic forces. Core of the sequence are two experiments 

designed to explore independently the characteristics of the magnetic force on a 

carrying current wire and on free moving charges. Experimental work requires simple 

and inexpensive material or tools generally available in a well-equipped teaching 

laboratory. The activity sequence, designed for students in high school or in 

introductory physics courses, has been tested with about 200 students. Results show 

the effectiveness of the sequence in improving students’ understanding on the topic, 

compared to a traditional teaching. We also proposed the activities to student teachers 

enrolled in a post-graduate course for teacher preparation (55) in order to investigate 

their understanding of the relation between the force experienced by a current 

carrying wire located in a homogeneous magnetic field and the Lorentz force acting 

on the single carriers. Data collected show that students teachers generally assume (as 

suggested by the explanations usually proposed by physics textbooks) that the force 

on a current carrying wire can be deduced straightforwardly from Lorentz’ force as 

the sum of the microscopic forces acting on the free carriers, without taking into 

account the fact that Lorentz’ force does no work, since it is always perpendicular to 

the charge velocity. The effort of explaining how from a force that does not work a 

force doing work can be obtained motivates student teachers to construct models able 

to describe the direction of the force on the wire and its electric origin due to the 

presence of constraints and boundaries. 

Keywords: Magnetic Force, Teacher training, Models.  

 

BACKGROUND, FRAMEWORK, AND PURPOSE 

This study concerns the design and evaluation of a sequence of activities aimed to 

favor learning of magnetic forces, a topic that physics education research showed to 

be particularly complex and difficult for students (Galili 1995, Guisasola 2004, 

Sağlam 2006, Scaife 2010). The work is focused on the analysis of students’ 

understanding of the relation between the force WF


, experienced by a current carrying 

wire of length ℓ located in a homogeneous magnetic field B


 and the Lorentz force LF


 

acting on a single current carrier.  

Usually, both in university and high school physics textbooks the force 

nBIBIFW
ˆ)sin(





  is deduced straightforwardly from Lorentz’ force 

BvqFL


 , without focusing on the fact that Lorentz’ force does no work since it is 

always perpendicular to the charge velocity v


. The problem of how from a force that 
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does not work ( LF


) a force doing work can be obtained is usually disregarded 

(Feynman1964). Only a few textbooks for undergraduate students (Purcell 1984, 

Chabay 2002, Griffiths 1999) and papers address the problem using an elementary 

approach (Mosca 1974; Fletcher, Iyeret & Kinsey 2003; Redinz 2011), while in others 

the discussion is based on quantum theory (Rostoker 1952; Sakai, Hon, Fujimoto, 

Nakamura, & Shibata 2010) or on the Drude model (Goedecke & Kanim 2007). As a 

consequence the formal derivation of one force from another is accepted by most 

students and high school teachers as a satisfying conceptual bridge between the two 

forces. 

Rationale 

The activity sequence is organized into three phases including experiments and 

theoretical discussions as it is summarized in Fig.1. The first two phases are aimed to 

measure and analyze independently the characteristics of the force acting on a current 

carrying wire and the one acting on free charges in a magnetic field. During these 

phases the students carry out experimental activities in groups of three-four 

completing the experimental work in two sessions of 2 hours each. Experiments are 

supported by computer based laboratory and multimedia tools that, as research has 

shown, can contribute to creating appropriate learning environments and favour 

students learning (Thornton 1990; Trumper & Gelbman 2000; Onorato & De 

Ambrosis 2012) 

The third phase aims to build a conceptual bridge between the two forces, by 

analyzing the approach commonly used to formally obtain one force from the other. 

In this phase all the students are involved in a collective discussion. 

 

 
Figure 1. The activity sequence is planned into three phases including experiments 

and theoretical discussions. The teaching plan was designed by taking into account 

research results about students’ difficulty on the topic and teachers’ direct experience 

with students.  
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Force on current carrying wires 

Three different experiments are proposed by using current and force sensors. Analysis 

and interpretation of the experimental results help students construct/verify the formal 

expression of
WF


. Moreover, by hanging the wire to a spring or a dynamometer 

students observe that 
WF


 does work since there is a variation of the spring length. The 

experimental set up is represented in Figure 2. 

 
Figure 2. (A) Experimental set-up to measure the force experienced by a current-

carrying wire: two permanent magnets, some meters of current-carrying wires (coils 

obtained by winding the wire NW times around a core of side cmhL 65 ) an electric 

DC generator a force sensor and a current sensor. (B) Data from the measurements 

obtained by five groups of students. Data acquired by DataStudio software are plotted 

in the force–current plane. The linear relationship between measured force, |FW|, and 

I. (D) Measurement of the force experienced by the wire as a function of the angle: 

the two permanent magnets are placed on a swivel stool equipped with a goniometer. 

In the inset of panel (B) data of the force at different angles obtained by all the groups 

are represented and compared with the theoretical function )sin( . (C) Frames of a 

video showing that when the current in the wire is increased the coil moves and the 

force on the current does work. 

 

Force on free moving charges  

The second phase refers to the study of the magnetic force on electrons, emitted by a 

cathode, moving through a homogeneous magnetic field (Figure 3). In order to give 

the students the possibility of doing a quantitative analysis we suggest them to 

acquire, by means of a digital CCD camera, the images of the circular electron orbits. 
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Then they use the photos to find the quantitative relationship between force, cyclotron 

radius and electron momentum [Onorato & De Ambrosis 2012]. During the work 

students explore all relevant aspects of Lorentz force: they recognize that the direction 

of LF


is orthogonal to the direction of the charge motion and realize that no work can 

be done by this force. 

 

 
Figure 3. Experimental apparatus for measuring the Lorentz force The photos are 

acquired by a Web Cam and then analyzed with the help of a Personal Computer. 

 

A conceptual bridge between the forces  

In the third phase, students’ attention is focused on the problem of finding a link 

between the force
WF


, experienced by the wire and the Lorentz force LF


 acting on a 

single current carrier. Students are requested to resolve the apparent paradox of how 

from a force that does not work ( LF


) a force doing work can be obtained. As a first 

step the proof usually reported in the textbooks is proposed. Students are asked to 

ponder the fact that LF


 can not do work, but just deflects the moving charges. This 

means that, in the usual picture, something is neglected, which may be identified with 

the role played by the “boundary constraint” in preventing the conduction electrons 

from leaving the wire. In this way a force of a different nature from LF


 (an electric 

force) is generated, which is capable of producing work. 

 

THE STUDY: ORGANIZATION AND DATA COLLECTION  

The sequence was proposed to 55 student teachers enrolled in a post-graduate course 

for teacher preparation. We collected data on their ideas from worksheets completed 

during the experimental activities; discussions during and after the experiments, 

answers to written questions, and a final report where student teachers described 

which elements of the proposed sequence they considered essential. 

The work was aimed at:  
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- evaluating the effectiveness of the activity sequence in promoting student teachers’ 

reflection on basic physics contents by linking experimental activity and theoretical 

analysis; 

- refining the sequence design in order to make it suitable for high school curriculum 

by taking into account also teachers’ attitudes and needs. 

 

RESULTS  

In Figure 4 the model proposed by a student and shared with his group-mates is 

represented as an example of the ideas used to link in a coherent way the forces they 

have studied. 

 

 

Figure 4. Typical students' model and comments (1) We can imagine the wire 

conductor as a kind of barrier reflecting the electrons deflected by the magnetic 

field...[they] move along a circular path until they knock against the wall of the 

conductor and imparts a certain force down (and on the contrary, the conductor on 

the electron upward). (2) [The electron] is affected by the Lorentz force and is 

deflected towards one of the wire’s walls. (3) Free electrons in the magnetic field are 

deflected orthogonally to the direction of the current therefore a potential difference 

is created between the upper and the lower part of the conductor. As a consequence 

an electrostatic force acts on the electrons and a reaction force acts on the wire. It is 

this force that does work. 

 

Interesting observations were also reported in the final reports. One of the student 

teachers wrote: “The approach usually given in textbooks seems rigorous....but the 

problem is subtle and the whole understanding is prevented by an enormous 

obstacle”. In fact the student teachers emphasized that: “during the discussion we 

have highlighted a fundamental difference between the two forces that consists in the 
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possibility of doing work or not”. They also remarked that there is "a logical gap 

between these two situations" and that a "new model" is needed.  

An ingenuous model (a kind of ballistic model) is described by one student as 

follows: "The Lorentz force deflects the trajectory of free charges and makes them 

collide against the wall of the wire. The wall exerts on a charge equal and opposite 

force....the force able of doing work is precisely the one due to the impacts of the 

charges with the edge of the conductor....The principle is the same as the one 

explaining Hall effect." 

This model is able to explain the direction of the force and its electric origin due to 

the presence of constraints and boundaries, while a more detailed Drude model is 

needed to describe the role of impurities and lattice. 

Observations by student teachers 

We summarize in the following the aspects underlined by most student teachers.  

(i) The experiments can help high school students focus on the direction of the 

magnetic force and recognize that this force can be expressed by a vector product. As 

an example, a student teacher wrote: “The experiments give a rare opportunity to see 

a force perpendicular to the motion.” And another: “This experiment is particularly 

interesting because it demonstrates how a force can result from a vector product.” 

(ii) The experimental analysis of the electron tracks favours a link between 

mechanical and electromagnetic phenomena. Example: “The experience helps to 

deepen the concept of circular motion and centripetal force: in particular, it can be 

an opportunity to highlight the fact that the centripetal force is not a type of force (as 

is often considered by students) but only a "mode of action" of a force that can be of 

various nature”. 

(iii) The sequence of activities encourages students to look for a conceptual link 

between Lorentz force and the force on a current-carrying wire. Example: “There is a 

logical gap between these two situations and a new model is needed”. 

 

CONCLUSIONS AND IMPLICATIONS 

Our results demonstrate the effectiveness of the sequence of experiments in 

improving student teachers’ understanding of magnetic force and promoting reflection 

on basic physics contents. Data collected from worksheets, discussions during and 

after the experiments, answers to written questions, and final reports show how well 

student teachers understood that the distinction between the Lorentz force and the 

force on the wire is not “a theoretical adornment” but highlights a key feature: one 

force does not work, the other one does." Many of them recognized the crucial role 

played by boundary constraints in producing the force acting on the wire. We also 

found that student teachers’ ideas about the activity sequence are in good agreement 

with the results obtained in testing the experiments with high school students 

(Onorato & De Ambrosis 2012). A comparison of results from student teachers to 

previous results from groups of high school students confirms that the sequence is 

suitable for high school students and fits well with teachers’ attitudes and needs 

(Onorato & De Ambrosis 2013). Further work must also be done with in service 

teachers to test and refine the activity sequence in order to favour its actual 

implementation in high school curriculum.  
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AN ATTEMPT TO HELP STUDENTS APPRECIATE 

EPISTEMOLOGICAL DIMENSIONS OF ENERGY 

 

Angela Hadjigeorgiou, Nicos Papadouris and Constantinos P. Constantinou 

Learning in Science Group, University of Cyprus 

 

Abstract: Energy is recognized as one of a small number of disciplinary core ideas for 

science teaching. Despite the recognition of its importance for science learning, 

energy continues to pose a significant instructional challenge. This relates to the need 

to reconcile the abstract nature of energy, as a mathematical idea, with the need for 

teaching transformations that enable addressing the question “what is energy, why is 

it useful and how do we use it in science?”, in a meaningful manner. Conventionally, 

teaching about energy has drawn on conceptually-oriented approaches (e.g., energy as 

the ability to do work). In our prior work we have proposed an alternative approach 

that takes a philosophically-informed perspective. This approach treats energy as a 

coherent theoretical framework for analyzing systems, rather than as a mere physical 

quantity. It places emphasis on elaborating the epistemological dimensions of energy 

(invented construct, unifying power and crosscutting nature) and seeks to interweave 

the features of energy (conservation, degradation, transfer, transformation) into a 

coherent whole by highlighting their epistemic utility for analyzing the operation of 

physical systems. In this paper, we report on the implementation of an activity 

sequence we have developed in line with this approach. Participants were 45 students, 

16-17 years old and the implementation lasted nine 100-minute sessions. Prior to and 

after the implementation, we collected data using open-ended assessment tasks. 

Additionally, we conducted follow-up interviews with a sub-sample of students. In 

this paper, we present data from two of the tasks that we used for assessing students’ 

appreciation of important epistemological dimensions of energy, which do not receive 

consistent attention in conventional teaching or assessment about this construct. These 

involve (a) the nature of energy as an invented construct and (b) its crosscutting and 

unifying nature. The empirical data suggest a marked improvement in students’ 

understanding for both ideas. 

Keywords: energy, conceptual understanding, epistemological dimensions of energy 

 

THEORETICAL BACKGROUND 

Teaching about energy in school science, constitutes a significant instructional 

challenge (Duit, 1987; Warren, 1982). This is directly related to specific 

characteristics of energy as a construct. Some of these characteristics include its 

abstract nature and its transphenomenological character, in the sense that it cannot be 

reduced to a single domain, such as mechanics. A third characteristic refers to the fact 

that it does not carry kinesthetic content and it does not lend itself to an operational 

definition (Sexl, 1981). These characteristics tend to complicate attempts to introduce 

and elaborate energy in school science in a manner that is both accessible to students 

and also epistemologically coherent.  

Existing research on teaching and learning about energy has demonstrated students’ 

lack of conceptual understanding about energy. One of the main findings relates to 

students’ inability to appreciate the abstract nature of energy or their tendency to 

consider it as an exclusive property of living bodies (Solomon, 1985). An additional 
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finding refers to their tendency to use the term in a rather loose manner without 

sufficient differentiation from other concepts such as power, heat or electricity 

(Meltzer, 2004; Loverude et al, 2002; Trumper, 1997; Kesidou & Duit, 1993; Lawson 

& McDermott, 1987; Driver & Warrington, 1985).  

Throughout its historical evolution as a construct of science, energy has acquired 

certain epistemological dimensions. The most important of these include its unifying 

and crosscutting nature. The ability to conceive of energy as a unifying construct that 

transcends individual domains has been of paramount importance to the 

conceptualization of energy. Another important epistemological aspect of energy, 

which essentially applies to any concept of science, relates to its invented nature. We 

take the perspective that helping students appreciate such epistemological dimensions 

of concepts, is a worthwhile learning objective that could usefully complement the 

typical conceptual elaboration of those concepts. Indeed, in the case of electric 

circuits this coupling may lead students to not only be able to competently analyze the 

operation of circuits through the application of appropriate conceptual models, but 

also to develop some understanding about the nature of the ideas involved in these 

models (e.g., appreciate that electrons do not correspond to observable, macroscopic 

physical entities and that electric current is a model rather than an observable 

process).  

While coupling epistemic discourse with conceptual elaboration could be helpful for 

supporting students’ understanding for essentially any concept, it seems that there is 

an added advantage in the case of energy. In particular, it could provide a means to 

address the well documented instructional challenge (Doménech et al., 2007) 

associated with introducing and elaborating this abstract and purely quantitative 

construct in school science. Conventionally, teaching about energy has drawn on 

conceptually-oriented approaches (e.g., energy as the ability to do work). These, 

however, have not been productive in terms of enabling students to formulate a 

coherent response to the question “what is energy, why is it useful and how do we use 

it in science?” (Driver & Warrington, 1985; Solomon, 1985). As an alternative to this, 

we propose shifting towards a philosophically-informed perspective. Rather than 

pursuing energy as a physical quantity we suggest elaborating it as a theoretical 

framework for analyzing systems. In brief, this approach begins with the idea that, in 

science, we formulate theoretical frameworks so as to account for observations and 

that this involves inventing and elaborating mechanisms. Once this idea has been 

sufficiently explored, energy is then introduced as a theoretical framework that has 

been invented in science so as to enable the unified analysis of the operation of 

diverse physical systems. The emphasis is then shifted to the gradual elaboration of 

this framework, through the introduction of the various features of energy (i.e., 

transfer, form conversion, conservation and degradation) and its application for the 

qualitative analysis of systems. We have developed an activity sequence along this 

line and in this paper we report on its enactment with a group of high-school students.  

 

OVERVIEW OF THE ACTIVITY SEQUENCE 

The activity sequence involves three main parts. The first pertains to the nature of 

energy as a construct. The activities included in this section are framed in a 

philosophically-oriented context and are intended to address certain aspects of NOS 

that could facilitate the discussion about the nature of energy (e.g., distinction 

between observation and inference and appreciation of the role of creativity in 
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science). The second section addresses the value of energy in science and, more 

specifically, its ability to unify the analysis of changes occurring in different systems. 

Finally, the third section includes the elaboration of energy as a theoretical framework 

for analyzing changes in physical systems, through the gradual introduction of the 

various features of energy. Care is taken to highlight the contribution of these features 

to the explanatory power of the theoretical framework. Specifically, we would like 

students to appreciate that energy transfer and transformation can be used for the 

interpretation of changes in systems whereas conservation and degradation enable 

predicting changes that cannot occur or are very likely to occur, respectively.  

 

RESEARCH QUESTIONS 

The activity sequence was developed by the Learning in Science Group, to integrate 

the properties of energy in a coherent framework for the analysis of changes in 

physical systems. In addition, it was implemented and iteratively refined with groups 

of elementary students and pre-service teachers. 

In this work, the aim was to revise teaching materials to meet the needs and match the 

characteristics of high school students and empirical investigation of what high-school 

students can achieve after their interaction with the teaching materials in 

understanding the epistemological dimensions of energy. 

Specifically we would like to answer the following research questions:  

1. To what extent do high school students appreciate the transphenomenological 

and unifying character of energy? 

2. To what extent do high school students appreciate the nature of science as an 

invented construct for the interpretation of diverse phenomena?  

3. To what extent is it possible to help students improve their understanding of 

those ideas through the implementation of this teaching approach?    

 

METHODS 

The teaching/learning materials have been implemented in the context of a physics 

summer school. The teaching intervention lasted nine 100-minute sessions and 

participants were 45 high-school (aged 16-17) students. None of the participants had 

received any special instruction about energy prior the study. One point that has to be 

noted is that students attended the physics summer school during their holidays. Thus, 

it could be argued that they were highly motivated students with a special interest in 

physics. 

Prior to and after the teaching intervention we assessed for learning gains with respect 

to the targeted learning objectives through a number of open-ended tasks. In this study 

we focus on the results that emerged from two of the tasks (Figures 1 and 2) that we 

used to assess students’ understanding of the transphenomnological/unifying nature of 

energy and the nature of energy as an invented construct, respectively. Each student 

responded individually, while 40% of them also participated in follow-up interviews. 

During the interviews, the researcher had the opportunity to ask clarifying questions 

about the participants' answers for the assessment tasks. 
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Participants’ responses were exposed to content analysis (Weber, 1985). Each 

response was carefully reviewed and they were progressively organized into 

categories, intended to capture the qualitatively different ways of reasoning about 

each task, at the collective level. Throughout the data analysis process, the authors 

had regular meetings intended to facilitate consensus on how to describe the data and 

to gradually develop and refine a categorization scheme for each task.  

 

Below you can see three systems each depicting a specific change. 

System 1: A ball collides on a 

second ball, which starts moving 

System 2: A spoon is 

placed in hot water 

and its temperature 

increases 

System 3: Once the circuit 

is completed the lamp 

starts glowing 

  
 

1a. Offer an interpretation for why the second ball starts accelerating. 

1b. Offer an interpretation for why the temperature of the spoon increases. 

1c. Offer an interpretation for why the bulb starts glowing. 

2. Come up with a single interpretation that could account for all three changes in 

unison. If you believe that no such interpretation exists, state it explicitly and justify 

your reasoning.  

Figure 1. Assessment task I 

 

Focus of the task Outline of the task 

Appreciation of energy as an 

invented idea rather than an 

observed entity residing in the 

physical world 

Students are confronted with a fictitious dialogue 

between two students and are asked to judge the 

positions expressed. The first student, whom we 

would like students to agree with, specifies that 

energy might have been invented by scientists, 

who may have not observed it directly, so as to 

facilitate interpreting natural phenomena. The 

second student states that the scientists who firstly 

introduced this term should have somehow 

observed energy, since they always talk about 

things they observed. 

Figure 2. Assessment task II 
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RESULTS 

Assessment task I: crosscutting/unifying nature of energy 

Students’ responses to the first probe were clustered into four main categories (Table 

1). The first category, which happens to be the most appropriate one, includes the 

responses that drew on the idea of energy transfer or form conversion whereas the 

second category includes the responses that referred to energy in a vague manner. The 

third category includes the responses that drew on constructs of physics other than 

energy, like force, heat and electricity. Finally, the fourth category includes responses 

that were not embedded in the conceptual framework of physics; rather, they 

attributed the changes to individual physical objects or observable physical processes 

taking place in the systems of interest.  

Before the teaching intervention, 69% of the participants did not refer to the energy of 

the system in their response, even though they knew that the assessment task was 

administered in the context of a teaching module on energy. However, this is not 

surprising provided that the three systems are embedded in three distinct 

phenomenological domains that are treated as separate units in conventional school 

science (force and motion, heat and electricity and electric current) at school.  

After the teaching intervention, there was an increase in the percentage of students 

who were in position to formulate energy-based responses. Specifically, 86% of the 

students formulated an energy-based response and 82% of those students could draw 

on either the feature of energy transfer or form conversion in a valid manner. This 

provides an indication of increased appreciation of the transphenomenological nature 

of energy. 

 

Table 1  

Students’ responses to the first probe of assessment task I 

 

  

 Categories Pre Post Quotes 

1 
Energy-based responses drawing on the 

idea of energy transfer / form conversion 

39 

(30%) 

94 

(82%) 

“The second ball started moving 

because there was transfer of energy 

from the first ball” 

2 
Energy-based responses: vague reference to 

energy 

1 

(1%) 

4 

(4%) 

“Because of the force exerted by the 

first ball and because of kinetic energy” 

3 
Responses drawing on constructs of physics 

other than energy 

72 

(56%) 

11 

(10%) 

“The force exerted during the collision 

causes the ball to accelerate” 

4 Phenomenologically-oriented responses 
17 

(13%) 

5 

(4%) 

“The ball started moving because it was 

pushed by the second ball.” 

 Total 129 114 
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Table 2 summarizes the distribution of responses of students in four categories for the 

pre and post assessment tasks, in the case of the second probe. The first category 

includes the responses that drew on the idea of energy transfer or form conversion 

whereas the second category includes the responses that referred to energy in a vague 

manner. The third category includes the responses which offered separate 

interpretation for each system and claimed that there is no unifying interpretation for 

such disparate systems. Finally, the fourth category includes responses that were not 

embedded in the conceptual framework of physics. 

Prior to the teaching intervention, 21 students (49%) were able to suggest an energy-

based interpretation that could be applied to all three systems but only 14 of them 

(33%) were able to apply it effectively. It is also important to note that prior to the 

teaching intervention, 10 students (23%) claimed that no unifying interpretation is 

possible for such disparate systems. In addition, 8 students (19%) attributed the 

changes to other observable physical processes. 

After the teaching intervention, there was a marked increase in the percentage of 

students who were able to provide an energy-based, interpretation for all three 

systems (90%) and a corresponding decrease in the frequency of the remaining 

categories. This provides an encouraging indication as to the improvement in 

students’ appreciation of the unifying nature of energy. 

 

Table 2 

Students’ responses to the second probe of assessment task I 

 

 

 Categories Pre Post Quotes 

1 

Energy-based responses drawing 

on the idea of energy transfer / 

form conversion  

21 

(49%) 

34 

(90%) 

“In all three cases there is energy transfer. 

From the first ball to the second, from hot water 

to the spoon and from the battery to the bulb. In 

the first case there is transfer of kinetic energy 

and in the second and third there is conversion 

of chemical energy into internal energy” 

2 
Energy-based responses: vague 

reference to energy 

4 

(9%) 

2     

(5%) 

“All relate to energy. The first case is about 

kinetic energy, the second and third relate to 

thermal energy” 

3 
Responses offering separate 

interpretation for each system 

10 

(13%) 
- 

“There cannot be only one interpretation. The 

first is about force, the second about heat and 

the third about electricity” 

4 
Phenomenologically-oriented 

responses 

8 

(19%) 

2     

(5%) 

“In all three cases, a change in the environment 

of one object has an immediate effect on another 

object” 

 Total      43 38 
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Assessment task II: invented nature of energy 

Students’ responses to the second assessment task were clustered into three main 

categories (Table 3). The first category includes the responses of students who stated 

that energy was discovered, whereas the second category includes the responses of 

students who stated that energy was invented. Each of the two categories was 

organized into three subcategories intended to capture the different ways of reasoning. 

Finally, the third category included the responses of students who did not stated 

clearly whether energy was invented or discovered.  

 

Table 3 

Students’ responses for assessment task II 

 Categories Pre Post Quotes 

1 Energy was discovered 
30 

(67%) 

3 

(7%)  

1a it has been observed 
19 

(43%) 
- 

“Energy already existed in 

nature. Scientists cannot invent. 

They discovered energy to find 

its usefulness” 

1b 
since it can be indirectly 

“observed” through its results 

2   

(4%) 
- 

“Energy is not observable, but 

we can see its results. It exists 

and it is not just a theory” 

1c 
scientists are not allowed to 

invent 

9 

(20%) 

3 

(7%) 

“In science there is no room for 

inventions. To interpret, 

scientists need to observe” 

2 Energy has been invented 
13 

(29%) 

37 

(91%)  

2a 

scientists invent 

ideas/constructs with the intent 

to facilitate the interpretation 

of unknown phenomena 

8 

(18%) 

23 

(56%) 

“Scientists did not observe 

energy, they invented it to 

interpret changes in physical 

systems” 

2b 
scientists have the right to 

invent 

4   

(9%) 

6 

(15%) 

“I agree with first student, since 

scientists can invent” 

2c it cannot be observed 
1   

(2%) 

8 

(20%) 

“We cannot observe energy, but 

its results. In science, ideas are 

invented” 

3 No response 
2   

(4%) 

1 

(2%) 

“Some interpretations are based 

on observations and others on 

inventions ” 

 Total  45 41 
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Initially, most students (67%) readily rejected the idea that energy is a human 

invention. The essence underlying the reasoning of most of these students was that it 

would not be reasonable to argue that energy has just been invented, since it actually 

explains why various phenomena that we observe around us, do occur. One difficulty 

that seems to be influencing the reasoning of these students is the confusion between 

the observation and interpretations. That is, participants often failed to distinguish 

between the observable phenomena and the (invented, unobservable) interpretation 

that could account for them. Only 13 students (29%) stated that energy is an invented 

construct. Eight of these students (18%) also alluded to the role of energy as an 

interpretive tool. 

Students’ responses changed substantially after the teaching intervention. The vast 

majority of students (91%) stated that energy has been invented and explicitly 

recognized that scientists are indeed allowed to invent entities, without having 

observed them, provided that these serve a productive role in enabling the 

interpretation of phenomena. This could be interpreted as a cue of increased 

appreciation, on behalf of the students, of the role of human invention in the scientific 

endeavour and to apply this to energy. 

 

CONCLUSIONS AND IMPLICATIONS 

The empirical data presented here suggest an improvement in students’ appreciation 

of the invented nature of energy and its unifying capability. Thus, they could 

substantially support and inform attempts to develop teaching materials for the 

preparation of effective learning environments for energy. We believe that addressing 

such epistemological aspects, which are usually neglected by conventional teaching, 

constitute significant learning objectives on their own right, and should be 

productively integrated in science teaching, so as to promote more holistic conceptual 

understanding (Papadouris & Constantinou, 2011; Constantinou & Papadouris, 2012). 

At the same time, we also hold that capitalizing on the epistemic aspects of energy 

could provide a productive way to go about addressing the instructional challenge 

associated with the teaching of energy.      

In addition, it could be argued that coupling the conceptual elaboration of 

disciplinary knowledge with discourse about its epistemological dimensions provides 

a powerful teaching approach. On the hand, it enables the productive integration of 

Nature of Science (NOS) in science teaching, while, on the other, it can possibly 

strengthen students’ understanding of science content.  However, further empirical 

research is needed to substantiate this claim. 
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CRUCIAL ASPECTS OF THE MATHEMATICS-PHYSICS 

RELATIONSHIP IN ELECTROMAGNETISM 

 

Gesche Pospiech1, Markus Hartlapp1 

1TU Dresden 

 

Abstract: The symbiosis of mathematics and physics shows itself throughout physics 

in an interplay of formal representation and its physical interpretation. During the 

search for the reason of success of this extraordinary interplay there have been 

different criteria for judging the appropriateness of mathematical structures in a 

physical context, among them e.g. their beauty or elegance. However, from an 

educational perspective there arise additional viewpoints and arguments, leading to 

different criteria. We will discuss the general possibility of having different 

mathematical representations for one single physical construct and the corresponding 

interpretations, especially in relation to possible intuitive concepts of students. We 

apply the chosen criteria to a specific example, the derivation of electromagnetic flux 

represented by the Poynting vector. This example is chosen because the possibility of 

different gauges allows to a certain degree for the free choice of a mathematical 

expression. Several gauges are then compared with respect to their interpretation in 

concrete physical situations and intuitive images of students concerning the question, 

where and how the energy flows? The visualization of the formula for the energy flux 

helps in clarifying the main characteristics of two different example gauges. It is 

shown that the standard choice is the most simple from a mathematical point of view 

but shows some drawbacks from a physical perspective as well as from the learners 

view point. There are other gauges showing greater coherence in the physical 

interpretation and corresponding better to preconceptions of learners. In the end it is 

seen that there is no unique answer which mathematical expression might be correct, 

neither from the mathematical nor from the physical perspective. Implications for 

learning about the nature of science are being discussed. 

Keywords: mathematics, electromagnetism, Poynting vector, physics education, 

visualization 

 

INTRODUCTION  

The symbiosis of mathematics and physics shows itself throughout physics. Famous 

is the saying of Wigner about the "unbelievable effectiveness" of mathematics in 

physics. This citation only presents a mere spotlight onto the complicated and rich 

interrelationship between physics and mathematics reaching deeply into the structure 

of physics. Physical theories need explicit axioms in order to fix the relation of 

physical objects to the mathematical formulation as e. g. for Newtonian mechanics as 

well as for quantum theory. These axioms give hints to the physical interpretation of 

mathematical constructs in the given theory, which also has to have a relation to what 

is regarded as physical reality.
 
(We do not want to go into a discussion of what ―physi-

cal reality‖ is, but assume here an intuitive physicist understanding of this term. ) 

Besides the transformation of physical concepts into formal, mostly algebraic, 

formulation also visual elements may play an important role as e. g. the Feynman 
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graphs or field lines. Those provide the basis for intuitive images or mental models 

for physicists and as well for learners. It is known that the learners in learning 

physical concepts intuitively build a mental model of the processes or objects 

involved. These mental models are informed by different sources, including the 

visualization by pictures as well as own preconceptions and guide the construction of 

new knowledge. From an educational point of view the connection between mental 

models of concepts, an intuitive visual imagination, graphical mathematization, and 

algebraic formulations is quite important for the understanding of physics, (see 

Gooding 2006 for a historical perspective on Faraday's work). With the example of 

electromagnetism several critical aspects of the relationship between mathematics and 

physics will be discussed from an educational perspective.  

 

GENERAL FRAMEWORK 

Concerning the role of mathematics in physics different aspects can be identified, 

which describe their interplay more precisely, (Krey (2012), Uhden et al (2012), 

Pietrocola (2008)). The structural aspect describes how mathematics can provide 

structures that help in recognizing analogies or structures in physical contexts or give 

rise to new discoveries. In the modeling aspect the way goes from the physics to the 

abstract formalism of mathematics via the processes of ordering, systematization and 

idealization. It presupposes the transition from the real world phenomena to the 

physical model with the use of physical concepts which in turn have to be transferred 

into mathematical language or even are deeply connected to mathematical structures. 

Both these aspects focus on the back and forth translation between mathematics and 

physics and have a strong conceptual component. The mathematical representations 

then also serve as a language, facilitating the communication, e.g. by drawing quick 

graphs or referring to a formula. The aspect often considered as most important is the 

tools aspect, where mathematical techniques or algorithms are used for evaluating or 

predicting the results of experiments or processes. Whereas the tools aspect often is in 

the foreground in the context of teaching the underlying structural and conceptual 

viewpoints are mostly neglected.  

The complexity of the process of mathematization has been analyzed by Uhden et al 

(2012) in a model of the physical-mathematical interplay. In this model a strong focus 

lies on the interpretation of mathematical constructs within a physical context, which 

is important for giving meaning to algebraic terms and hence for learning. Another 

approach is provided by the multiperspective modeling (Böhm et al, 2010) strongly 

taking into account the learning process and the construction of didactic scientific 

models. Each learner (and each physicist) builds an own mental model of the physical 

processes involved. On the other hand the translation of the physical processes into 

mathematical language also represents a more or less explicit model. The back 

translation from the mathematical formulation into physical processes might reveal 

additional structures or perspectives, so the translation process mirrors the connection 

between a physical object and its mathematical representation and might not be 

unique. So the appropriateness of a mathematical description and its physical 

interpretation can only be judged in the context of a model or theory – both in a 

scientific and in a learning environment. It may depend on the mathematical 

description if the learners' mental models about physical concepts can be viewed as 

correct. Hence the question arises, in which sense physical interpretation, 

mathematical description and intuitive concepts do fit together.  
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This problem surely can be approached in different ways depending on the purpose of 

the model used and the subject area. In order to do so, there have to be criteria for 

choosing a mathematical representation in a physical context. There are criteria from 

different perspectives: 

1. Simplicity, beauty or elegance of the mathematical expression, which some 

physicists explicitly deemed quite central, (see e.g. Heisenberg, 1971).  

2. "Reality" of the mathematical term, in the sense that the corresponding 

physical quantity can be uniquely defined and measured. In this sense e. g. the 

electromagnetic potential would not be "real" as it is not uniquely determined 

by the mathematical formalism but dependent on gauge transformations. 

3. Possibility of an interpretation compatible to intuitive learner concepts, as 

might be suitable in an educational context. 

In order to be concrete and give an impression of the span of possible answers we 

concentrate on the example of flux of electromagnetic energy which will be discussed 

from the content and from the educational perspective. Here we stumble upon the 

difficulties of deciding which mental model of a mathematical description of a 

physical model is correct.   

 

THE PHYSICS – MATHEMATICS RELATIONSHIP IN 

ELECTROMAGNETISM 
In electromagnetism we speak about electric charges, current, voltage, electric and 

magnetic fields and potentials. These terms give rise to different students' alternative 

concepts. Overall mostly the meaning of ―electricity‖ remains ambiguous, (Shipstone 

et al, 1988). A common notion among learners is that electricity (current) is used up in 

the bulb (device in the circuit) or that in the bulb an ―electric conflict‖ arises. In 

general, there is only a weak distinction between electric current and electric energy. 

The special aspect of energy transport gives rise to different ideas: As electromagnetic 

waves travel with the velocity of light, some students think that the electrons in a 

wire, forming the current, transport electric energy and hence also have light velocity. 

But by learning that electrons have a small velocity in the wire, the problem is where 

and how the energy transport takes place: In the wire or in the open air? How is the 

energy transport connected to the electric current? Which notion is more intuitive to 

learners and at the same time correct?  

So the question arises whether the mathematical description of this physical process 

can provide a unique and satisfying answer. Can it give support in teaching the 

transport of electromagnetic energy?  

 

The mathematical formalism 

All phenomena in electromagnetism are governed by the Maxwell equations, which 

also incorporate local gauge invariance, meaning that the electromagnetic potentials 

can be adapted to special perspectives as e. g. Coulomb gauge or Lorentz gauge. 

As is well known the fields E, B, D, and H are observables and hence have to be 

uniquely determined. The potentials f and A (vector potential) however are not 

uniquely determined, but can be changed because of the gauge invariance of the 

Maxwell equations.  
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Furthermore conservation of energy as one of the cornerstones of physics has to be 

taken into account. Both elements together result into the description of energy flux 

between systems and imply the continuity equation for electromagnetic energy: 

Ej=S+
t

w 





 

where w is called the energy density and S the energy flux. Both quantities change by 

gauging in an analogous way as the potentials. Here we see that the derivation only 

determines the divergence of S. Nonetheless, also S is ascribed a direct physical 

interpretation. 

The standard representation of S is by HE=S  , the well-known "Poynting vector", 

representing the transport of electromagnetic energy in connection with 

electromagnetic waves. The energy density is accordingly represented 

by  BH+DE=w 
2

1
.  

The motives for Poynting in establishing these expressions were:  

“Formerly a current was regarded as something traveling along a conductor, 

attention being chiefly directed to the conductor, and the energy which 

appeared at any part of the circuit, if considered at all, was supposed to be 

conveyed thither through the conductor by the current.” and “The aim of this 

paper is to prove that there is a general law for the transfer of energy, 

according to which it moves at any point perpendicularly to the plane 

containing the lines of electric force and magnetic force,..” (Poynting, 1884) 

Poynting had physical arguments: Electric and magnetic fields are central to inductive 

phenomena, which are transmitted without wire. Furthermore, as energy moves 

continually it has to be contained also in the surrounding medium. Also the energy- 

work relationship should be valid in electromagnetism.  

If we analyze these expressions in the light of the criteria 1 – 3) from above, we come 

to the following conclusion: From the mathematical perspective the Poynting 

expression for S satisfies the required equations and at the same time is simple and 

elegant, therefore the first criterion is clearly fulfilled. Concerning the ―reality‖ 

(second criterion) the expression only includes the observable fields E and H.  

However, in the case of static fields there is a counterintuitive circular energy flux and 

in a closed circuit the energy flows in the open, which contradicts all intuitions (also 

of a physicist). If the Poynting vector is applied only to electromagnetic waves, the 

assumed general validity would be contradicted. So the second and third criterion are 

not fulfilled.  

Seeking for a more satisfying solution of the third criterion other presentations of the 

electromagnetic energy flux were thoroughly discussed by Backhaus (1993). The 

possible way is in using the gauge invariance and modifying w and S, since only 

t

w




and S are uniquely determined by the formalism. Besides two other possible 

choices (Lai, Hines, for a presentation see Backhaus 1993) we will discuss in more 

detail the proposal given by Backhaus (1993). It will be shown that the Poynting 

choice as well as the Backhaus choice have their advantages and disadvantages. 

Always one of the above mentioned criteria is violated at least to a certain extent. 
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The Backhaus-Flux  jDDHAHASB









 

2

1
 is obviously 

violating the criterion of simplicity, at least for the time dependent case. But in the 

physical interpretation it has some interesting features: in the static case there is no 

energy flux which corresponds to the natural physical model, therefore satisfying 

criterion 3. In the stationary case of constant electrical and magnetic fields the 

expression reduces to the scalar potential times the current density jΦ=S B


0, , 

corresponding to the intuitive image of learners that the energy transport is connected 

to the electrical current. However, this expression includes the not directly observable 

scalar and vector potentials, therefore violating criterion 2 (―reality‖). 

 

Visualization and interpretation  

This situation suggests that there are better choices than Poynting's for the 

mathematical description of energy flux in the sense that they correspond better to 

intuitive images. The Backhaus picture excellently suites the intuitive images of the 

energy transport in concrete problems of electricity such as Ohm resistance, capacitor 

and other examples (Hartlapp, 2012).  

One naturally arising question in physics lessons could be, how the energy comes to 

the light bulb in the ceiling when closing the switch at the wall. In the Poynting 

picture this question is not easily answered. In the Backhaus picture it is clear that 

there is an energy flux depending on changes in the magnetic and electric fields 

during the switching-on which reduces after a short time to the stationary case, when 

the energy goes with the current. 

A second example of relevance for physics lessons is the Ohm resistance. In the 

closed circuit the Backhaus energy flux flows inside the wire and is converted to heat 

inside the resistance. Whether the energy flux stops already in the resistance itself 

depends on the details of the transformation (Hartlapp, 2012).  

 

Figure 1. Poynting and Backhaus flux. The left picture is taken from Galili & 

Goihbarg (2005), representing the Poynting picture of electromagnetic flux, the right 

picture shows the electromagnetic flux after Backhaus (1993) in the case of Ohm 

resistance. E represents the electric field, B the magnetic field, S the Poynting vector, j 

the electric current density. 

j⃗ j⃗

j⃗
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The Poynting energy flux would flow outside the wire until it reaches the resistance 

from both sides and then causes kind of an electrical conflict inside the Ohm 

resistance, (see Figure 1, Galili & Goihbarg, 2005). In this case therefore the 

Backhaus energy flux coincides with the usual physical models to a bigger extent than 

the Poynting energy flux. The Poynting energy flux would support the intuitive 

learners image of ―electrical conflict‖ in quite a strange way.  

 

CONCLUSION 

Teaching physics has to be aware of the physical processes, the interrelationship with 

its mathematical description and intuitive images of students. The presented example 

shows the non-uniqueness of mathematical representations and the difficulties of their 

interpretations, including the interference with intuitive images of learners. In the 

presented example we see that a physical object, the energy flux, seemingly clear 

from the first is not so easily interpreted in a unique way, in a realistic and intuitive 

manner.  The possibility of a gauge opens the way to many different representations 

corresponding to different mental models. Some the well known students' concepts 

often judged as wrong, can be justified in a suitable gauge. This means that the 

mathematical formalism may allow for different physical interpretations in the same 

framework. So despite concrete mathematics it cannot be decided upon a correct 

image or mental model. The possible representations of a physical quantity – in this 

example the electromagnetic energy flux – give rise to different visualizations. This 

might be not very satisfactory from the point of the want of a unique answer, but it 

has important didactical implications. The gain consists in rising awareness that doing 

physics always means making a mental model of the world which might differ 

between different people. The described possibilities of interpretation imply that 

mental models of students which are strange at the first glance could well have a 

rigorous mathematical justification. So in the described situation there are no right or 

false answers but only more or less appropriate images and visualizations. This can be 

an essential hint in teaching the nature of physics and especially the interrelationship 

of mathematics and physics.   
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INTERPRETING STUDENTS’ ERRORS:  
EXAMPLES FROM ELECTROSTATICS 

 

Paula Heron and Ryan Hazelton 
University of Washington, Department of Physics, Seattle, USA 

 

Abstract: It has long been known that students’ attempts to integrate the concepts of 
physics with their prior experience and formal instruction often give rise to distinct 
incorrect responses to certain types of questions.  Robust patterns of errors emerge 
whether or not students have had prior exposure to the topics.  Efforts to interpret 
these errors often invoke theoretical entities, or at least link them to more general 
patterns that prevail across different contexts.  In this presentation, examples from an 
investigation of student learning of electrostatics (the study of charges at rest) are 
offered as illustrations of contemporary discipline-based research on student 
understanding and of the variety of ways in which student errors can be interpreted.   
Keywords: electrostatics, conceptual understanding, university teaching, physics 

 
INTRODUCTION AND THEORETICAL FRAMEWORK 
At the University of Washington (UW) we are investigating the role of electrostatics 
as a conceptual foundation for electrodynamics.  Previous studies have suggested that 
difficulties with the former may inhibit learning of more advanced topics (e.g. 
Guisasola, Zubimendi & Zuza, 2010).  This paper focuses on the relationship between 
electric potential and the distribution of charges on macroscopic objects (Hazelton, 
Stetzer, Heron & Shaffer, 2013).   
The overall project follows a long tradition of designing, implementing and assessing 
instructional interventions in an iterative cycle.  Broadly speaking, this work falls 
within a framework of educational constructivism (Driver & Erickson 1983, 
McDermott 1990, Ogborn 1997).  More specifically the study is situated within the 
body of research that attempts to describe and explain a well-known phenomena: the 
occurrence of robust patterns of incorrect responses to questions that require 
qualitative reasoning (see Brown & Hammer, 2008 for a review).  However, we take 
no particular stance on conceptual change.  We use the term conceptual difficulty to 
refer to underlying patterns of thought that differ from those accepted in the physics 
community and that are sufficient to explain the incorrect responses (Heron, 2004).  
Conceptual difficulties are not necessarily “misconceptions,” a notion that attributes 
theory-like breadth and stability to students’ ideas.  More specifically, we 
acknowledge that errors can arise from a number of sources.  The deployment of an 
unsuitable resource (Hammer, 2000).  Generally speaking, a resource is cognitive unit 
of smaller grain size than a misconception that is not neither correct nor incorrect 
until applied in context.  DiSessa’s (1993) phenomenological primitives (p-prims) are 
one type of resource.  Errors can also stem from an inappropriate  assumption about 
the type of reasoning necessary (e.g., Kryjevskaia, Stetzer & Heron, 2013) or from the 
failure to differentiate concepts, etc.  Further we do not assume that a student’s stated 
reasoning for answering a question in a particular way reflects the actual thought 
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process that led to the formation of the answer.  Therefore we employ multiple 
questions and multiple lines of analysis to reach conclusions. 

The perspective outlined above suggests that it is critical to explore students’ ideas at 
the outset of instruction, during instruction and after it has been completed.  This 
allows us to assess the incoming knowledge of students to try to tailor instruction to 
build on, redirect, or challenge their initial ideas.  By following the evolution of 
knowledge, we can understand better why instructional interventions do or do not 
work, and gauge how initial knowledge is impacted by formal instruction.  
Experience suggests that many conceptual difficulties arise in the course of 
instruction as students try to make sense of what they are being taught in the context 
of what they already know.  Finally, assessing student’s abilities to apply what they 
have been taught allows us to identify especially persistent conceptual difficulties.   

 
RESEARCH QUESTIONS  
In this paper we discuss an examination of students’ understanding of specific aspects 
of electric potential after they have completed formal instruction of a traditional 
nature.  (The instruction they received is discussed further below.)  The tasks 
discussed below were designed to help answer the following research questions: 

- After instruction, are students able to draw inferences about the electric 
potential at points on or near macroscopic objects?   

- What errors arise when students attempt to do so? 

- What is the source of these errors? 

 
INSTRUMENTS AND METHODS 
To begin to construct a detailed picture of student thinking we posed questions that 
require qualitative reasoning.  The three written questions presented below were each 
given to more than 200 students.  In all cases, students were asked to explain their 
reasoning.  Qualitative and quantitative methods were used to analyze the responses.  
Qualitative analysis is intended to gain insight into the reasoning patterns that 
students employed to arrive at their answers and to develop hypotheses about the 
underlying causes of incorrect responses.  In the present phase of this study, 
quantitative analysis is intended primarily to gauge the prevalence of certain thought 
patterns, not to make comparisons or inferences about the larger population from 
which the students are drawn.  All responses obtained were coded by the same 
investigator, then re-coded twice more to ensure consistency between coding 
categories. Codes were ultimately collapsed into correct, incorrect, and ‘other’ 
categories (other represented responses with unclear or missing reasoning, typically 
under 15%). 
Question 1: Students are told that a metal sphere is connected to ground through an 
ammeter.  A charged rod is brought close to the sphere, and the ammeter is observed 
to deflect during this process.  (See Figure 1).  Students are asked whether the sphere 
is at a higher than, a lower than or the same potential as ground while there is a 
current through the ammeter.   
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The correct answer is that the sphere is at a higher potential than the ground.  One 
explanation is that positive charge (conventional current) flows in the direction of 
decreasing potential, so the ground must be at lower potential than the sphere. 

 
 

 
 

 
 

 
Figure 1.  Figure shown to students as part of Question 1. 

Question 2: In part (a), students are shown two metal spheres connected by a 
conducting wire.  They are told that a charged rod is held stationary near one of the 
spheres, and whether the right sphere is at a higher than, a lower than or the same 
potential as the left sphere.  (See Figure 2.) In part (b), the wire is removed, and 
students are asked again to compare the potentials of the spheres.  (They are told to 
imagine that no charges move when the wire is removed and that no other changes 
occur in the system).   

The simplest answer to part (a) is that since the spheres are electrically connected they 
can be considered as a single extended conductor.  Thus the potentials are the same.  
To answer part (b), students should recognize that since no charges have moved, the 
electric potentials at every point will be the same as before the wire was removed.  
Thus, the potential of each sphere is unchanged. 

 
 
 

 
 

 

 
Figure 2.  Figures shown to students as part of Questions 2 (a) and (b).  

Question 3:  In part (a), students are shown a point charge next to a grounded metal 
sphere.  They are told the system has been at rest for a long time, so no charges are 
moving.  (See Figure 3.)  They are asked whether the surface of the sphere is an 
equipotential.  In part (b) the metal sphere is replaced by an identical plastic sphere.  

A

Question 1: When a positively charged rod is brought near a 
grounded sphere, the ammeter is observed to deflect.  While it is 
deflected, how does the potential of the sphere compare to that of 
the ground?

Question 2a: What is the potential difference between points A 
and B on the two spheres?

Question 2b: What is the potential difference between points A 
and B on the two spheres? (No charges flow when the wire is 
removed).
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Students are told to imagine that the plastic sphere has the same charge distribution as 
the metal one.  They are then asked whether the surface of the plastic sphere is an 
equipotential.   
Since the sphere is a conductor in static equilibrium, the electric potential between 
any two points is zero, and so it is an equipotential.  Since the surface of the metal 
sphere was an equipotential and the charge on the plastic sphere is the same (and no 
other changes have been made), the surface of the plastic sphere is also an 
equipotential. 

 

 
 

 
 

 

 
Figure 3.  Figures shown to students as part of Question 3 (a) and (b).  

 
CONTEXT 
The participating students were enrolled in introductory physics at UW.  Most (about 
70%) are engineering majors; the others are a mix of physics, mathematics, chemistry 
and computer science students.  They were given the questions as part of their normal 
instruction.  The online quiz in which the questions were included was ungraded, 
although students were given points for participating.  

Prior to being asked these questions, students had completed instruction that included 
the following points: (1) the potential a distance r from a point charge Q, V(r), is 
given by the familiar Coulomb potential, V(r) = kQ/r (where k = (4πε0)-1 and V(r = ∞) 
= 0); (2) in the presence of multiple point charges, the potential is obtained by 
integrating the previous expression over the exact charge distribution (therefore Q 
cannot be interpreted as the net charge on a macroscopic object); (3) positive charges 
move spontaneously toward points of lower potential; and (4) a conductor whose 
charges are at rest is an equipotential (i.e., its charges are arranged such that the 
potential has the same value at all points on or in the conductor).  It is implied, if not 
always stated explicitly, that the potential is fully defined by the charge distribution 
without regard to how it came to be.  

Question 3a: Is the surface of the grounded metal sphere an 
equipotential?

Question 3b: The metal sphere is replaced with an insulating 
sphere with the same charge distribution.  Is the surface of the 
sphere an equipotential?

-

- -
-
-
-

-

---
-

-

+Q

-

- -
-
-
-

-

---
-

-

+Q
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RESULTS  
The results are summarized in Table I, which shows the percentage of students who 
gave the correct answers to a given question.   
 

Table 1.  
Percentage of correct, incorrect, and other (non-codeable) answers.  All percentages 
are rounded to the nearest 5%. 

 Correct Incorrect Other 

Question 1 15% 60% 15% 
Question 2a 55% 40% 5% 

Question 2b 25% 70% 5% 
Question 3a 30% 55% 15% 

Question 3b 10% 80% 10% 
 

Question 1.  As shown in Table I, only 15% of the students answered correctly.  
About 60% recognized that the sphere would acquire a net negative charge, but 
claimed it is therefore at a lower potential than ground, as if it were a negatively 
charged particle.  About half of the explanations referred to the net charge on the 
object: “…electrons are coming into the sphere.  Thus it [the potential] is negative 
because the sphere is negatively charged.”  

Question 2: Students were more successful in answering Question 2.  For part (a), 
about 55% gave the correct answer.  Many of those who answered incorrectly (about 
25% of the total) claimed that the right sphere would be at a lower potential than the 
left because it is negatively charged.  Another 15% claimed that the left sphere would 
be at a higher potential, because it is nearer to the positively charged rod.  For part 
(b), about 25% gave the correct answer.  Even many of those who recognized that the 
two spheres were at the same potential in part (a) claimed that “they don’t have the 
same potential anymore since they are not connected.”  

Question 3.  Only 30% of the students answered part (a) correctly, and of those, only 
40% answered part (b) correctly.  About 70% of cited the material of which the 
spheres were made, or the circumstances that led to the charge distribution on the 
surface of the metal sphere.  Typical explanations were “The charge is all on one side, 
so the sphere isn’t an equipotential.  Plastic can’t [be an equipotential] unless it’s 
uniformly charged.”   

The errors made by students can be viewed as the result of one (or more) of the 
following tendencies: (1) inappropriate application of the formula kQ/r; (2) failure to 
consider the entire system in assessing the potential of part of the system; (3) failure 
to associate electric potential with charge distribution; and (4) assumption that only 
conductors can be equipotentials.   

Inappropriate application of the formula kQ/r;  
Responses to question 1 in which students claim that the sphere is at a negative 
potential often contained references to V being equal to kQ/r and Q being negative.  
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On question 2a, students also seemed to associate the potential of the sphere solely 
with the charge on it.  About 25% of the students stated that the potential of the right 
sphere would be lower than that of the left sphere, because the right sphere would be 
negatively charged. 

Failure to consider the entire system in assessing the potential of part 
of the system 
As mentioned above, about 15% of the students on question 2a stated that the right 
sphere would have a greater potential than the left, since it was closer to the 
positively charged rod than the left sphere.  We have seen similar responses on many 
other questions, for example, when students are asked about the electric field near an 
object or are asked about the potential difference between two objects.  In each case, 
many students seem to focus on only a part of the system, and not consider all the 
objects which make up the system.  The 15% of students mentioned in this paragraph 
are only considering the charged rod and ignoring the two spheres; the 25% who 
answered 2a by saying that the left sphere is at a lower potential because it has a 
negative charge were considering the two spheres only and apparently ignoring the 
charged rod.   

Failure to associate electric potential with charge distribution 
Very few students mentioned the case before the wire was removed.  We had thought, 
when we wrote the question, that the difficulty of the problem would be offset by the 
cue given in the problem statement that the distributions of charge were identical.  
However, very few students recognized this fact.  We have seen similar phenomena in 
student responses to many of the questions used in the course of this investigation.  
The questions that involve a change to the system often seem to be very difficult for 
students.  Question 3, in which the charge distributions on the spheres are the same, is 
another example.  To the students, the difference in using a conductor vs. an insulator 
appears to be significant.  

Incorrect assumptions about equipotentials 
In question 3, when students were asked if the surface of a grounded metal sphere is 
an equipotential surface, only 30% correctly answered that it was an equipotential.  
About 40% of the students thought that the sphere was not an equipotential because 
charges could flow between it and the ground.  One student stated that “the potential 
at the wire [where it touches the sphere] is different than the rest of the sphere 
[because] charge is flowing to or from ground.”  This is surprising, because about 
half of the 40% stated in their explanations that charge was not flowing to or from the 
sphere.  Students seemed to think the fact that charge could flow through the wire was 
more important than that the sphere was a conductor.  

The second part of question 3 was intended to explore if students could connect an 
equipotential to a charge distribution.  Since the charge distributions in both systems 
are the same, and the metal sphere is an equipotential, the plastic sphere should be as 
well.  Of the 40% who got the first question correct, only a quarter correctly answered 
the second question.  We have asked several other questions in a similar vein, and 
students have performed poorly in all of them. 

 Unlike in the case of potentials around an object, where students could use the 
familiar formula kQ/r, in the case of equipotentials students seem not to have an easy 
way to think about them.  When students were asked about the plastic sphere, nearly 
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70% of students said something similar to “The charge is all on one side, so the 
sphere isn’t an equipotential.  Plastic can’t [be an equipotential] unless it’s uniformly 
charged.”  The only variant of the question that most students correctly answered was 
a lone object with a uniform charge distribution. 

CONCLUSIONS  

Many responses reflected more than one of these tendencies, and in many students’ 
responses, one of these difficulties arose in part of a problem but not another.  As 
discussed above, we do not assume these difficulties represent firmly held beliefs and 
are therefore not tightly linked to hypothetical cognitive structures or processes.  
Instead this interpretation offers a basis for attempting to improve instruction.   

The interpretations we offer are sufficient to explain the data but by no means 
necessary for doing so.  At a general level, the most common errors can be interpreted 
as resulting from generalizing a relationship for a point charge to a macroscopic 
object or not generalizing a result for a conductor to an insulator.  These two 
tendencies are not surprising, and caution in assuming that a result that holds true for 
a conductor also holds true for an insulator is appropriate.  An interpretation that 
emphasizes tendencies in generalization permits link to certain common errors made 
in other contexts, and raises the possibility of making sense of this larger pattern.  
With an understanding of the criteria students use to decide which rules, laws, 
definitions, and procedures apply broadly and which do not, we will be in a stronger 
position to affect learning and teaching in general.  The finer-grained analysis also 
provides a starting point for topic-specific instruction that focuses not on students’ 
failure to absorb the desired lesson, but on their own ideas.   
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PCK IN PEDAGOGICAL COACHING: QUESTIONS AND 

NEEDS OF TEACHERS AND CONSEQUENT APPROACHES. 

Wim Peeters
1 

 
1
 PBDKO vzw, Belgium (Flanders) 

Abstract: The educational system permits teachers in Flanders to appeal for help and express 

needs to “pedagogical coaches”. Needs like “how to organize laboratory lessons with 

students?”, “how to assess lab work?”, and many others need to be tackled. The strategy that 

is being used aims at enhancing teachers’ competences to not only answer actual needs, but 

do it in a sustainable way. Chapter one of “Developing Practice, developing Practitioners”  

(Ball, D.L. , Cohen, D.K.,1999) and  “PCK and Science Education” (Magnussen, S., Krajcik, 

J., & Borko, H.,1999), reference works in research in PCK, are taken to compare and contrast 

research in education with the daily needs and questions of physics and science teachers in 

Flanders. 

The use of correct language in science is very important. Knowledge of Instructional 

Strategies is a key competence for teachers that are very strongly connected to Knowledge of 

Science Curricula. An Excel file is used as a tool that gives teachers a structure to align 

assessment with curriculum content, and the possibility to analyze for (some specific) 

learners’ result.  Knowledge of Students’ Understanding of Science can also be assessed in a 

formative way with a table of rubrics that describe more than 70 topics related to “research 

competences”. PCK aims merely on the individual teacher, and misses the dimension of 

groups of teachers of one school working together as a peer group of learning.  This is 

structurally implemented in most schools and the activities of these peer groups is subject to 

inspection by inspectorate. The conclusion of this study is that PCK dimensions are inherent 

to many questions of teachers, but that interconnections are present in very different ways in 

practice. Teachers’ and groups of teachers’ needs and questions “mix” PCK dimensions in 

such ways that creative coaching tools need to be developed. 

Keywords: pedagogical coaches, strategies, PCK, peer groups, quality 

INTRODUCTION 

Teaching requires a lot of competences. Continuous formation is necessary.  Since 

professional development requires a lot of time and effort, it is crucial that it is effective, 

motivating and sustainable. The PCK method states the need for learning by the teacher, 

connecting subject matter, pedagogical knowledge and knowledge on context (Ball, D.L. , 

Cohen, D.K., 1999), (Magnussen, S., Krajcik, J., & Borko, H., 1999). In Flanders school 

coaching organizations are embedded in the educational system. They are also responsible for 

coaching in service teachers. This presentation describes experiences with the coaching of 

mainly physics teachers of secondary education. Some examples will illustrate that PCK is 

needed for professional development, or, vice versa, that a teacher needs to evolve in PCK to 

cope with new challenges. The teachers’ individual progress should find support in a peer 

group embedded in the school organization, and should also be sustainable in time.  
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Figure 1 shows that in Belgium CPD is a professional duty and in practice a lot of it takes 

place at school. 

 

Figure 1. CPD “Duty” or “necessary for promotion” in European countries, according to the 

TALIS report.  

The TALIS report  of 2010 states that “Member States have agreed to work together on the 

following areas of teacher education policy. A continuum of teacher education: ensuring that 

provision for teachers’ initial education, early career support and further professional 

development is coordinated, coherent, adequately resourced and quality assured.”(TALIS, 

2010, p.13) 

 

Pedagogical coaches are external specialists who can do this CPD in situ. 

 

LANGUAGE 

The use of language in teaching has become more and more important. A lot of research 

revealed the necessity for specific attention to language focused teaching.  Also the study 

“Laaggeletterd in de Lage Landen” (Bohnenn et al, 2005) revealed that in Flanders 1 out of 7 

adults has a poor use of language and 42% of the adults do not have enough competence in 

Dutch language to participate as an adult in our knowledge society (Bohnen et al, 2005, p.10). 

The minister of education, alarmed by these numbers launched a project to enhance language 

competences in schools.  

The goals, based on difficulties were: 

- How can language competences be enhanced in schools? 

- What are specific competences that can be trained for? 

- What strategy can be used to reach the goals? 

This project aimed at stimulating schools to pay attention to language in general, but also to 

language in particular uses such as in specific disciplines like science. The teachers are the 

key persons to attain the goals.  Research reveals that three pillars: activity oriented learning, 

the use of relevant context and language support enhance language competences, as shown in 
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figure 2 (Hajer, M.,  & Meestringa, T., 2009). This is the case for all learners, but even more 

for the weak learners. 

 

 
Figure 2. Three legs of language support in all courses.  

In Flanders, this campaign to train science teachers in using language as a tool for better 

results of their students used this research as a guideline for in service trainings. 

 The teachers were informed on how to reorganize their lessons such that each of these pillars 

gets more attention: 

- interaction: this means, in short, more active learning with more talking of learners 

- context: this means that the lessons should link to the students’ daily life experience and 

recognizable, realistic situations  

- language support: the teacher must be aware of the limited vocabulary of the learner, in 

contrast with his use of sometimes very specific language and sometimes “common” words 

that need extra attention in science lessons (source, force, weight). Pedagogical coaches have 

given a lot of in service training on this issue, in many disciplines.  

 

Looking at figure 3 (Magnussen, S., Krajcik, J., Borko, H., 1999, p.99) it illustrates the need 

for “knowledge of students’ understanding of science” and “knowledge of instructional 

strategies”. In other words, teachers need to have pedagogical  knowledge, content knowledge 

and knowledge of context to be able to implement this course “how to use language more in 

your discipline”. In the field however, no research was done on the effects of this training. 

The structural format of the trainings leads to this kind of “one drop” intervention.  
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EVALUATION 

Inspectorate pays a lot of attention to validity and quality of exams. The school decides how 

to evaluate the learning goals set in the curricula. The goals use Bloom’s taxonomy to express 

levels of understanding. Hence, the verbs in the question of the exams should reflect these 

levels of understanding.  

Reports by the inspectorate (Flemish ministry of education, 2012), (Flemish ministry of 

education, 2013) are public and can be read on the ministry’s website. The problems teachers 

have can be detected analysing these reports. For physics in the region of Leuven for the year 

2011-2012 (last full year available) it appears that the main difficulties concern reaching 

curricula goals, especially the research competences, and evaluation while less comments are 

given on “peer group of teachers (of specific disciplines)”, didactics and teaching materials.    

On the whole of Flanders about 20% of inspected schools have an inadequate evaluation (no 

overall scientific analysis is available.  

Concerning evaluation, pedagogic coaches can solve the problem by introducing self-

evaluation tools for teachers. The following spreadsheet sums up all the content related 

 Figure 3. Teaching science incorporates much knowledge.   
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curriculum goals, one by one. By systematic comparing the questions of the exam with these 

curriculum goals teachers analyze their own exams. 

 

Figure 4. Evaluation screening instrument: screening curriculum goals and levels of 

understanding, analysis of general gaols and analysis of students’ results. 

 

It is easy to demonstrate that “Knowledge of assessment of scientific literacy” and Knowledge 

of science curricula” are two obvious PCK dimensions which are needed here. Apart from 

that, it is possible to analyze the results of specific (problematic) learners in view of their 

learning and with respect to their levels of understandings. For this “Knowledge of students” 

“Understanding of science” is crucial again. 

Alternatively, it is possible to look at the use of these instruments in the reverse way: by 

applying them and explaining their goals, it is possible to train teachers in PCK. It will make 

him aware that he needs to be up to date with all dimensions of PCK in order to be, to become 

or remain a professional teacher.  

LEARNING LINES AND ASSESSMENT 

Research competences are important in all curricula in general education in Flanders. It is also 

a weakness in teachers’ daily practice. In Flanders, the following definition is used for 

competence: it is the sum of knowing content, having skills and attitudes. Teachers are not 

confident with learning lines for skills and attitudes, nor evaluating them. Only for content 

this is the case. Rubrics for more than seventy topics concerning skills and attitudes on 

research competences are developed.  
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Figure 5. Screenshot of the table showing the learning line of research competences with 5 

levels described for skills and attitudes, going from “starter” to “expert”, from age 12 to age 

18.  

The coaching method depends slightly from group to group, strongly depending on the initial 

local situation. However, the following steps are mostly taken:  

- After an intake talk, in which goals are formulated by the teacher group (in some cases 

based on the inspectorate’s report)  

- A group of teachers of the same school should agree on a specific, chosen set of 

research competence topics of the table.  

- They review and adapt them line by line 

- They agree on whom, when and in which class to implement them. 

- Marking correctly is not so easy but after some training the learners’ status is made 

visible. 

The coaching, taking about 3 years with 2 or 3 interventions a year, results in a team that is 

competent in managing its own evaluation system and implementing it in all classes on all 

levels. This is confirmed by two reports of inspectorate which considered the school as an 

example, and two other schools, which got a negative report and, after three years, got a very 

positive report. 

These are evidence based cases. In depth research is not part of the job description of a 

pedagogical coach, and no task for the pedagogical services.  

Relating to PCK, this method of coaching relates very well with “Knowledge of the science 

curricula” since the above mentioned rubrics are strongly linked to the content. “Knowledge 

of assessment of scientific literacy” and “Knowledge of instructional strategies” for training 

students in skills and attitudes. PCK is important for professional development of individual 

teachers. But he works in a framework that calls for vertical and horizontal alignment to make 

sure the above example is implemented in a sustainable way.  

PEER GROUPS OF TEACHERS (of certain disciplines) 
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Problems with groups of teachers in one school can be 

- Individual approach of lessons 

- No collaboration, or only when very practical issues are at stake 

- Spread levels and styles of evaluation 

- No communication about attained levels with learners groups 

- No, or delayed implementation of new curricula 

- No renewal in teaching methods 

- No implementation of new teaching materials 

- No in service trainings 

As coaching service it is impossible to develop tools for all disciplines in all levels and school 

systems separately. Hence a general tool is necessary to deal with the kind of problems listed 

above.  

Based on EFQM© (European Foundation for Quality Management) the teacher coaching 

organization DKO vzw has developed a TRIS LIGHT Curriculum instrument for peer groups 

of teachers (TRIS-light, 2013). This instrument is used to establish the phase of quality of 

their internal collaboration and to put forward suggestions for improvement (evolving to the 

next phase).  

Nine central fields (divided in Enablers-processes-results) and eight surrounding values (f.e. 

“Adding value for customers “and “Leading with vision, inspiration and integrity”) that 

matter are defined. Based on these the quality tool presents 10 topics which are important for 

quality of a peer group of teachers: actions and plans, time policy, educational process, 

curricula, cross curricular themes, evaluation,  vision, innovation and creativity, sustainable 

policy, sustainable results and comparison of results.  

5 phases describe how a group acts: from the so-called “activity-oriented” up to the 

“excellent” phase.  

The actual phase the group is in is established by the group itself after studying the 10 topics. 
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Figure 6. Screenshot of the table for quality screening of peer group of teachers (in Dutch). 

The columns give the phase, the rows are the items. Examples shown are 4. On the vision of 

the group, 5. Innovation and creativity), and 6. Sustainable policy.  

The teachers need to reflect and discuss, provide evidence for what they claim and determine 

points of improvements towards the next phase. The pedagogic coach is trained in leading 

these sessions and to translate the meaning of the sentences to the practices of the specific 

group. Once the actual phase is decided, reaching the next phase is the goal.  

Teacher Professional development here means that the teachers acting in a group will evolve 

gradually to the next phase, in a continuous process of quality improvement. The final aim is 

to obtain better results with their students.  

This tool is developed recently.  

The group of teacher decides whether they ask the pedagogic coach for further assistance in 

their search for better quality, or they do it on their own. 

This group approach clearly has a number of benefits. 

-     It is more motivating for each of the teachers, since they are aware that all others have 

the same aims and follow a common strategy 

-     It leads to a deeper understanding of the learning process of students because the 

teachers need to collaborate both horizontally and the vertically 

-     It leads to exchange of the individuals’ experiences and good practices 

-     It leads to a better insight in all curricula, not only the ones being used by one teacher 

-     It gives more comfort since a plan on the long term is established by the group (in 

collaboration with the head of the school of course) 

-     It improves the quality of evaluation: it is more aimed at curricula content and levels 

and more diverse methods of assessment 
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-    Has big advantages in sustainability: the group has its own plan that is followed and 

supported by all members. Members that join or leave the group have only little 

influence on the ongoing professional development processes 

-    Reflection and forthcoming plans for improvement are inherent to this coaching model 

Inspectorate in Flanders does research based on their findings in schools and systematically 

analyse their own reports. Based on this analysis it formulates recommendations for schools 

every year. In 2012, (Flemish ministry of education, 2012, p. 32), it suggests “… establish a 

vision on evaluation, align evaluation with curriculum goals, and monitor the quality of 

evaluation practice by reflection and improvement. Set up, as a school, a trajectory to broaden 

evaluation methods”. A school transfers these responsibilities to peer groups of teachers.  

CONCLUSIONS 

PCK is an important and necessary step in professional development of the individual teacher. 

In Flanders the PCK method as such is not generally implemented. Many actions undertaken 

by teacher coaches in Flanders however cover one or more dimensions of the PCK method. 

An important dimension, the internal collaboration among teachers in one school, is 

monitored and supported by the TRIS-light coaching tool, which not only shows the need for 

PCK, but also makes people reflect on their work, and stimulates them to enhance their 

collaboration in all fields of professional development. 
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PHENOMENA DEVELOPING FORMAL THINKING 
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Abstract: The situated nature of the scientific learning requires studies on the role of phenomena 

exploration in order to activate conceptual change for the scientific and formal thinking (Guile & 

Young 2003; Vosniadou, 2008; Michelini, 2005, 2010). Design Based Research and Empirical 

Research are integrated in the framework of Model of Educational Reconstruction (Duit 2006) to 

individuate a vertical path facing the wide spectra of difficulties evidenced by literature on 

electromagnetism at different age students (Galili 1995; Borges 1999; Maloney 2001, Guisasola 

2003). Rather than general results or catalogues of difficulties, we look at the obstacles that must be 

overcome to reach a scientific level of understanding. Milestones of a vertical path on 

electromagnetism and two examples of research based intervention modules on magnetic field 

properties in primary and secondary school are presented.  

Keywords: learning path, vertical perspective, electromagnetism 

 

INTRODUCTION 

In reading phenomena, there are strategic angles, critical details and common sense reasoning, 

which remain often implicit, co-existing and not corresponding to the physics interpretation. The 

development of formal thinking requires the identification of phenomenological aspects and their 

placement in an explanatory schema. Three main elements are involved in this process: analysis and 

comparison of the simple phenomenological aspects; the reflection on the phenomena and the 

identification of conceptual references and relevant argumentations; identification of entities that 

represent the conceptual framework needed to reach scientific interpretations which validity is 

recognizable in several different phenomenological contexts. (Viennot, 1996, 2003; McDermott, 

1993, 2006; Michelini 2010)  

Difficulties of different age students on the identification and interpretation of electro-magnetic 

phenomena (e-m) emerge from literature, in particular on identification magnetic poles and 

interaction dependence on distance  (Bar et al., 1997; Maloney et al., 2001),  magnetic field 

characteristics and representation (Galili, 1995; Borges & Gilbert 1999; Maloney et al. 2001, 

Guisasola et al., 2003), electromagnetic phenomena interpretation (Bagno & Eylon, 1997; Maloney 

et al., 2001). Action at a distance way of thinking inhibits the construction of field concept (Galili 

1995; Bagno & Eylon, 1997).  In spite of the large diffusion of magnetic toys, pupils haven’t 

familiarity with magnetic phenomena (Bagno & Eylon, 1997, Fedele et al., 2005, Challapalli et al.,  

2014). The learning processes’ identification in phenomena interpretation on specific topics 

emerges as pre-requisite for learning knots overcoming in designing new approaches in 

Teaching/Learning (T/L) physics (Michelini, 2010; Michelini & Vercellati, 2011). Reference 

situations, materials and methods are never neutral (vonAufschnaiter & vonAufschnaiter, 2003), but 

dynamic evolution of internal logic of reasoning (Gilbert et al., 1998), following problematic 

stimulus, is relevant in determining the learning process.  Therefore, we integrate Empirical 

Research and Design Based Research for vertical path proposals experimented by means of 

different interventions in classes (Costas, 2010; Suri & Clarke, 2009; Michelini, 2010). 
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We studied strategies to bridge common sense ideas with the scientific one in specific intervention 

modules. Vertical paths are identified, as learning corridor (diSessa, 2004; Michelini, 2010; Psillos 

et al., 2010) for individual learning trajectories and steps by steps concept appropriation modalities 

(Fedele et al., 2005, Bradamante, et al. 2006, Vercellati & Michelini, 2012).  

 

THEORETICAL FRAMEWORK AND RESEARCH APPROACH 

Research is organized in the framework of the Model of Educational Reconstruction (Duit 2006), 

with some modifications according with the following phases iterated:  

A. Clarification of conceptual nuclei and knots in e-m, 

B. Empirical Research on T/L intervention modules, monitoring learning processes (Michelini 

2003, 2010);  

C. Design Based Research for developing path proposals and related materials. 

During phase B pre-post tests are integrated with monitoring tools, as semi-structured and 

Rogersians’ interviews and stimuli cards (Lumbelli, 1997; Fernandez-Ballesteros, 2003; 

Bradamante & Michelini, 2006).   

Conceptual Laboratories for Operative Exploration (CLOE) are research environments where pupils 

are involved in group hand-on and minds-on explorations of context to develop interpretative way 

of thinking being involved in conceptual path and interpretative challenges; reasoning and 

spontaneous models. The conceptual patterns of pupils are monitored by means of inquiry cards and 

audio-video recording. (Fedele et al., 2005; Challapalli et al., 2014). Research seeks to shed light 

upon spontaneous ways of looking at phenomena and on common ways of reasoning, taking these 

into account as an anchor for building scientific reasoning in vertical coherent educational paths.  

 

TWO SPECIFIC RESEARCH CONTEXTS 

The first context is an explorative path with children, to investigate how children develop and use 

interpretative ideas in e-m phenomena and pass from local to global perspective (Michelini & 

Vercellati, 2011; Vercellati & Michelini, 2012) audio/video recording of a sequence of activities is 

carried out with 19 classes for a total of 201 primary, 114 lower secondary school pupils, and 19 

kindergarten pupils. 

 

Figure 1. Materials available to explore the parameters involved and the conditions for the e-m 

induction. 

 

The CLOE activity was structured in 4 phases: 1) stimuli situations proposed to produce resonance 

between pupils’ naïve ideas and interpretative discussions (Appendix 1); 2) small groups 

exploration of electromagnetic induction (Fig.1); 3) general discussion to build a common 
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interpretation; 4) individual task to explain the functioning of artifacts based on e-m induction 

(Figure 2). 

 

Figure 2. Artifact to be explained 

 

In the second study here considered, a research based 12 hours experimentation of the designed 

vertical  T/L path on electromagnetism was carried out in three different secondary schools with a 

total of 54 students of 18 years old (Michelini & Vercellati, 2012). The learning process was 

monitored step by step by means of in-out tests and stimuli worksheets based on in PEC strategy in 

the inquiry based (McDermott, 2007) approach path to build the idea of magnetic flux.  

 

EXPLORATIVE PATH WITH PUPILS 

Focusing on electromagnetic induction part of the research, the activity can be divided into two 

phases: 1) explorative phase of phenomena; 2) a structured analysis of an artifact. 

The main research questions investigated were: RQa1) how operative explorations help pupils to 

identify and produce electromagnetic induction; RQa2) how the exploration and the comparison 

between phenomena is useful to help pupils in the interpretation of artifact; RQa3) how exploratory 

elements are reused by pupils in the interpretation of artifacts. 

To promote cooperative learning, during the inquired based learning path, pupils worked in groups 

of five,  but each pupil had his/her own personal worksheet for comments and to draw conclusions 

reflecting on the explored phenomenology, sharing and defending their ideas and challenge each 

other with opposing perspectives or argumentations. 

Some situations (S) of Appendix 1 path and questions emerge as crucial and the following in 

particular. 

S8) The compasses behavior far away from other objects: discuss compass needle direction rotating 

the cardboard or directly the compass box at an arbitrary angle and use more than one compass; 

S11) study of the compasses behavior near a magnet: analysis of needle direction in relationship 

with compass position and sketch of the needle orientation lines;  

S11bis) free exploration in the classroom with the set of compasses: Are magnets the only objects 

able to change the orientation of the needles? Which are the common element(s) in the objects that 

can orientate the needles?;  

S17) Coil and compass interaction when coil is or is not connected with the generator and 

exploration of the condition for producing electromagnetic induction. 

During this activities from data emerge that the percentage of pupils who focus their attention  on 

the needle of the compass increase from 7%  to 80% in S8 and to  96% in S11 The compass as 
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explorer in studying magnetic properties of space assumes a central role for pupils (98%) and it 

becomes an interpretative tool with magnetic field lines in S11-S11bis (87%). The foundation of the 

idea of magnetic field emerges in this context.  

The audio-video recording of the general discussions done during the explorative phase are 

represented in Figure 3. The type of intervention done by the researchers and the pupils are 

categorized in different colors: red for the key questions, yellow for the additional questions 

designed to promote further discussion, blue for the interventions that are related to experimental 

situations, green for answers that are based on previous knowledge without referred to a particular 

experimental situations, orange for the discussions and grey for the waiting time that the researcher 

allowed before additional answers. The way in which pupils are inserted in this schema reflects the 

way in which the discussion evolves: in almost all activities performed, especially with the younger 

pupils there is an emerging group of some pupils (4 or 5 at least) that tend to guide the discussion 

and tend to be more active in the learning process than others. For example we notice that for the 10 

year old class, 4 pupils (over 18) did almost one third of the interventions and the remaining part is 

equally divided between group (coral replies, in which pupils answered all together) answers and 

answer given by pupils that did not do more than two or three interventions. 

The analysis of the schema reported in Figure 3 put in evidence how, during the development of the 

laboratory,  the pupils’ answers that are based on previous knowledge without referred to a 

particular experimental situations of the 10 year old pupils decreased (color green), while increasing 

the references to experimental situations (blue) for argumentation (orange). This trend becomes less 

marked in the 13-year old pupils where the green interventions occur through the learning path but 

especially emerge in the phase of experimental exploration of electromagnetic induction. 

Phenomena exploration cannot be overcome in order to reach a personal interpretative analysis by 

students, but it seems that after primary school the focus is more superficial and less fertile the 

exploratory work.  

 

 
Figure 3. Representation of the kind of interventions in a typical discussion evolution during the 

path exploration of a single group of 10 years old pupils and 13 years old pupils, where the colors 

characterize the different type of interventions.  

 

Regarding analysis of the artefact (of Figure 2), after S18 and exploration described in Figure 1, the 

structural elements almost disappear in the pupils’ descriptions after they had the possibility to 

experiment with the artifact: even if 44% of the pupils gave a spontaneous functional description, 

that percentage increase to 78% after they had the possibility to experiment with the artifact and 

consequently the percentage of pupils that gave a structural description decrease from 55% to 6%, 

focusing on the induction process and characteristics. 
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Data have shown that RQa1) an operative approach helps pupils to focus their attention on the 

physics relevant elements in phenomena; RQa2) the operative approach helps pupils bridge the 

space between a structural and a functional description of the apparatus; RQa3) comparison and 

analogies between artifacts elements and objects explored during the learning path allow pupils to 

re-use their previous discoveries into the interpretation of the artifact.   

Explorations made by children constitute a wealth of experiences on which they demonstrate to be 

able to plan organic explorations of a new phenomenon as the electromagnetic induction. The 

results also highlight that this experience allows pupils to acquire an interpretive strategy for the 

electromagnetic induction that accounts for this phenomena in terms of the variables involved and 

their correlation on the operational level. In addition, even if the pupils do not have the concept of 

magnetic field and flux and they use it in a non-quantitative way, they are able to identify the main 

conceptual cores of it with the main phenomenological characteristics, already at this age level.  

 

RESEARCH BASED SECONDARY SCHOOL INTERVENTION 

EXPERIMENT 

In the framework of a co-planning work to promote the innovation of the teaching strategies into the 

Italian high school (IDIFO projects), the research based intervention experiment of the designed 

vertical path was carried out by a researcher in three high school classrooms with the school 

teachers, according with the standard time table of the involved classes in the school buildings, 

using a total amount of 12 hours (Michelini & Vercellati, 2012). 

All the classes involved are grade 13th (students are mainly 18 years old) and are selected from 

different types of schools to investigate also the portability of the learning path: classical lyceum, 

linguistic lyceum and scientific technological lyceum. The activities presented in Appendix 1 were 

the reference situations for the phenomenological investigations in the framework of a gradual 

growth of the level of formalization. In particular focusing on the following research questions: 

RQb1) Which are the conceptual referents that students used in phenomena exploration?; RQb2) 

How students use the formal entities and construct the conceptual meaning?; RQb3) How the 

experimental exploration allows students to understand the formal nature of the magnetic field?. 

At the beginning, students naïvely provide a first representation of the magnetic properties of the 

space at one point as a pictorial or a stylized representation of the compass needle representing or 

not the orientation of the needle. The limits of the versor representation were addressed and in 

particular is highlighted how this first formal representation is not able to describe the superposition 

of fields. It emerges in this way the need of introducing a new way to represents also the intensity of 

this property. In the same way, field line representation is analyzed observing how a simple field 

lines representation was not able to provide quantitative information as concern the intensity of the 

magnetic field at one point. Even if students try to correlate the distance (57%) or the density (29%) 

of the line with the intensity of the field it is not true. But, following this shared naïve prevision, 

students validated it by measuring the value of the flux of the magnetic field between two field lines 

looking for a correlation law between the intensity of the magnetic field and the height of the stripes 

bounded by the two lines. The inverse proportionality between the value of the intensity of the 

magnetic field (B) and the section of the tube (S) provides the opportunity to look for a constant 

value for each tube. The renormalization of the line pattern allow quantitative forecast on the 

structure of the field representation, producing the flux concept and a quantitative correlation with 

the number of tubes crossing a surface to the flux of the magnetic field through a surface or a 

circuit. The experimental exploration of electromagnetic induction was performed by students after 

the analysis of different sources of magnetic field and the Lorentz force using this conceptual tool.  

Data on learning processes were obtained from the students’ writings on the inquired based personal 

worksheets proposed and from the audio recording of the argumentative discussions. For each 
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question, the students’ answers are categorized and grouped in accordance with the main categories 

highlighted in literature and in new categories that emerged from the grouping of the data in the 

framework of a phenomenographic analysis.   

By means of this experimentation is shown how an experimental exploration of the properties of a 

physical entity done in a prospective of gradual construction of the formal properties and allow 

students to construct the meaning of abstract entities giving physical meaning of their 

representation. In this way, the formal entity becomes a conceptual referent having a meaningful 

graphical representation that allows students to do prevision and provide interpretations of the 

explored phenomena (71%). In particular, RQb1) the magnetic field became the main conceptual 

referent in situations in which the source of the magnetic properties is at rest (74%), while some 

difficult persist when the sources are in motion (25%). The role of experimental exploration for the 

investigation of the induction phenomena as they were proposed have a double value. In the 

qualitative explorations, students found and construct an explanatory model based on the abstract 

entity that they had characterized earlier. In the quantitative one, students overcome the limits in 

which the formal entity were experimentally formalized to provide new parameters in the 

description of the field relating to the movement of the lines with the source of the magnetic 

properties (65%). Therefore, there is a double value of the experiment: validation and extension of 

the model. 

The representation of field lines became a conceptual reference tool for the primitive idea of 

magnetic field and in the same time a source of in depth understanding of the nature of the field 

itself: the problematic issue of predict the field line patterns promote the reflection on the formal 

nature of magnetic field, the individuation of its vector nature and of the superposition principle 

(RQb1). 

The construction of a normalized magnetic field lines pattern proved to be a powerful context in 

which introduce the flux tubes highlighting the potentiality and the limit of the field line 

representation. The gradual construction of the formalization of the field starting from the 

experimental exploration of its properties allows students to understand the meaning of the formal 

representation used (both as concern vector and field lines representation). In particular, the 

distinction between force and field is addressed (RQb2).   

The role of the experimental exploration allows students to investigate the formal nature of the 

magnetic field as an object characterized by intensity, direction and verse addressing also the 

problem of its representation. Building so the conditions in which students can highlight steps of 

identification of the properties of formal entity bringing them into relation to each other (RQb3). 

 

CONCLUSIONS 

Qualitative data analysis of the classes of answers to each inquiry question offers a broad amount of 

data on the learning processes. Cross fertilization between Empirical-Research on T/L intervention 

modules and Designed Based Research produces a vertical path for electromagnetic phenomena 

interpretation, based on the research results. Some relevant aspects emerging in experimentations 

are the following. The partial and local interpretation of some situations (as those presented in 

Appendix 1) seems to be a pre-requisite in building a global interpretation of the electromagnetic 

induction phenomena, where interpretative aspects are recalled through analogies. Abstract entities 

invented during minds-on inquired based activities are re-used by pupils in a new framework, i.e. 

pupils spontaneously use the compass as an explorer of the space magnetic properties, after the 

analysis of its interaction with a magnet. The representation of the magnetic field became pivotal 

point in the learning path for secondary students and the magnetic field lines becomes conceptual 

referents for the concept of flux as a constant property of a magnetic field and base for e-m 

induction interpretation. The PEC strategy in the path experimented help in contamination of 
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efficient reasoning and significant changes from common sense to physics interpretations emerges 

from data. 
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APPENDIX 1 

Situations proposed in the first part of the path and main problems posed. 
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INTRODUCTION 

 

Nature of Science (NOS) is the term used within the community of science education 

to refer to the fundamental epistemic ideas, drawn from the philosophy of science, 

which could be potentially integrated in school science after appropriate didactic 

transformations. NOS, as a research field has attracted much attention in the last 

decades and this has substantially improved our understanding, as a community, on a 

broad range of issues, including, among others, (a) how to conceptualize NOS as a 

learning objective, (b) students’ initial ideas and difficulties with respect to various 

aspects of NOS, (c) how to design learning environments that could effectively 

promote understanding of NOS. There is clearly a need for additional research in this 

area so as to delineate the scope and role of NOS as a component of science 

curriculum but also to strengthen our understanding of the intricacies involved in 

attempts to introduce NOS in the science learning environment by identifying factors 

that could either support or impede such attempts. Strand 6 welcomes research studies 

that seek to contribute towards this direction.  

This strand has been very active in ESERA 2013. It has hosted a total of 24 

presentations, 2 posters and 2 symposiums. Thirteen of the studies that have been 

presented under this strand have been also accepted for publication in the conference 

eBook and are contained in this chapter. One of these studies sets out to explore 

scientists’ conceptualizations of NOS with the emphasis being placed on the 

relationship between science and society. Four other studies share a similar focus, 

though they are targeted at different groups of participants. One of these studies 

focuses on the identification of students’ ideas about models and modeling whereas 

the remaining three studies address undergraduate students’ understanding about the 

role of invention in science, about how science and technology contribute to social 

thought and about socio-environmental aspects and the nature of science and 

technology. A set of another five papers refers, directly or indirectly, to teaching 

about NOS. One of these studies seeks to investigate the relationship between physics 

teachers’ ideas about science and the approaches they tend to adopt in their teaching 

practice. Another paper in this set investigates teachers’ perceptions about why, when 

and how to teach NOS. The next two papers suggest some potentially effective ways 

of promoting epistemological awareness (through dramatization and a film about 

global warming). Finally, the last paper in this set focuses on a teaching-learning 

sequence and assessment tools for improving students’ understanding of Nature of 

Science and Technology. Two of the remaining thirteen papers focus on how NOS is 

represented in school textbooks, whereas the last paper is theoretical in nature and 

refers to the widespread debate in the philosophy of science about realism and ant-

realism and its possible impact on science teaching.  
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AN INVESTIGATION OF PRE-SERVICE TEACHERS’ 

APPRECIATION OF CERTAIN ASPECTS OF THE 

NATURE OF SCIENCE AND ITS EVOLUTION AFTER 

IMPLEMENTATION OF A STRUCTURED TEACHING-

LEARNING SEQUENCE 

 

Maria Charalambous, Nicos Papadouris and Constantinos P. Constantinou 

Learning in Science Group, University of Cyprus, Cyprus 

 

Abstract: Helping students appreciate epistemic dimensions of scientific knowledge and 

inquiry is a main learning objective of science teaching. However, the available empirical 

evidence suggests that students, at essentially any grade level, hold naive ideas about the 

nature of science (NOS). Interestingly, this statement is also true for teachers. However, 

if this objective is to become attainable, it is necessary that teachers are adequately 

prepared to effectively undertake the role of creating learning environments that could 

foster students’ epistemic understandings. This study reports on an empirical exploration 

of the potential of a teaching module that we have developed to help pre-service teachers 

understand particular aspects of NOS. The module is embedded in the context of energy 

and seeks to promote conceptual understanding and awareness about specific aspects of 

NOS, including the role of human invention and creativity in science, in a unified 

manner. The module was implemented with a total of 180 pre-service teachers. Prior to 

and after the implementation, which lasted 12 ninety-minute sessions, participants 

completed a number of open-ended tasks intended to assess for learning gains on the 

targeted learning objectives. In this paper, we focus solely on the NOS component of the 

module and we present results from one of the tasks that we used to assess participants’ 

understanding of the nature of scientific theories, as invented constructs. Data from both 

participants’ written responses and the interview transcripts suggest that prior to the 

implementation most of them held purely empiricist viewpoints whereas after the 

teaching intervention there was a substantial shift towards a more informed perspective, 

which recognized the important role of invention in scientific inquiry and the formulation 

and elaboration of scientific theories, in particular. Additionally, data also revealed 

possible revisions to the teaching/learning materials so as to increase its effectiveness. 

We discuss the implications of our work for other attempts to promote informed 

understandings of NOS in the context of conventional science education topics. 

Keyword: nature of Science, teaching module, teaching intervention  

  

BACKGROUND AND PURPOSE 

Helping students develop understanding of the Nature of Science (NOS), that is 

understanding of how science operates and how scientific knowledge is produced, 

justified and organized, is recognized as an important objective of science teaching 
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(NRC, 1996). However, despite this wide recognition it is the case that NOS does not 

typically receive explicit attention during instruction (Bell, Matkins & Gansneder, 2011). 

Teaching and learning about NOS has received much attention in the science education 

research literature. Much of this research has focused on the delineation of NOS as a 

learning objective. One position that has been expressed within this research area, is that 

given the lack of agreement among the philosophers of science on a single definition of 

what science is and how it operates, understanding of NOS does not seem to constitute a 

realistic learning objective (Alters, 1997). However, this position has been largely 

contested on the grounds that the main argument is that the aim of science teaching is not 

to help students to develop complete understanding of how science operates. Rather, the 

aim is to help students appreciate fundamental ideas about how science operates at a level 

of generality and simplicity for which there could be broad consensus (Smith, Lederman, 

Bell, McComas & Clough, 1997). Indeed some studies have demonstrated that it is 

possible to arrive at such a consensus view of NOS that could serve a productive role for 

the purposes of school science. This consensus view includes a set of fundamental ideas 

for which there is sufficient agreement among philosophers and which can be accessible 

to students. These ideas according to Lederman, Abd–El-Khalick, Bell & Schwartz 

(2002) include the empirical nature of scientific knowledge, the distinction between 

scientific laws and theories, the role of scientists’ creativity when they formulate theories, 

the theory-laden nature of scientific knowledge, the social and cultural embeddedness of 

scientific knowledge, the myth of scientific method and the tentative nature of scientific 

knowledge.  

Another area that has received considerable attention within the literature on NOS 

involves the identification and documentation of the initial ideas and difficulties 

encountered by students about various aspects of NOS. The main finding reported in this 

line of research is that students regardless of grade level, tend to subscribe to somehow 

naive ideas about NOS (Lederman, 2007). For instance they tend to believe that scientific 

knowledge is absolute, leaving no room for human invention (Bell, Matkins & 

Gansneder, 2011; Seung, Bryan & Butler, 2009; Khishfe & Lederman, 2006). 

Interestingly, similar findings have also been consistently reported for teachers (Akerson, 

Hanson & Cullen, 2007). This finding is of great importance because if we are to help 

students improve their understanding about NOS, we first need to prepare teachers 

accordingly (Lederman, 2007).  

The third research area includes attempts targeted at helping students improve their 

understanding of NOS. An important finding is that understanding of NOS does not arise 

spontaneously (Sandoval, 2004). Specifically, it seems that engaging students in inquiry 

activities does not automatically induce improvement in understanding of the epistemic 

aspect of inquiry. Instead, research suggests that impacting on students’ epistemic 

understanding posits explicitly elaboration through specially designed learning 

environments (Hanuscin, Akerson & Phillipson - Mower, 2006; Bell, Matkins & 

Gansneder, 2011). Another important finding that has emerged from this third research 

area refers to the identification of possible teaching approaches that could facilitate the 

teaching elaboration of NOS (Lederman, 2007).  

Despite the considerable attention that has been paid to NOS within the science education 

literature, there is clearly a need for more research in this area. For instance, there is a 
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need for experimentation with teaching innovations in classroom settings, in order to 

improve our understanding of how to better facilitate learning about NOS. This study 

directly relates to this need, since it reports on an empirical exploration of the potential of 

a teaching module that we have developed to help pre-service teachers understand 

particular aspects of NOS, namely the distinction between observation and interpretation, 

the empirical and the tentative nature of science, and the role of human invention and 

creativity in science. This study reports empirical results from the implementation of this 

module and exclusively focuses on the latter of the three aspects. Specifically, it seeks to 

address the following two research questions:  

1. What initial ideas do pre-service teachers possess about the role of human invention 

in Science and what difficulties do they encounter in this respect?  

2. To what extent is it possible to impact on teachers’ understanding about this idea as a 

result of their interaction with a specially designed learning environment?  

 

METHODOLOGY 

Overview of teaching/learning materials 

The teaching/learning materials are embedded in the topic of energy. They embody a 

philosophically-informed approach for introducing and elaborating energy as a 

theoretical framework for analyzing the operation of physical systems. A more detailed 

description of this approach and the underlying rationale can be found in Papadouris & 

Constantinou (2011). The module involves three sections. The first seeks to address 

certain aspects of NOS (e.g., distinction between observation and inference and 

appreciation of the role of creativity in science) that could facilitate the subsequent 

introduction and elaboration of energy as an invented theoretical framework for 

analyzing the operation of physical systems. These ideas are introduced through explicit 

epistemic discourse situated in the context of narratives reporting case studies from the 

history of science (e.g., Lavoisier’s caloric theory). The second section seeks to elicit the 

value of energy in science as a unifying framework that could subsume the analysis of 

changes in physical systems, regardless of the domain they are dawn from. Finally, the 

third section includes the elaboration of energy as a theoretical framework for analyzing 

changes in physical systems. This elaboration involves the gradual introduction of the 

various features of energy (i.e. transfer, form conversion, conservation and degradation) 

in a manner that highlights their contribution to the explanatory power of the theoretical 

framework. The conceptual elaboration of energy in this part is systematically coupled 

with epistemic discourse (e.g., distinction between the observations with respect to the 

operation of a system and the corresponding energy-based story that could account for 

those). In brief, the teaching materials target two broad learning objectives: 

epistemological awareness about certain aspects of NOS and conceptual understanding 

about energy as a framework for analyzing changes in physical systems. This study 

focused on the first of these objectives.  

Within the module we seek to help teachers develop the epistemic ideas involved in this 

learning objective through three types of activities. The first type seeks to introduce 

certain aspects of Nature of Science in contexts dissociated from any science content. 
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One example of such an activity, which has been proposed by Lederman & Abd- El – 

Khalick (1998), presents teachers with a drawing illustrating a pattern of two different 

marks and asks them to record observations and come up with interpretations about what 

that pattern might be representing. This simple activity is intended to help teachers 

distinguish between observation and interpretation. The second type involves the 

elaboration of NOS ideas in the context of narratives reporting case studies from history 

of science. Specifically, in the module we draw on brief narratives relating to Aristotle’s 

physics of natural and violent motion and Lavoisier’s caloric theory and we engage 

participants in identifying the observations of interest in each case (e.g., changes in 

temperature as a result of thermal interactions and the interpretation put forward by 

Lavoisier’s in his caloric theory). In the third type of activity epistemic discourse is 

situated in the context of teachers’ own activities while working with activity sequence. 

For instance, throughout the module participants are systematically asked to analyze 

changes occurring in physical systems using energy. That is, they are asked to identify 

changes taking place in given systems and come up with energy-based interpretations for 

those changes. Within these activities, pre-service teachers are consistently engaged in 

epistemic discourse  so as to strengthen their understanding of the distinction between the 

epistemic acts of making observations and formulating interpretations for those changes.  

Framework of the investigation – assessment task  

The module has been implemented as part of a science methods course in four 

consecutive semesters. Participants were 180 pre-service, elementary teachers. Prior to 

and after each implementation, which lasted twelve ninety-minute sessions, we 

administered a number of open-ended tasks intended to assess learning gains for the 

targeted learning objectives. Additionally, we conducted follow-up interviews with 

approximately 15% of the participants. In this study, we exclusively focus on the NOS 

component of the module and we restrict the discussion to just one of the tasks that we 

used. This task addresses the role of human invention in science and in formulating and 

elaborating scientific theories, in particular.  

In the beginning of this task, we introduced the terms discovery and invention in the 

context of simple examples, such as the composition of the music for a song. Next, we 

asked participants to reflect on three students’ positions regarding how scientific theories 

emerge in science. The first student states that theories derive directly from empirical 

data whereas the second suggests that formulating scientific theories also involves 

creativity and human invention. The third response supports that theories are sometimes 

discovered while in other cases they are invented by scientists. Participants were asked to 

elaborate on each position and select the one that seems more consistent with their own 

reasoning about this issue. The response that we consider valid is the second one.  

Data analysis 

Participants’ responses were processed so as to identify their reasoning with respect to 

the issue depicted in the task and to identify underlying difficulties. This process evolved 

in two stages. In the first stage, participants’ responses were categorized based on the 

statement that they had agreed with. In the second stage, we delved into more detail so as 

to identify and categorize the specific justifications they had offered to support their 

response.  
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RESULTS 

We anticipated four possible positions in pre-service teachers’ responses, summarized in 

table 1. Specifically, the two of them support (directly or indirectly) the discovery of 

scientific theories, while the other two support (directly or indirectly) the position that 

they are invented, human constructs. These positions could be usefully paired in specific 

ways (i.e., positions 1 & 2/ positions 3 & 4) whereas other pairs seem to be mutually 

exclusive (e.g. positions 2 & 3). It is important to note that data analysis revealed many 

cases in which participants combined two positions, though we did not encounter 

instances of internally inconsistent pairings. Also, in many cases participants only 

referred to a single position. Table 1 shows the frequency of the expressed positions. An 

important encouraging finding from this analysis process, was that the percentage of 

participants who supported that scientific theories are invented, increased from 28% 

(50/180) to 69% (122/177) (McNemar Test p < 0,001). It is important to mention that we 

have distinguished between the responses that were supported by a coherent justification 

(articulated) and the responses that lacked this feature (unarticulated). One main 

observation about this table refers to the third position (theories are invented). While the 

percentage of the participants who agreed with this position underwent a substantial 

increase after the implementation of the teaching materials, in most cases they were not 

in position to offer coherent justification for this selection. This implies that interaction 

with the teaching materials has helped participants recognize that theories are indeed 

human inventions, but it has not been very effective in helping them articulate the role of 

invention in the construction of theories.     

 Table 1 

 Percentages of justifications for each one of the four possible positions   

Possible Positions       Pre-test    Post-test 

1. Theories are discovered    

o Articulated justification  51% (92/180) 12% (22/177) 

2. There is no room for human 

invention 

  

o Articulated justification 13% (23/180) 4% (7/177) 

o Unarticulated justification  13% (23/180) 6% (11/177) 

3. Theories are invented    

o Articulated justification 3% (5/180) 9% (16/177) 

o Unarticulated justification  40% (72/180) 72% (128/177) 

4. Theories cannot be  

discovered  

  

o Articulated justification 31% (55/180) 71% (125/177) 
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Analysis of the reasoning underlying pre-service teachers’ responses   

This level of analysis was restricted to the responses that were accompanied by a 

coherent argument (articulated justification). Data processing demonstrated a range of 

valid, but also non-valid reasons invoked by the teachers in support of their position. 

These are detailed below. We refer to each of the four possible positions (theories are 

discovered, theories cannot be invented, theories are invented, theories cannot be 

discovered) separately. It is important to note that the percentage of each justification 

corresponds to a total of 180 initial responses and 177 final responses.  

Scientific theories are discovered: We identified two non-valid justifications for this 

position. The first rested on the premise that the physical world has always been 

operating in a consistent manner and at some stage scientists just happened to figure out 

the underlying order through systematic observations (43%). An example of this 

justification is the following: «I agree with the first student because nature always works 

in the same way, and scientists just decode it…. Nature always works according to the 

theories, even before any research». Apparently the participants who offered this 

justification seem to be having a difficulty in distinguishing between (observable) 

physical phenomena and the corresponding (unobservable) interpretation.The second 

justification includes the idea that science is strictly empirical and therefore scientific 

knowledge emerge through induction from data alone (9%). These participants seem to 

neglecting the role of human invention in science. After the implementation of the 

teaching materials the frequency of these justifications decreased substantially. 

Specifically the percentage associated with the appearance of the first justification 

underwent a reduction of 34 % whereas the second justification only appeared in 3% of 

the cases. This change provides a positive indication in terms of the impact of the 

implementation on pre-service teachers’ understanding of the underlying epistemic ideas.    

Scientific theories cannot be invented: Data analysis revealed two (non-valid) 

justifications. The first was identified in 13 participants (7%), who essentially conflated 

scientific phenomena and their interpretation into a single entity, and, hence, stated that 

given that these are not invented; they do exist in nature. An answer of these participants 

is the following: «I agree with the first student.. because a scientist couldn’t use his 

creativity. Physical phenomena are already there and cannot be invented». The second, 

which was found in ten teachers’ (6%) responses, centers on the idea that creativity is not 

credible and has no place in the strictly accurate and reliable domain of science. Clearly, 

these participants do not appreciate the role of human invention in science. The frequency 

of these two justifications underwent a substantial reduction at the final assessment (1% 

and 3% respectively). 

Scientific theories are invented constructs: We identified a valid justification with respect 

to this position. This justification involved distinguishing between phenomena and their 

interpretation and association those with discovery and invention, respectively. An 

example of this justification is the following: «…The phenomena observed in nature have 

always been operating in the same way. Phenomena are discovered whereas scientific 

theories are invented in order to explain them..».This justification only appeared in five 

cases (3%) in the pre-test, whereas its frequency increased to 9% after the 

implementation.  
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Scientific theories cannot be discovered: We were able to identify two main valid 

justifications associated with the selection of this position. The first of those, which was 

given by 14%  of participants, supported that scientific theories do not exist in nature and, 

hence, cannot be simply discovered. An example of these responses is the following: «I 

agree with the second student because scientific theories don’t exist, but they are 

created..». The second justification, which was used by 8% of participants, drew on the 

idea that while physical phenomena do exist in nature, their explanations do not. The 

frequency of these justifications increased in the post-assessment to 41% and 13% 

respectively.   

 

CONCLUSIONS AND IMPLICATIONS 

The results from this study suggest that, prior to the implementation, pre-service teachers 

tended to endorse the belief that theories are discovered. This could be possibly attributed 

to their accumulated experiences with traditional science teaching. The data we have 

collected also allow identifying and documenting specific difficulties encountered by pre-

service teachers. One of these difficulties, for instance, refers to the failure to distinguish 

between physical phenomena and their interpretation.  

The data reported in this study also suggest the potential of the teaching/learning 

materials and the approach that we have used to help teachers, improve their 

understanding about NOS. This is reflected in the increase of the percentage of 

participants who stated that theories are invented but also in the increase of the valid 

justification that had given in support of this position and the corresponding decrease in 

the percentage of non-valid justifications given for the opposite position. The features the 

teaching materials that seem to have held an instrumental role in this respect include the 

explicit epistemic discussions about the targeted aspects of NOS and the combination of 

three different types of activities for their teaching elaboration, which were dispersed 

throughout the activity sequence.   

Despite these encouraging findings the results from this study also indicate possible 

limitations. For instance, it seems that the teaching materials could be improved so as to 

pay more attention to helping participants articulate the role of invention in the 

construction of theories.  At this stage we are in the process of refining the teaching 

materials, taking into account the available empirical data, so as to further increase its 

potential to impact on teachers’ epistemic understanding.         
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Abstract: Possessing knowledge about the nature of science is one aspect of scientific 

literacy. After decades of student-centred research on knowledge about the nature of 

science, current research has extended its focus to school teachers. The study of 

teachers’ notions of the nature of science is of great importance to measuring 

teachers’ scientific literacy but furthermore to understand how these notions influence 

teaching practices and classroom decisions. 

Based on an exploratory interview study we developed and piloted a questionnaire for 

online assessment. Linear regression analyses provide evidence for interrelations 

between notions about science and classroom practice. We suggest further application 

of the questionnaire including analyses of larger sample sizes allowing application of 

a variety of statistical tools for complex analysis such as structural equation models 

and latent class analysis.  

Keywords: teacher professionalization, instructional methods, science notions 

 

INTRODUCTION 

The competence network KeBU (Kompetenzverbund empirische Bildungs- und 

Unterrichtsforschung) is a collaboration of researchers of the Albert-Ludwigs-

University of Freiburg and the University of Education of Freiburg. It focuses on 

empirical research within the field of education and teaching. Special attention is 

orientated to learning processes in educational institutions, individual educational 

pathways and professionalization of actors in the education system (train the trainers). 

The project presented is situated within the teacher professional development research 

focus. 

  

Strand 6 Nature of science: History, philosophy and sociology of science

993



RATIONALE 

Since the second half of the 20th century, educational research orientated attention 

towards teaching meta-knowledge about science (Litt, 1959). Within this scope, the 

question of “What is the nature of science?” had been brought forward by e.g. 

McComas (1996) or the recent studies of Lederman (1998, 2007). Further didactic 

and educational research referred to philosophical reflections on methodology and 

theory, but also on science-sociological discourse (Kircher & Girwidz, 2006). 

In view of the above topics, researchers became more and more interested in the 

relationship between teachers understanding about the nature of science and their 

instructional methods. Tesch and Duit (2004) in their video study showed evidence of 

a relationship between methodological preferences and embedding of experiments in 

physics instruction. In a descriptive case study of six teachers Brickhouse (1990) 

showed that physics teachers possess implicit concepts about what science is and that 

these affect their teaching in content and form. 

While case studies hold to map the complex relationship between teachers’ subjective 

theories about science and instructional methods, quantitative surveys aimed to assess 

these questions with numerical data and statistical analysis. However, the vast amount 

of assessment instruments suffer from questionable content validity, lack of subscales 

for profile shaping, reliance on abstract and ambiguous concepts and problems related 

to fixed-response items (for a fuller account see Lederman, Wade & Bell, 1998). 

Another source of bias might be due to conceptualizing a normative model for nature 

of science on which most quantitative studies are based (Schulze Heuling, Nückles & 

Mikelskis-Seifert, 2013). Basically, already the choice of methods shows that the 

relationships between teachers’ convictions about the nature of science and their 

classroom practices are complex. 

In order to enable teachers to learn about or improve their teaching, they have to be 

taught in ways that are useful for self-evaluation and self-regulation, as well as for 

meaningful learning. One way to do so is to reflect on typical meta-knowledge about 

science and what kind of meta-knowledge is transported via instruction. Therefore it 

is important to elicit teachers’ notions about science and to identify correspondences 

with their methods of instruction. Only when teachers’ and teacher educators’ notions 

about science are made explicit can the potential for misunderstanding be addressed. 

This project aimed to provide a complementary, descriptive approach to how science 

teachers construct their own view on physics as a natural science. We did not start 

from a normative model, but used a bottom-up approach that begun with descriptive 

interview analyses. Consequently, we used the term notions about science to separate 

from nature of science. Using large sample sizes we aimed to offer deeper insights 

into interdependencies between notions about science and methods of instruction. 

The project in its entirety aimed to examine the interdependencies between physics 

teacher’s notions about science and methods of instruction. Two explorative studies 

were conducted prior to conducting a large-scale survey. The first explorative study 

aimed to develop a typology of teachers’ notions about science and methods of 

instruction from interviews with physic teachers. 

Building upon this interview study, in a second study a questionnaire that measures 

notions about science and methods of instruction was developed and piloted to assess 

reliability and factorial structure of the scales. Statistical analyses of, and 
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interdependencies between physics teachers’ notions about science and methods of 

instruction were conducted to generate hypotheses that are tested in the currently 

ongoing large-scale survey study. 

DESIGN OF THE PROJECT 

The project was composed of two explorative studies, a qualitative interview study 

and a quantitative pilot study, and – as third study – a concluding large scale study 

amongst in-service physics teachers. The interview study served to gain first insights 

into how physics’ teachers constitute individual notions about science. 

The project started with the research question (1) what specific notions about science 

and methods of instruction do physics teachers constitute? A category system was 

developed based on 36 semi-structured interviews, which were collected within a 

research project led by the Leibniz-Institute for Science and Mathematics Education 

and kindly provided by Reinders Duit and Peter Labudde (Bruggmann, 2011). The 

teachers were asked to answer questions about how they explain, what science is, 

which basic concepts and methodological perspectives they think are of general 

importance, are important for pupils to learn, and which of these they teach in class. 

The second study, instrument development and testing, was led by two research aims. 

The first question was (1) how can these constructs be measured? The newly 

developed questionnaire was tested in a sample of 65 physics teachers. Subsequent 

analysis of the pilot data was guided by the question (2) which interdependencies 

between physics teachers’ notions about science and methods of instruction are 

visible in this sample? 

INTERVIEW STUDY 

In the following, data collection and analysis processes as well as the results of the 

first study are delineated and presented. 

Data Collection and Analysis 

For the analysis, the 36 interviews were reduced, segmented, categorized and 

operationalized according to content analysis described in Kaufmann (1996). The 

material was reduced to contextually relevant passages with preliminary coding. For 

teacher’s notions about science, passages were selected that helped us understand in 

which ways and at what level of thought an individual scientific notion is constituted. 

This meant to look out for passages holding information about explanations, notions, 

or world views of maximum clarity with which an individual teacher endows physics 

with sense. 

In the next step, the segmentation, interview segments for coding were determined. 

Segments were then assigned to specific categories. Prototypical segments were 

chosen as anchor quotes that helped describe and define the categories (Table 1).  
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Table 1 

Selected anchors derived from interview analysis 

Experiment -oriented notion: 

‘To understand how experiments are set up 

and what aspects have to be considered. That 

you repeat and apply these methods over and 

over again. How you collect and analyse 

samples. For example, how you deal with 

measurement error. That it is a natural 

science, with its own methods, namely 

observing and experimenting.’
1
 

Model -oriented notion: 

‘I want to put the belief in perspective that a 

physicist just does experiments to look at 

how nature works. An intelligent human does 

not do this. She or he first of all develops a 

mental model and then checks his model.’
2
 

Authority -oriented notion: 

‘I think mainly that I am the one who teaches 

them [the students] a certain form of 

knowledge. The students can count on that 

what I tell them is right.’
3
 

‘I think that students have to know that 

everything follows distinct  natural laws’
4
 

Discourse -oriented notion: 

‘There are things that can be looked at from 

different sides. THE solution as such or THE 

Physics as such does not exist, there are 

simply different approaches.’
5
 

‘To try to discuss a phenomenon […] and the 

one with the strongest arguments is right.’
6
 

 

Results of the Interview Study 

The interview analysis led to a two-dimensional taxonomy for notions about science 

and a taxonomy for methods of instruction of which each dimension holds four taxa 

and each taxon representing a characteristic notion about science or instructional 

method (Figure 1). Interrater reliability of the taxonomy was analysed with three 

independent interraters. Fleiss’ Kappa was κFleiss 0.85±0.07 (Landis, 1977). 

All interview segments showed a connection to either physics as a scientific discipline 

or physics as a school subject. This finding is in correspondence with previous studies 

(Guerra-Ramos, Ryder & Leach, 2008). In some cases this differentiation was 

explicitly described and explained. But it was mostly the case that a teachers’ 

explanation concentrated on one specific context solely. Consequently, this finding 

led to the separation of the notions about science taxonomy into two main branches. 

  

                                                           
1
 Wie man überhaupt das Experiment aufbaut und was man da berücksichtigen muss. Dass man diese 

Methoden immer wieder wiederholt und anwendet. Wie man diese Beobachtungen sammelt, auswertet. 

Zum Beispiel wie man mit Messfehlern umgeht. Dass es eben eine Naturwissenschaft ist, die mit ganz 

eigenen Methoden, eben das Beobachten, Experimentieren. 
2
 Also ich möchte auch das Bewusstsein relativieren, dass der Physiker einfach Experimente macht, um 

der Natur auf die Finger zu schauen. Das macht ja kein vernünftiger Mensch. Also er entwickelt zuerst 

einmal ein gedankliches Modell und überprüft dann sein Modell eigentlich. 
3
 Ich denke hauptsächlich, dass ich derjenige bin, der ihnen eine bestimmte Art Wissen vermittelt. Die 

Schüler können davon ausgehen, dass das, was ich ihnen dort erkläre oder versuche beizubringen, dass 

sie davon ausgehen können, dass das auch stimmt. 
4
 Ich denke, dass die Schüler wissen müssen, dass alles nach bestimmten Gesetzmäßigkeiten abläuft. 

5
 Es gibt Sachen, die man von verschiedenen Seiten betrachten kann. Es gibt nicht DIE Lösung oder 

DIE Physik, sondern es gibt einfach mehre Weisen. 
6
 Versuchen, sich über ein Phänomen zu unterhalten […]und je nachdem, wer gewinnt, da muss man 

gucken. 
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Figure 1 

Resulting taxonomies after interview analysis and interrater reliability testing 

The first characteristic notion about physics as science and first taxon was the 

experiment-oriented notion. According to the anchor quotes, experiments within 

research are proposed to represent the scientific method, the scientific heart of 

knowledge production, or for proving scientific evidence. Referring to teaching 

contexts, experiments are either used for evidence demonstration or fulfilling 

illustrative purposes. The model-oriented notion within the scientific context 

overlapped with model-oriented descriptions of teaching situations. In both cases the 

notion of a model is understood as an expression of world views, in which different 

perspectives have to be integrated into a greater picture. 

For the authority-oriented notions about science, the segments referred to authorities 

as text books, outstanding personalities, or established habits. In this particular notion, 

authorities function as orientation points against which an individual opinion is 

aligned. 

The discourse-oriented notion expresses an understanding of science which is 

dominated and created by discourse. The different discourses described are situated 

either within the physics scientific community or take place between physics 

representatives and institutions or fields outside the physics domain and other 

academic disciplines or politics. Within teaching contexts, the discourse-oriented 
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notion mostly referred to classroom discussions among students and teacher, or result-

open experimenting. 

The methods of instruction taxa referred to teaching and learning strategies that the 

physics teacher offers or enacts. Two of the taxa describe ways a teacher acts and 

teaches in the classroom. These are the techniques teachers reported to apply for 

knowledge transmission or generation, and are either teacher-centred or student-

centred. 

In contrast to this, the learning techniques taxa describe two different notions about 

how students learn. Within these categories are descriptions of how a teacher creates 

the learning environment, or provides tools and techniques for students’ learning. 

QUESTIONNAIRE STUDY 

In this section the questionnaire construction and validation are delineated. 

Questionnaire Construction 

The second research stage was led by the questions (1) how can the constructs be 

measured? and (2) what are possible interdependencies between Notions about 

Science and methods of? Therefore a questionnaire was constructed and tested. 

Based on the interview study and the extracted anchors, a questionnaire for online 

assessment was designed in such a way that each scale measures one specific taxon 

from the taxonomy presented above. The scales contained different numbers of items. 

Each of these items had to be ranked on a five-point Likert-scale. 

Moreover, the frequency of using specific social forms and media had to be indicated 

on a five-point scale. Following the taxonomy, notions about science were measured 

separately for physics as research discipline and physics as school subject. Items were 

derived from the anchor quotes from Study 1. 

 

Table 2 

Item from the notions about science – Physics as science Scale 

Scientific results… Answers to be ranked from 1 to 5 

… are generated through experiments. Fully disagree (1) – fully agree (5) 

… are developed by means of models. Fully disagree (1) – fully agree (5) 

… originate from established positions. Fully disagree (1) – fully agree (5) 

… are generated within scientific discussions. Fully disagree (1) – fully agree (5) 

 

Items exposed participants to a question or statement (item trunks) with four given 

answers corresponding to the four sub-categories of the dimensions (Table 2). 

Participants (N=65) were asked to rank all statements on a five- point Likert-Scale. 

For measuring methods of instruction, we also modified a collection of single 

statement items from a previous study (Duit & Mikelskis-Seifert, 2010). Additionally, 

the prevalence of different social forms in instruction and the use of different media in 

the classroom had to be indicated on a five-point frequency scale. 

Social forms are an important structural element of teaching designs (Mansour, 2009). 

They affect the levels of student participation in the coursework and hence affect their 
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learning outcomes (Nunn, 1996). The choice of media a teacher makes and uses for 

teaching transports a specific conception of science. In school students are typically 

taught to orientate their learning and their argumentation along proofs of evidence. 

But it is the medium that actually transports the evidence of a scientific notion. 

Therefore the selected media are a crucial point for a teacher in designing teaching 

scenarios. 

Beyond that, choice of media has an impact on pupils’ future development since it 

pre-configures the knowledge and argumentative structures of the pupils and lays the 

fundament for processing not only knowledge but also future questions (Whitehead, 

1925; Schulze Heuling & Reuther, 2013). 

 

Table 3 

The category system of notions about science and methods of instruction with 

corresponding reliability values (Cronbach’s α) 

Scales: Notions about Science - Physics as Science  No. of items α 

1a.1 Notion: experiment-oriented 6 .91 

1a.2 Notion: model-oriented 6 .79 

1a.3 Notion: authority-oriented 6 .70 

1a.4 Notion: discourse-oriented 6 .81 

Scales: Notions about Science - Physics as School subject No. of items α 

1b.1 Notion: experiment-oriented 5 .66 

1b.2 Notion: model-oriented 4 .75 

1b.3 Notion: authority-oriented 4 .70 

1b.4 Notion: discourse-oriented 3 .79 

 

 

 

Scales: Methods of Instruction No. of items α 

2.1 Method: student-centred teaching 8 .86 

2.2 Method: teacher-centred teaching 7 .85 

2.3 Method: transmission learning 7 .88 

2.4 Method: construction learning 8 .95 

 

Questionnaire Validation 

The questionnaire was analysed for reliability and confidence of the factorial structure 

(Table 3). Explorative factor analysis with Kaiser normalization and varimax rotation 

confirmed the four sub-categories for notions about science as a scientific discipline 

with an explained variance of 59.3 %. 

Also, the four-factorial structure for Notions about Science for physics as school 

subject was confirmed and yielded an explained variance of 78%. The four scales for 

methods of instruction could be reproduced with an explained variance of 71.3 %. 

Reliability tests showed good results with uncritical values for ceiling effects and item 

difficulties (Table 3). 

Values for Cronbach‘s α ranged from α = 0.91 to α = 0.61. Reproduction of the 

factorial structure and good reliability values show that the problems and questions 

posed to the candidates were understandable and could be encoded. 
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FURTHER ANALYSIS OF THE QUESTIONNAIRE STUDY 

A first look at the mean values for the notions about physics scales suggested a 

similar pattern of science notions within scientific and educational contexts. Ratings 

for experiment- and model-oriented notions were highest and authority-oriented 

notions were rated lowest. 

Significant differences between notions about science with reference to physics as a 

natural science (dotted bar in Figure 2) and physics as school subject (dashed bar in 

Figure 2) were found conducting further t-test analysis. It shows that the mean values 

for experiment-oriented notions do not significantly differ whereas for the three other 

notions the means significantly deviate from each other. 

The model-oriented notion mean differences are highly significant (p=0.000) with a 

large effect size (d=1.19). The means showed that physics as a natural science is more 

strongly considered to be a model-oriented discipline than physics as a school subject. 

The same tendency was diagnosed for the authority-oriented notion. The mean 

difference was highly significant, but with a smaller effect size. In contrast to model- 

and authority-oriented notions, where physics as a natural science was rated higher, 

physics as a school subject was understood to be more discourse-oriented than the 

natural science physics. The effect size of d = 0.45 reflects a medium effect strength. 

The means showed that physics as a natural science is more strongly considered to be 

a model-oriented discipline than physics as a school subject. The same tendency was 

found for the authority-oriented notion. The means difference was significant on the 5 

% level with a medium effect size. In contrast to model- and authority-oriented 

notions where physics as a natural science was rated higher, physics as a school 

subject was understood to be more discourse-oriented than the natural science 

physics. 

Reported instructional methods revealed high mean values for student-centred 

teaching and construction oriented learning techniques. Here, the means reached 

values of 2.8 and 3.7 respectively, while teacher-centred teaching and transmission 

learning techniques were rated lower with mean values of 2.4 and 2.5 respectively. 

The means are listed in table 4. 
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Figure 2 

Means for notions about Physics as a natural science (dotted) and for Physics as a 

school subject (dashed) 

  

 

The results suggest that teachers indicated their teaching techniques being less 

teacher-centred and as offering pupils learning situations that rely less on passive 

learning and rather rely on active learning processes. However, the results can be 

further interpreted when we draw the indicated usage of social forms and types of 

media into account. The reported most frequently used social forms were group work 

and class work with means of 3.7 and 3.6 respectively. Partner work reached a mean 

value of 3.4 and individual work as a social form is used less with a mean value of 

2.3. 

 

Table 4 

Mean values of methods of instruction, social forms and media used for teaching. 

Methods of instruction had to be rated from 1 = fully disagree to 5 = fully agree. 

Social forms and types of media had to be rated on a five-point frequency scale 

ranging from 1 = never to 5 = always 

Method of 

Instruction 

Student- 

centred 

Teacher- 

centred 

Transmission 

learning 

Construction 

learning 

Means 2.8±0.9 2.4±0.8 2.5±1.1 3.7±0.9 

Social forms Individual work Partner work Group work Class work 

Means 2.3±0.7 3.4±1.6 3.7±1.2 3.6±1.1 

Type of 

Media 

Chalk 

board 

Overhead 

projector 
Internet 

Expert 

talks 
Worksheets 

Physics 

collection 

Model 

representa-

tions 

Means 3.8±1.2 3.0±1.0 2.7±1.0 1.7±0.7 3.7±1.2 4.3±0.7 3.4±1.0 
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For media use, the highest mean was reached by the medium physics collection (Table 

4). The similar mean values for the didactic-related notions about science as 

experiment- and model-oriented suggested a comparably high usage of model 

representations and experiments for teaching purposes. But a closer look at the mean 

values for media showed that this was not the case. Interestingly, the teachers reported 

that they use model representations less often (occasionally) in the classroom than the 

physics collection (very often). 

To gain first insights into how notions about science and methods of instruction might 

be interconnected, linear regression analyses were conducted. For example, in order to 

identify how notions about science and media usage have an impact on methods of 

instruction, several models of multiple linear regressions were computed. 

In order to achieve undistorted and robust results the model preconditions have to be 

inspected. This becomes even more important for smaller sample sizes. In this 

analysis we controlled that neither scatterplots of the standardised residues against the 

independent nor the Cook-Weisberg test pointed out heteroskedasticity or 

specification errors. Furthermore, histograms of p-p-plots showed normally 

distributed residues. 

Below the model for influences on transmission teaching techniques is shown (table 

5). A negative influence on transmission techniques applied for a discourse-oriented 

notion of Physics as school subject and the use of the internet for teaching and 

learning purposes. In contrast, higher ratings for chalkboard usage and an authority-

oriented notion for physics as a natural science increased with a characteristic 

transmissive teaching attitude. 

 

Table 5 

Model of Linear Regression showing influences on transmissive instructional 

techniques 
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SUMMARY AND CONCLUSIONS 

The two studies presented are of an explorative nature. The first study, a descriptive 

interview analysis, led to a three-dimensional taxonomy that could reliably be applied 

to interview segments by three independent raters. Within the second study, the 

taxonomy was successfully operationalized and an online questionnaire was 

successfully designed and tested. First, the taxonomical structure could be replicated 

by means of explorative factor analysis. Second, the scales showed good reliability 

values and no ceiling effects. 

The pilot study data was further analysed for hypothesis development. The 

comparison of the mean value provides preliminary evidence that physics teachers 

notions differentiate between the scientific discipline and the taught subject. A further 

hypothesis is that the notions about science and the media used for teaching have an 

impact on the methods of instruction in such a way that authoritative scientific notions 

are linked with transmissive learning offers, and single focus, attention-drawing 

media, such as chalk boards.  

Data collection for a large scale study is currently running in the three German 

speaking countries of Austria, Switzerland and Germany. This study with a sample 

size of over 200 in-service Physics teachers will allow extended statistical analysis of 

the interdependency of notions about science and Methods of instruction. The study 

aims to help educational researchers to understand different ways of how physics 

teachers make sense of science, and also wants to provide an empirical approach that 

could serve as a basis for further discussions. 
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Abstract: Appreciating and understanding the nature of science [NOS] is challenging 

for young children. Providing learning opportunities to act as a scientist can help them 

grasp scientific ideas. This paper discusses contrasting ways in which drama has been 

applied, in two culturally diverse situations, to engage and immerse seven to ten year 

olds in acting as scientists so that the children can better understand scientific 

processes and the nature of scientific endeavour. The UK approach adopts a 

monologue (delivered either by the classroom teacher or an actor-in-role) followed by 

reflective contemplation and connected practical activity and the NZ technique 

espouses the Mantle of the Expert (MotE) learning model. The MotE approach 

encourages the use of drama to develop a role within an authentic (but fictional) 

scientific enterprise. There is evidence that both of these approaches support children 

developing their epistemological understanding of scientific processes and their 

conceptual appreciation of various aspects of scientific concepts.  

 

Keywords: primary science, drama, nature of science 

 

INTRODUCTION  

In this paper we describe how drama can be used to support teaching about the nature 

of science, using Lederman's tenets (2004) as a guiding framework, in a way that 

captures the multifaceted nature of science in the real world. In both of the studies 

described in this paper opportunities occurred to learn about different aspects of the 

nature of science through the use of drama. In doing so the children engaged with and 

in science; stereotypical views that children commonly hold about science and 

scientists were challenged. The use of drama allowed children opportunities to 

experience and reflect on scientific values and behaviours, and consider the 

relationship between science in society. 

Curricular imperatives 

The current (and new draft) curriculum for primary science in the UK highlights the 

importance of children appreciating the processes and methods of science through 

practical activities. More recent policy documents emphasize how understanding of 

the nature of science [NOS] should be under-pinned by children „working 

scientifically‟ (DfE, 2012).  

Strand 6 Nature of science: History, philosophy and sociology of science

1005



The New Zealand Curriculum places the NOS strand as overarching and compulsory 

in order that students can participate as critical and informed citizens in a society 

where science plays a key role (NZ Ministry of Education, 2007). However, New 

Zealand [NZ] primary teachers are generalists, often lacking confidence and expertise 

in science, and have had little support to develop NOS-focussed teaching approaches 

(Bull, Gilbert, Barwick, Hipkins & Baker, 2010; Education Review Office, 2010). 

This is echoed by UK primary practitioners (Ofsted 2011). The two quite distinct 

approaches devised, through drama, in different countries are considered here to 

illustrate how teachers can scaffold drama conventions to support learning about 

scientific processes and the NOS. 

The Nature of Science 

Duschl (2008) suggests that students should come to understand not only aspects of 

the knowledge of the natural and physical world that science has developed over time, 

but also “how we know what we know and why we believe it” (p. 269). Lederman 

(2004) used a consensus process to identify aspects of the nature of science important 

for students to come to understand, in which he includes that scientific knowledge is 

“tentative,…empirically based,…subjective,…involves human inference, imagination 

and creativity,… and is socially and culturally embedded” (p. 304). Hodson (2009) 

stresses that such understanding is not another set of facts to be learned, but develops 

through appropriate experiences. Ford and Forman (2006) suggest that practical 

experience of the roles that scientists play is a way to develop this epistemological 

knowledge. This paper uses these tenets of the NOS to illuminate the ways in which 

drama could support epistemological learning. 

Drama and science 

There have previously been studies that have categorized the ways that drama can be 

applied to contribute to science education. Ødegaard (2003) indicates there are three 

types of science drama; that which promotes science as a product, that which 

highlights the process and nature of science and that which conveys science as an 

institution in society. She also categorized science drama as explorative (where 

students initiate and experientially engage with the science), semi-structured (role-

play) and structured (determined by the teacher, activities which could be highly 

scripted). Teachers have used for some years mime-based activities focused on 

different science concepts and there has been limited historical enactment 

opportunities for students (Dorion 2011a). Dorian (2011b) has extended deliberations 

around the way that students may anthropomorphize science concepts when younger 

and he highlights the importance of reflection and discussion to address the inaccurate 

ways that children may humanize objects and processes. McSharry and Jones (2000) 

have elaborated on the ways role-play can offer cognitive development as well as 

promote procedural understanding. Aubusson and Fogwill (2006) connect Dorion and 

McSharry‟s notions by suggesting that role-play can be used to elicit ideas and 

promote elevated discussion.  

Strand 6 Nature of science: History, philosophy and sociology of science

1006



Discussing, thinking, talking and acting out ideas (at varied levels) will appeal widely 

regardless of writing and reading capability. The learning process is activated through 

the child becoming an active agent in their own learning and mediated through 

working with others. The drama tasks offer a means of contextualising language and 

actions that can activate creative, critical and metacognitive thinking. The drama 

provides non-verbal and verbal opportunities for the children, not only to express and 

communicate their ideas, but also negotiate with others the best way to convey 

scientific understanding(s). Opportunities to negotiate meaning and develop ideas 

through interactive dialogue, rather than use of didactic approaches, occur through use 

of drama (Dorion, 2009; Ødegaard, 2003). 

Science is sometimes perceived as elitist, accessible to only the most able. Through 

drama, however, children can be offered a more active, inclusive and non-traditional 

way to learn science. Barab and Duffy (2000) suggest that students can learn through 

use of practice fields. These are contexts in which learners can practise the kinds of 

activities that legitimate participants such as scientists use. Practice fields are 

separated in time and setting from the real field and comprise authentic activities 

carried out in an environment and circumstance as close as possible to that of the 

legitimate practice. Practice fields are a concept applied to generation of computer 

learning environments, but the use of experiential drama can be viewed similarly.  

Pedagogical methods implicit in drama education present opportunities to create as-if 

worlds in the classroom that can foster learning in authentic contexts (Andersen, 

2004). Andersen explains that positioning learners as scientists, taking on an expert 

role to solve a problem of interest, situates the science laboratory in the classroom. 

They posit that this role as scientists in an as-if laboratory must provide learners with 

sufficient scaffolding to engage in meaningful roles. Warner and Anderson‟s (2004) 

research further illustrates this claim. Children positioned as expert scientists 

commissioned to prepare snail care manuals to inform the local zoo‟s new exhibit 

performed significantly better in their writing and accuracy of anatomy than the 

control group not exposed to this role positioning.  

Narratives illuminating scientists‟ lives can prepare children before they are immersed 

in, and engaged with an authentic scientific task. Through varied enactments of, and 

reflections about, the ways that scientists have worked in the past, children can come 

to appreciate the NOS (McGregor, 2012). These theatrical approaches can promote a 

kind of empathy and present dilemmas that resonate with the kinds of issues real 

scientists might face. Placed in this kind of situation, where children can make real 

choices about how to carry out experiments, they can by pretending and, imagining 

in-role, feel what it is like to be a scientist!  

THE TWO CONTRASTING PROJECT DESIGNS 

The UK study 

The UK study was conceptualized as participatory Action Research (AR) that utilised 

mixed methods (Martinovic et al 2012). The project was designed to be an 
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exploratory study scrutinising the changing nature of teachers‟ (and their learners) 

learning stories (Carr, 2001) as they learnt more about science through applying            

theatrical techniques (McGregor, 2012) in their classrooms. The AR encompassed 

regular workshops (one or two per term) devised to show and share innovative ideas 

and materials with participants that were then invited to trial them [the novel 

theatrical teaching] back in school in their classrooms. The teachers were given 

cameras, computer magnifiers and props when charged with sharing their successes 

and how they overcame challenges in subsequent workshops. The workshops 

included a range of drama conventions, but emphasized particularly the use of 

monologues to provide mini-speeches as if from the scientist themselves. These short 

talks provided personal insights into the scientist‟s work and life. They could be 

presented by the teacher (dressed up with a few props), a teaching assistant or a well 

versed child. There are also videos available that could be played for the children to 

watch (see http://www.azteachscience.co.uk/ext/cpd/dramaticscience/historical-play-

monologue.html). The monologues (extract below in Figure 1 from Harbutt) have 

been successfully used as an introduction to a tableau (a still depiction of Harbutt‟s 

multiple characteristics as a whole class or in small groups) followed by an 

investigation that is similar or based upon the work the scientist may have done. 

William Harbutt‟s story, about the man who invented plasticine, could be used as an 

introduction to creating a modeling material (from a range of materials such as flour, 

water, food dye and salt).  

 

The following extract can be read by a teacher, teaching assistant or a child. They 

could wear clothing, similar to Harbutt, that has been a grubby art-type apron/top that 

a potter or artist may have worn over 50 years ago.  

The Most Perfect Material 

When I was a boy, I was only happy when my hands were busy. I never liked to have 

empty hands; it never felt quite right to me. Always a stone to carve with or a piece of 

charcoal to draw with…I don’t suppose I have changed very much. The only thing I 

ever liked as much as making things myself, was instructing others to do so, helping 

them to create with their own hands, not surprising then to myself or anyone else that 

I became an art teacher. The thing that always delighted me the most was clay, to 

form models with the cool dampened pieces cut from huge slabs in the studio. I loved 

to carve and to pinch and to shape, but sadly, the clay did not seem to like me quite so 

much in return. As I worked at it, the clay resisted and fought back, it was hard work, 

needing strength that not everyone has. Then when finally I got it to do what I wished, 

it stubbornly stayed that way, dried out and fixed. Many times I or my pupils would 

return to a piece of work only to find it too hard and dry to carry on working on…… 

Figure 1: Extract from Harbutt‟s monologue (The Most Perfect Material), a part of a 

mini-speech, which could be read by the teacher as if the scientist themselves to 

introduce a way of thinking about how scientists work.  
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After listening to this exposition, the children would discuss (through responding to 

the teacher‟s questions) what they knew from the speech about their work and the 

kind of life they had. They would also be guided to consider how the scientist had 

similar skills (often when younger) to themselves. Reflective conversation about the 

scientist and their capabilities and achievements would then be conveyed through the 

children posing (in a whole class „picture‟) to represent talents such as „persistent‟ (by 

a facial expression showing grit and determination) or „thoughtful‟ (a pose with a 

finger propping the side of the face) or „artistic‟ (flamboyantly stroking a paintbrush 

on a virtual canvas) or „entrepreneur‟ (carefully counting and logging money earned).  

The follow-up practical activity that the children were invited to respond to was 

purposely designed as an open investigation (given flour, water, salt, oil, mixing 

bowls, spoons, jugs etc) they were told it was “Investigating like Harbutt”, and they 

were given these tasks :  

Using the materials available make gloop, play doh or slime.  

When you have created them, in your groups, discuss and decide :  

1. What can you find out about each substance?  

2. Which is the best substance to model with? Why?  

 

The 21 teachers and approximately 500 children from ten state schools (from 

Staffordshire and Stoke-on-Trent in the UK) engaged with the „Dramatic Science‟ 

project regularly to share their reflections. The mixed method approach enabled 

collation of varied evidence of their widening experiences of using drama and 

associated development of scientific understandings. Reflections of science and drama 

confidence and competence were contrasted (through informal discussions, 

interviews, and carefully constructed questionnaires) at the beginning and end of the 

project. The aim of the project to equip elementary teachers, with a wider range of 

pedagogic tools to teach a challenging subject was also judged by the ways in which 

the teachers engaged with assorted tasks during the workshops and completion of 

reflective journals throughout their experience. Resources and suggestions generated 

through the project were freely imparted. These were interpreted alongside the more 

formal research findings to infer developments in the children‟s and teacher‟s learning 

stories.  

 

The NZ study  

The study presented here will inform the first stage of a participatory action research 

project to develop the use of drama to enhance science learning. The NZ study is a 

retrospective analysis of a case where Mantle of the Expert (Heathcote & Bolton, 

1995) was used in a primary classroom for a unit of work on marine biology, 

oceanography, and geology. The aim of the study was to ascertain the nature of 

learning opportunities for epistemological and conceptual science that occurred as a 
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result of the use of the Mantle of the Expert approach in a science learning context. A 

further aim was to identify when being in role enhanced learning opportunities. In this 

way aspects in both science and drama would be identified that could be useful or 

strengthened in the planning of future mantles.  

Mantle of the Expert is a model of inquiry learning developed by Dorothy Heathcote, 

where teacher and children work alongside each other as colleagues in a fictional 

enterprise (Aitken, 2013; Heathcote & Bolton, 1995). Through the use of drama 

children develop a shared belief and commitment to the fictional enterprise, which 

then provides a meaningful context for children‟s learning in the form of a 

commission, a professional task to be undertaken by the company (Aitken, 2013; 

Edmiston, 2003). Three pedagogic modalities are used in the development of a 

mantle: drama for learning, sometimes called process drama; inquiry learning; and 

expert framing, where students are positioned as adult experts (Aitken, 2013). The 

choice of enterprise, commission, role, and range of activities (both drama and inquiry 

based) are carefully designed and sequenced to support identified learning objectives 

in the curriculum learning area under focus, in this case the learning area was in 

science. At the same time, the use of inquiry allows students to follow their own 

directions and interests within the framing of the commission. The use of drama 

carefully positions the teacher as a co-player and co-researcher and this empowers the 

students to take a lead role in the learning journey (Heathcote & Bolton 1995; Aitken, 

2012).  

This Mantle of the Expert science inquiry was created and implemented by the 

teacher / researcher in the project and implemented with a group of Year 3 -4 (age 7-

9) who were selected for extension. Time was spent building belief in their company 

and stepping into their role as marine scientists. The students were commissioned, as 

marine scientists, to redesign the foyer of their workspace to inform the public about 

current research projects being done on their research vessel. In order to build their 

expertise, students participated in a science experience modelling the drilling and 

interpretation of core samples. During the inquiry learning phase of the mantle 

students used computers and books to find answers to questions they had developed 

about marine science research. They considered and developed ideas about what 

diagrams and images they would include on their posters. Another inquiry task 

involved the planning of a research expedition to Antarctica. They identified and 

studied equipment used by marine scientists and made annotated models of it for the 

foyer display. They planned where and when they would take samples using maps. 

Once students had completed their research posters, the drama practitioner/ researcher 

entered the classroom in role as a company manager to add the dramatic tension 

element, the potential withdrawing of funding for the display. Students were required 

to present their group work to her. A team meeting was held. In role, students argued 

why they felt their informative foyer design was important and why funding should 

continue, arguing the importance of marine scientific research to NZ society.  
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The science practitioner/researcher became involved in the analysis of the learning 

which occurred several months after the completion of the mantle. To analyse the 

learning the children engaged with, Lederman‟s framing of the NOS (2004) was 

applied. 

FINDINGS  

The UK study 

In the UK study the children were asked reflectively (after engaging with the 

theatrical activities) what they thought about using drama to learn science.  

Table 1 

Children’s reflective responses to a questionnaire exploring their views of drama 

activities - summary of the responses from the 8 – 11 year olds involved in the project 

(n = 230). 

Statements children were invited to agree or 

disagree with 

% of children 

that agreed 

with statement 

Using drama to learn science …is more fun 80 

Using drama to learn science …helps because 

we act things out more 

72 

Using drama to learn science …helps me 

understand harder ideas 

55 

Using drama to learn science …helps me learn 

more 

62 

Using drama to learn science …helps because 

we talk about things more 

60 

Listening to stories about scientists lives helps 

me understand how scientists work things out 

61 

When the children were also asked about the ways that using drama to learn science 

helped them with their enquiry skills, the following Table 2 indicates the ways in 

which understanding scientific processes was supported. Not all children felt that 

drama helped them, but the majority certainly did think it was helpful. 

It appeared then from, the children‟s perspective that they had, indeed, developed not 

only an appreciation of scientific methods and practices, but they had also immersed 

themselves in the context of scientific enquiry and honed their scientific literacy.  
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The NZ study  

In the first stage of the mantle the children developed commitment and built belief in 

their roles as marine scientists in the fictional company (New Zealand Centre of Sea 

Science Activity [NZ COSSA]). This was a slow process which set the scene for 

purposeful science learning and inquiry later in the mantle. 

Table 2 

Children’s reflective responses to a questionnaire about which aspects of scientific literacy and 

inquiry drama helped them understand (n = 230; where total percentage is not quite 100 

children skipped that particular question). 

Aspects of scientific 

enquiry (and literacy) 

supported through 

dramatizing science 

learning 

Percentage of 

children that 

replied 

drama ‘helps 

a lot’ 

Percentage of 

children that 

replied drama 

‘helps a little’ 

Percentage of 

children that 

replied drama 

‘doesn’t help’ 

asking questions  34 50 16 

thinking of new ideas 52 36 11 

testing ideas  53 30 16 

explaining things 53 30 16 

using simple equipment  38 33 27 

making observations  40 41 17 

making measurements 25 37 36 

seeing patterns 40 35 21 

using evidence to make 

conclusions 

42 36 19 

knowing how to improve 

experiments 

47 27 25 

 

Planned out-of-role activities assisted children to step into the shoes of marine 

scientists and understand more about the nature of their work. They read newspaper 

articles and looked at photos about marine research in the Southern Ocean. The 

children completed inquiry work about marine scientists, watching examples of 

scientists on the Joides Resolution (a genuine marine research vessel), reading articles 

on websites, and emailing questions to a fictional sea scientist which were answered 

by a genuine scientist.  

In-role work included students imagining themselves as marine scientists drilling a 

core sample: “Ms Gain had created a sea floor model that had different layers, made 

Strand 6 Nature of science: History, philosophy and sociology of science

1012



up of cake slices and coloured play-dough. Some of us took turns to add/deposit some 

new, recent layers to our sea floor to help us understand that the top layers in a core 

are the newest…”. This experience linked to the investigation objectives of the 

curriculum that expect children to “Extend their experiences and personal 

explanations of the natural world through exploration, purposeful play, asking 

questions, and discussing simple models” (NZ Ministry of Education, 2007b, p.60). 

Substantive learning opportunities about the structure of the earth also occurred at this 

time.  

Once children were committed to their roles and had begun to think of themselves as 

being members of the enterprise, and the mission statement, company logo, company 

values and historical company timelines were established, the next stage of the mantle 

was enacted. Students received their commission, to design a new foyer display to 

attract more public interest in the work done by the company, to support schools 

wanting to teach children about science in the waters around New Zealand, and to 

help convince funding authorities to continue supporting their work.  

To summarise, children described scientists as real people engaged in authentic and 

purposeful work that requires funding. Substantive understanding was developed 

about the living world, largely through reading and computer research, and about the 

sedimentation process in the same manner and additionally, through investigation in 

role. There was opportunity to understand something of the nature of scientific 

investigation and the way scientists come to understand the natural world as students 

planned where and when to take core samples and examined model cores.  

Using Lederman‟s tenets (2004) to examine the opportunities children had to learn 

about science shows that they had limited opportunities to see scientific knowledge as 

tentative or subjective and involving human inference but some opportunity to see it 

as empirically based. Although the children were able to use imagination and 

creativity in exploring the nature of being scientists, they did not have opportunity to 

realise how imagination and creativity are used within science; while they used 

imagination and creativity to “be” scientists” they did not use them “as scientists”. A 

strength of this mantle, however, was the opportunity to explore the relationship 

between science and society, i.e the socially embedded nature of science, and to see 

scientists as real people, trying to solve a problem. This was particularly evident in the 

third stage.  

DISCUSSION  

In both studies, children through drama, were provided with an opportunity to build 

their beliefs about scientists and enter fictional, but meaningful, contexts to develop 

their epistemological understandings about science.  

In the UK study the children were introduced to a narrative about a real scientist, their 

life and work through i, a mini-speech as if from the person themselves, and ii, 

through reflectively discussing the kinds of characteristics the scientist portrayed 
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through the monologue, and iii, forming a tableau of the traits of that person and 

finally iv, engaging in an investigation that strongly echoed the context and nature of 

the scientist‟s discovery or invention.  

In the NZ study, the children are also involved in stepped phases of deepening task 

engagement. The first is the contextual introduction to provide authenticity and 

purpose to their undertaking, that is establish the scientific location of the learning, 

imagining what it would be like as a scientist in that particular situation. This involves 

creating, through drama, a typical location (like a Centre for Sea Science, in this 

case). The second phase, is the planned out-of-role activities, such as researching the 

nature of work they would typically be doing; observing scientists-in-action and even 

questioning them about what they are doing. The third phase requires in-role 

imagining (as marine scientists) to expand their experiences through exploration, 

purposeful play and asking questions about simple models. This extends their role as 

member of the scientific team. Finally they are engaged in dealing with a real problem 

to solve as the team member. A teacher involved in this project noted, “The team 

showed they were able to think critically about the value of scientific marine research 

and its importance to society….they put forward a number of strong arguments about 

the importance of educating people about the scientific work done in the sea around 

New Zealand”.  

IMPLICATIONS  

Both the UK and the NZ curricula aim for children to develop epistemological 

understanding about science for the purposes of responsible citizenship.  

The UK study indicates how the reflective and reflexive use of monologues can 

inform, steer and even scaffold the nature and context of investigations with young 

children. The use of drama in this way can be effectively harnessed, supporting not 

only scientific literacy in an epistemological sense, but also enquiry skills in a 

pragmatic manner.  

The use of the mantle in the NZ study enabled students to step into the shoes of a 

scientist. Students developed concepts of scientists as people and the significance of 

their work to the public.  

In both of the studies described in this paper opportunities occurred to learn about 

different aspects of the nature of science through the use of drama. In doing so the 

children engaged with and in science; stereotypical views that children commonly 

hold about science and scientists were challenged. The use of drama allowed children 

opportunities to experience and reflect on scientific values and behaviours, and 

consider the relationship between science in society. 
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Abstract: In this paper it is discussed the debate about realism and anti-realism in the 

philosophy of science and its manifestations in the field of science education research. 

Considerations are made about some profound philosophical implications of radical 

constructivist teaching, especially the Ernst von Glasersfeld's Radical Constructivism.  

Moreover, is showed some criticisms about it by authors with realist veins. To enhance 

the relevance of this theoretical discussion proposal, it is shown a brief bibliometric 

study on the current presence of Realism x Anti-realism debate in science education. 

After, it is criticized the attitude of authors who, based on the philosophical doctrines of 

Wittgenstein, argue that the debate Realism and Anti-realism is useless and barren both 

in philosophy and in science education research. It is argued that the “Wittgenstein’s 

silence” can be quite constrainer from a philosophical point of view in science 

education. And it is thus argued that discussions about the reality of the atom, for 

example, can and should be done in science classes. It is shown that this is consistent 

with the idea that one should not only teach sciences but about the sciences, i.e. aspects 

of the nature of science or features of science. Face to an extremely rich, dynamic, 

complex and unresolved debate, and since there is no consensus among philosophers 

about a “definitive answer”, it is made an appeal to philosophical pluralism in science 

education, in opposition to dogmatic realist or anti-realist philosophical positions. 

Key-words: science education, philosophical plurality, realism and anti-realism, 

constructivism, wittgenstein’s silence 

 

INTRODUCTION: REALISM X ANTI-REALISM 

The question about the knowledge of reality is one of the most important problems in 

philosophy. Indeed, philosophical investigations about the possibility and foundation of 

knowledge are very traditional in philosophy. The “Plato’s cave” allegory strongly 

suggests that those investigations are historically pioneer and very profound in human 

thought.  

The debate between realists and anti-realists continues mostly present in many 

philosophical circles, since at least the last decades of nineteenth century. Indeed, there 

are many examples of disputes between realists x anti-realists interpretations in history 

of science: the realist interpretation of Copernicus on heliocentric model against the 

instrumentalist interpretation of Osiander; the metaphysical realism interpretation of 

Newton about (absolute) space against the skepticism of Leibniz; the realist 

interpretation about atoms of (older) Planck against the phenomenalist interpretation of 

Mach; Einstein's realist interpretation about quantum mechanics against Bohr’s 

Strand 6 Nature of science: History, philosophy and sociology of science

1017



Copenhagen interpretation, and so on (see Matthews, 1994, pp.163-177, and Niiniluoto, 

1999, pp.144-159). 

This philosophical debate had influenced many other fields, like economics, ethics and 

politics, and especially science education. The 1960s turn in the philosophy of science, 

caused by the crucial works of authors like Thomas Kuhn, Imre Lakatos and Paul 

Feyerabend, was one of the boosters of the influential wave. Nowadays the debate 

Scientific Realism x Scientific Anti-realism (henceforth we will consider the word 

Scientific implied) still open and unresolved in most of its instances. This is stated in a 

remarkable way by Niiniluoto (1999, p. v): “[A]s long as we are doing philosophy, no 

final consensus can be expected: the realism debate is one of its ‘eternal’ problems, 

since wholesale philosophical programmes cannot be proved or disproved by any single 

pro or contra argument”. 

Realism and Radical Constructivism in Science Education 

For unwarned minds, this debate may seem be too far from science education issues, but 

this is not true. Students, during all school years, daily faces teachers' speech full of 

scientific entities and processes, and they can’t verify it like any other object: I can see 

this chair, but what guarantee me that it is really made of atoms? Matthews (1994, p.4) 

describe us more explicitly this example: “A common occurrence in science classrooms 

is a child asking: If no one has seen atoms, how come we are drawing pictures of them? 

Such a child is raising one of the most interesting questions in philosophy of science: 

the relationship of evidence to models, and of models to reality. Good science teachers 

should encourage such questions and be able to provide satisfactory answers, or 

suggestions for further questions”. 

Historically, science education is close to this debate partially because of presence of 

some radical forms of Constructivism in research themes and methodologies applied in 

schools. Its currents were in high fashion in the last three decades of past century, since 

from the so called Piagetian Constructivism to Ernst von Glasersfeld’s Radical 

Constructivism. It received progressively several critiques since the 1990s, especially 

Glasersfeld’s posture. One of the postulates of Radical Constructivism is that “the 

function of cognition is adaptive and it coordinates the organization on sensible world, 

not the discovery of ontological reality” (von Glasersfeld, 1995, p.18). These types of 

doctrines can be understood as forms of Anti-realism in science education, once it 

reflect deep epistemological and ontological questions quite similar to those daily 

discussed in philosophy of science.  

Glasersfeld had great influence upon the development of constructivist theories in 

mathematics and science teaching mainly in the 80s of last century (Matthews, 1994, 

p.148). His systematic exposition of the epistemological and ontological bases of 

Constructivism was one of the most expressive of the time. Even today there is a 

significant number of followers of his radical approach. Defending the scientific world 

view in science education, which is next to a form of Scientific Realism, some authors 

argues that a deep problem with radical constructivist approaches is that it sustains an 

empiricist conception of knowledge (Matthews, 1992, p.34). And also, science classes 

wouldn’t worth at all if the students couldn’t link those knowledge learned in class with 

the “surrounding reality” (Pietrocola, 1999, p.221). 

In order to defend the Radical Constructivism, Quale (2007, p.264) argues that 

relativism, at the core of the doctrine of Glasersfeld, is not a monstrous illusion as often 

philosophical critiques seem to be passing. Epistemic relativism offers, according to the 
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author, a large explanatory power to point out the purpose and limitations of scientific 

knowledge. And yet, argues that Radical Constructivism does not necessarily imply 

ontological solipsism (inexistence of the external world) or axiological anarchism (all 

forms of knowledge have same value), as usually claim “realist authors”. After years of 

intense discussions, nowadays the debate Realism x Radical Constructivism in science 

education research is still relatively alive and polarized. 

A brief bibliometric study on the presence of the debate Realism and 

Radical Constructivism in science education journals 

With the sole purpose of illustrating the presence of debates about the foundations and 

philosophical critiques of the most radical forms of constructivism within the 

educational research, a brief bibliometric research were realized with international 

journals of science education research. Figure 1 shows graphically the number of 

articles that discuss aspects of Realism x Radical Constructivism debate published per 

year since 1900. A more complete version of this bibliometric research may appear in 

Noronha (2013). 

 

Figure 1: Graphic representing the number of papers related to Realism x Radical 

Constructivism debate in science education journals 

 

The primary research methodology tools were the websearch engines Education 

Resources Information Center (ERIC) and SpringerLink. The keywords used were 

"realism", "constructivism", "radical constructivism" and "pedagogical constructivism". 

For each article was read the abstract with the objective of verify if it was actually a 

work on foundations of Radical Constructivism, its philosophical critiques, or topics 

near. The main international journals were investigated, totaling fifty-six articles 

analyzed: Science & Education, International Journal of Science Education, Science 

Education, Cultural Studies of Science Education, Educational Researcher, Studies in 

Science Education, Australian and New Zealand Journal of Vocational Education 

Research, Electronic Journal of Science Education, Educational Theory, Journal of 
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Chemical Education, Australian Journal of Environmental Education, International 

Journal of Research & Method in Education, Critical Studies in Education, Review of 

Research in Education, Journal of Education and Work, Journal of Philosophy of 

Education, Qualitative Inquiry, Studies in Philosophy and Education e Journal of 

Science Education and Technology. It is important to stress that some relevant journals 

on the subject are not found in these databases, like Constructivist Foundations. The 

ratio of choice of the period (1990-2012) is due to the fact, as noted earlier, that many 

attacks on more radical versions of constructivism arose in the 1990s. 

Although this brief bibliometric research intends not to be fully representative, it gives 

us important signs of the debate Realism x Radical Constructivism (Anti-realism) in 

science education. In particular, it suggests that in recent years there has been a 

remarkable growth of the presence of debate among researchers in science education. 

Several surveys have been made concerning the presence of Radical Constructivism in 

science education. Matthews (1997, p.6), for example, cites a bibliographic study done 

at the University of Leeds with around a thousand papers written up until 1990 related 

to Constructivism, and also Reinders Duit estimation that up to that time there was by 

two thousand five hundred papers with constructivist themes published in journals of 

science education. More recently, according Tobin (2007, p.530), over three thousand 

papers related to Constructivism appeared in journals of great impact since mid-1970. It 

is difficult to build a current and representative estimate; however, it is reasonable to 

suppose that there was an increase in the number of papers about the philosophical 

foundations of constructivism and its more radical aspects, as one can notice in Figure 

1. 

 

BEYOND THE WITTGENSTEIN’S SILENCE 

Many philosophers and researchers in science education with philosophical veins 

believe that the debate Realism x Anti-realism has no place in science education. Some 

of them, based in Wittgenstein’s philosophical doctrines, argue that it is senseless, 

worthless and philosophically misleading. For instance, Gois and Giordan (2012) affirm 

that the question about if atoms are real or built is an illusory one, because “it is not 

possible to talk seriously about atoms without specifying a model” (ibid., p. 36). In 

another words, it is not possible to talk about atoms without a “language” (a scientific 

model or a theory), neither therefore to go beyond the language. Their posture seems to 

be confluent with the so called (first) “Wittgenstein’s silence”. More specifically, with 

the seventh (and last) proposition of his Tractatus Logicus Philosophicus (1921): 

“Whereof one cannot speak, thereof one must be silent”. 

Wittgenstein’s philosophy (in his Tractatus) has some curious characteristics that can be 

briefly mentioned. The objective existence of exterior world (and its parts, including 

scientific entities and processes), according to him, is a fundamental principle that 

founds a particular worldview, and cannot be proved by any means. This principle 

makes possible to evaluate “true” or “false” statements inside this worldview. But one 

can’t say a “true-by-itself” or a “false-by-itself” statement, because there is no ultimate 

warranty of existence (notice that it is not denied at all), and would be misleading to say 

“I know that the external world really exists” (Niiniluoto, 1999, p.38). The 

wittgensteinian silence doctrine became a fashioned philosophical view in the beginning 

of the past century. The wittgensteinian silence doctrine became a fashioned 

philosophical view in the beginning of the past century. In those years, Logical 

positivists used to mention Wittgenstein's ideas to highlight their own views about 
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philosophy of science. But according to Okasha (2002, p.62), nowadays only a few 

number of philosophers do take at the very letter this doctrine. It is consensual between 

most of the contemporary philosophers that epistemological and metaphysical problems 

do not reduce to problems of philosophy of language, the old positivist project. 

Anyway, Wittgenstein contribution to philosophy of twentieth century is immeasurable. 

Although we agree that Wittgenstein’s ideas are of great importance, it seems that his 

“silence” is too constrainer for science education issues. Taking it strictly, it may 

condemn us to live in a (limited) world of tautologies, and it disapproves us to go 

beyond logical conclusions from constraining sentences. All this, in our view, can bring 

negative implications for the scientific imagination, as well for students’ imagination in 

science classes. So, we intend to defend here a minimal realist attitude, technically 

speaking, to take the risk about what is extra-linguistic, about one external world 

beyond the Wittgenstein’s silence. Ultimately, we believe that the problem of 

knowledge shouldn’t be reduced to a language problem in all stances, including science 

education. 

For instance, in fact one can’t say that the “atom” in Dalton’s Kinetic Theory is the 

same “atom” in Bohr’s Atomic Theory, because they are different languages, different 

models. Nevertheless, both would agree that their theories try to say something about 

one of the smallest things in the world that constitute a part of the world. It seems that 

we really can’t talk about atoms outside a model, but we are compelled to say that most 

of our best contemporary theories about the “micro phenomena” try to say something 

about the smallest things in the world. Withal, using the (second) Wittgenstein’s 

concept of “family resemblances”, most of modern models of atoms have at least two 

“big scale resemblances”: atoms are always theorized as incredible small things, and, 

scientists always consider (in general) that atoms compose part of the directly visible 

world. Those resemblances seem to suggest (but never to prove, of course) that maybe 

there are really something beyond our models; that maybe there are really something 

extra-linguistic. Although maybe is impossible to know the “ultimate reality” about the 

atom, history of science suggests us to not obey any constraining doctrine. Otherwise, 

perhaps one would never talk, through the development of science, about “strange, 

extra-linguistic, and directly unobservable things” like nucleus, quarks, bosons, and so 

forth. 

Our point may be resumed on this: to say based on our best theories that something 

incredible small should exist is one of the acceptable philosophical postures, something 

next to a Scientific Ontological Realism (see Niiniluoto, 1999). This is not the only 

possible solution; there are a lot of others. This is just one simple example where one 

can go beyond Wittgenstein’s silence and make interesting and instigating philosophical 

questions.  

 

CONCLUSION: FOR AN PHILOSOPHICAL PLURALITY IN 

SCIENCE EDUCATION 

Beyond the Wittgenstein's silence there is an entire and complex world of philosophical 

specifications, positions, almost incomprehensible arguments for ordinary people, 

awkward terms and hundreds of names. There are no perennial consensuses between 

philosophers about what really is Scientific Realism or Scientific Anti-realism, and their 

positions are so varied that it seems we're taking a bad taxonomic class. The debate is a 

non-consensual aspect of Nature of Science, and because of that many authors argue 
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that the subject may not be discussed with the students (Eflin, Glennan & Reich, 1999). 

However, it is precisely its non-consensual aspect that may be an interesting and 

enriching element, especially in the formation of science teachers. Matthews (1994, 

p.191) found that the debate on teacher education courses can be rewarding, even for 

those students who have never studied history and philosophy of science. There are 

good reasons to believe that a science teaching without controversy (a "silent" science 

teaching) may be less enriching than one would appreciate. 

Some discussions about the debate Realism x Anti-realism may be worked out and 

understood as one of the goals of science education: namely, to learn Nature of Science 

or features of Science (see Matthews, 2012).That is, not just to learn the sciences but 

also about the sciences, their methodologies, their assumptions, their structures, their 

close relations with society, economics, politics, and so on. As an example, this has 

been made with physics students in Brazil in the context of theory of relativity (see 

Noronha, 2013).  

Because that there isn’t consensus too about the “essential” features of Science to be 

taught in schools (see Irzik & Nola, 2011), we defend one “democratic solution”: the 

philosophical plurality. Our claim is not a simple repetition of the familiar argument of 

Feyerabend for philosophical pluralism, or more specifically, for the methodological 

and axiological anarchy. Plurality can and should exist too in other domains of 

philosophy of science as epistemology and ontology. And this plurality shall include 

freedom of choice between various possibilities of philosophical positions present in 

Realism x Anti-realism debate (or Realism x Radical Constructivism). To remain silent 

(wittgensteinian agnosticism) is just one more possible choice. We call philosophical 

plurality the possibility of free and reflected choice through many possible 

philosophical postures and chains, based on the fact that most of each has strong 

arguments and failures (see Rozentalski et al, 2012). 

We deeply believe that a dogmatic (Anti) Realism or a constrainer philosophical-

wittgensteinian silence in science education might prevent a powerful enrichment in 

science classes from the conceptual, philosophical and historical standpoints. 
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Abstract: In this study, students’ understanding of models and modelling is assessed using 
ranking tasks which have been developed based on a theoretical structure distinguishing the 
five aspects purpose of models, nature of models, multiple models, changing models, and 
testing models. Six biological models were used to systematically develop six contextualised 
tasks for each aspect. In addition, one task per aspect without such a reference to a concrete 
model was used (i.e. 35 tasks in total). N = 1,349 students from secondary schools answered 
the tasks. Findings show differences in students’ understanding of the six biological models. 
For example, students seem to adopt more informed views concerning functional models than 
concerning diagrams. These differences, however, vary between the five aspects. Implications 
for teaching and assessment are discussed. 
 
Keywords: models and modelling, context-specificities, assessment, teaching 
 
INTRODUCTION 
Models are of crucial importance both for communication and reasoning in science (e.g. 
Laubichler & Müller, 2007; Morgan & Morrison, 1999; Odenbaugh, 2005). For example, 
Odenbaugh (2005) emphasises the use of models in theoretical ecology for exploring 
possibilities, investigating complex systems, providing conceptual frameworks, and 
generating predictions or explanations. 

Due to their important role in science, modelling is also seen as ‘a key process in teaching and 
learning science’ (Acher, Arcà, & Sanmartí, 2007, p. 399) and models are meant to be 
‘effective pedagogical tools’ for teaching scientific literacy (Halloun, 2007, p. 653). Gilbert 
(2004) argues that a stronger emphasis on models and modelling is a way to reach a more 
authentic science education. Windschitl, Thompson, and Braaten (2008) propose model-based 
inquiry as a new paradigm for school science investigations. Consequently, models are 
included in various science education standards documents (e.g. NGSS Lead States, 2013). 

Model-based teaching strategies can be used both for the learning of scientific content 
knowledge and for the reflection about models as a part of Nature of Science (Schwarz 
& White, 2005; Windschitl et al., 2008). Consequently, there are many studies in which 
methods of model-based teaching and learning are described (e.g. Acher et al., 2007; 
Clement, 1989) and students’ or teachers’ concepts about models and modelling in science are 
assessed (e.g. Grosslight, Unger, Jay, & Smith, 1991; Justi & Gilbert, 2003; Krell, Upmeier 
zu Belzen, & Krüger, 2012a; Trier, Krüger, & Upmeier zu Belzen, 2014). 

The importance of an assessment of students’ concepts about models and modelling arises 
from the perspective of at least three different organisational levels: the evaluation of the 
effectiveness of teaching strategies (e.g. Schwarz & White, 2005), the assessment of 
individual students’ understanding (e.g. Trier et al., 2014), and the monitoring of educational 

Strand 6 Nature of science: History, philosophy and sociology of science

1024



systems (e.g. Pant, Stanat, Schroeders, Roppelt, & Siegle, 2013). However, there are findings 
which propose that students express different understandings of models and modelling when 
different examples (i.e. different models) are shown to them in task stems (Al-Balushi, 2011; 
Krell, Upmeier zu Belzen, & Krüger, 2012b, 2014b). This provides evidence that an 
understanding of models and modelling might be context-specific. This is an issue of critical 
importance for science education because the form of students’ understanding (i.e. context-
specific or independent) influences the appropriate way of both assessment and teaching 
(Leach, Millar, Ryder, & Séré, 2000; Nehm & Ha, 2011; Schwarz, 2002). 

The present study provides further evidence about the form of students’ understanding of 
models and modelling by comparing students’ understanding of different biological models 
based on a theoretical structure proposed by Upmeier zu Belzen and Krüger (2010). 

 

THEORETICAL BACKGROUND 
Models and Modelling in Science 
Based on studies in philosophy of science, models can be defined as entities which are 
purposefully used to represent a part of the world (e.g. Bailer-Jones, 2003; Giere, 2010; 
Knuuttila, 2005). This rather broad definition is a result of the diversity of models and the 
range of possible modelling strategies (i.e. uses of models) in science. For example, 
Odenbaugh (2005) emphasises various uses of models in theoretical ecology (see above), 
Morgan and Morrison (1999) point out the purpose of scientific models to mediate between 
theory and reality (‘models as mediators’), and Suppes (1962) highlights the use of models to 
describe and process data (‘models of data’). Giere (1999, p. 56) concludes: ‘scientific 
reasoning is to large extent model-based reasoning.’ 

Models and Modelling in Science Education 
It is argued that students can learn scientific content knowledge by generating, evaluating, and 
modifying their own models (model-based teaching and learning; Clement, 1989; Windschitl 
et al., 2008). Furthermore, students should learn about models and the modelling process in 
science in order to get a deeper understanding of Nature of Science (Schwarz & White, 2005). 
Both aspects are emphasised in various curricula and science education standards documents 
(e.g. ACARA, 2012; KMK, 2005; NGSS Lead States, 2013). The present study focuses on the 
latter, which is on students’ understanding of models and modelling. 

In science education literature, there are different definitions of what students (and teachers) 
should know about models and modelling (cf. Krell, Upmeier zu Belzen, & Krüger, 2014a). 
The present study refers to the ‘model of model competence’ which was developed by 
Upmeier zu Belzen and Krüger (2010) in order to assess and to foster students’ understanding 
of models and modelling in biology education. This structure encompasses the five aspects 
purpose of models, nature of models, multiple models, changing models, and testing models. 
Based on theoretical considerations about models in general (e.g. Mahr, 2008), each aspect 
was further subdivided into three ordinal levels of understanding (Table 1). These levels have 
been made plausible empirically (Krell, 2012; Terzer, 2013). 

 

RELEVANCE OF THE STUDY AND RESEARCH QUESTIONS 
Schwarz (2002) defined core issues in research about ‘meta-modelling knowledge’ and its 
connection to a more general epistemic understanding. These core issues include: ‘If 
epistemic knowledge exists, what form might it take? (Is it more context-specific or 
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independent?) How can we assess it? (This depends on what form we believe this type of 
knowledge might take.)’ (p. 13–14). Nehm and Ha (2011) emphasise that research about 
context-specificities may extent the understanding of the cognitive processes which underlie 
task-processing. Furthermore, Leach et al. (2000) argue that the form of knowledge not only 
determines the appropriate way of assessment but also influences the adequate way of 
teaching. The research questions which are discussed in this study relate to these issues: 

RQ 1:  To what extent can differences between students’ general and context-specific 
understanding of models and modelling be observed within the five aspects? 

In a previous study, Krell et al. (2012b) have shown that students’ general understanding of 
the purpose of models differs from their context-specific understanding. Based on these 
findings, it is expected to find differences between students’ general and their context-specific 
understanding of all aspects described in the ‘model of model competence’ (Table 1). 

RQ 2: To what extent can differences between students’ understanding of models and 
modelling between different task-contexts be observed? 

Findings suggest that students express different understandings when tasks refer to different 
models (Al-Balushi, 2011; Krell et al., 2012b, 2014b). Therefore, it is expected to find 
differences in students’ understanding of the five aspects (Table 1) between different task-
contexts. 

 

Table 1 

The ‘model of model competence’ (Upmeier zu Belzen & Krüger, 2010) 
 Level I Level II Level III 

Purpose 
of Models Describing the original Explaining the original  Predicting something about the 

original 

Nature  
of Models Replication of the original Idealised representation of the 

original 
Theoretical reconstruction of 
the original 

Multiple  
Models Different model objects Different foci on the original  Different hypotheses about the 

original  

Changing 
Models 

Correcting defects of the 
model object Revise due to new insights 

Revise due to the falsification 
of hypotheses about the 
original 

Testing  
Models Testing the model object Parallelise the model and the 

original 
Testing hypotheses about the 
original 

 

METHOD 
Testing Instrument 
Ranking tasks have been developed based on the ‘model of model competence’. In each task, 
students have to rank representations (i.e. short sentences) of the three levels of understanding 
of one aspect according to their own views (cf. Krell, Czesekleba, & Krüger, 2012; Krell 
& Krüger, 2010, 2011). For illustrative purposes, Figure 1 shows ranking tasks for the aspects 
purpose of models and nature of models. Such decontextualised tasks (i.e. without a concrete 
model shown in the task stem) were used to assess students’ general understanding according 
to the five aspects (Table 1). 
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In addition, six different biological models were selected to develop contextualised tasks (cf. 
Krell et al., 2012b). Model 1: A mathematical curve which represents the relation of predators 
and preys diagrammatically (PRE). Model 2: A technical model of the human mouth (MOU). 
Model 3: Aplysia californica as a model organism which is used in neurobiological research 
(APL). Model 4: A computer simulation which models crossbreeding of mice (CRO). Model 
5: A functional model of a palm leaf (PAL). Model 6: A theoretical reconstruction of the 
Neanderthal man (NEA). 

 

The purpose of a model is ...   A model ...  

…  to show the original as precisely as possible.  
 

... shows what the original looks like.  

…  to explain relationships between parts of the 
 original.  

 ... shows appropriately important aspects of the 
 original.  

…  to attain assumptions about the original.  
 

... shows what is assumed about the original.  

Figure 1. Decontextualised ranking tasks for the aspects purpose of models (left) and nature 
of models (right). The ranking options represent levels I, II, and III (top down). 
 

A depiction and a short textual description of the six models (and the corresponding 
biological original) were used as task-contexts to develop contextualised tasks for all five 
aspects (Table 1). Hence, fulfilling the contextualised tasks, the respondents have to rank the 
three levels of one aspect with respect to the particular model. All in all, seven (1 
decontextualised, 6 contextualised) times five (5 aspects) stem-equivalent ranking-tasks were 
developed in this study (N = 35 tasks in total). 

Data Collection 
To reduce the effective test length and to control possible position effects of the tasks in the 
questionnaire, different test-booklets which contain only 12 or 13 of the 35 tasks were 
developed. In all booklets, the respondents had to answer three decontextualised tasks before 
answering nine to ten contextualised tasks. 

In total, N = 1,349 students from public secondary schools in Berlin (Germany) answered the 
tasks (school years 7 to 10; aged 11 to 18; 48 % female). The students received no special 
teaching with regard to models and modelling in science prior to the testing and voluntarily 
agreed to take part in the study. A standardised instruction related the study to models and 
modelling in biology and the students were told to answer in the way they personally think. 

Data Analysis 
For data analysis, only the students’ primary preference in each task was considered. Students 
who primarily preferred level I were scored with 0 points, students who primarily preferred 
level II with 1 point, and those who primarily preferred level III with 2 points. Based on this 
data, the Wilcoxon-signed-rank-test was used to analyse differences in students’ responses 
between the different tasks. 

Furthermore, the software ConQuest (Wu, Adams, Wilson, & Haldane, 2007) was used to 
estimate item-parameters based on Item Response-Theory (IRT) using a five-dimensional 
Partial Credit-Model (PCM; Krell, 2012; Masters, 1982) which was shown to have a better 
model-fit than less dimensional PCMs (Krell & Krüger, 2011; Krell et al., 2012a). The item-
parameters indicate the response-probability of high levels of understanding in the five 
dimensions purpose of models, nature of models, multiple models, changing models, and 
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testing models. Items with high parameters (‘difficult items’) are those items in which the 
students tended to prefer rather low levels of understanding. In contrast, the students preferred 
higher levels of understanding in items with low parameters (‘easy items’; cf. Bond & Fox, 
2001). So, the estimation of item parameters provides a sequence of the items for each aspect 
of models and modelling. 

Before interpreting the item-parameters, the model-fit of the PCM has to be evaluated. For 
doing this, ConQuest provides the sum of squared standardised residuals (MNSQ; Wu et al., 
2007) which has an expected value of 1 with an acceptable item fit ranging from 0.8 to 1.2 
(Bond & Fox, 2001; Penfield, 2004). ConQuest computes a weighted and an unweighted 
MNSQ. Because the unweighted MNSQ is especially sensitive to outliers, both statistics 
should be considered (Smith, 2000). 

 

FINDINGS 
The MNSQ-values range from 0.97 to 1.05 (unweighted) and from 0.98 to 1.04 (weighted) 
and, therefore, indicate a good fit of the PCM (Bond & Fox, 2001; Penfield, 2004). The item 
separation-reliability is high (rel.SEP = .98) but the person-reliabilities for the five dimensions 
are rather small (.26 < rel.EAP/PV < .34). 

Figure 2 shows the item-parameters in all five aspects. The decontextualised tasks’ item-
parameters (DEC) are comparatively high in the aspects purpose of models and nature of 
models which indicates that the students preferred rather low levels of understanding in the 
decontextualised tasks of these two aspects. In contrast, the students preferred higher levels of 
understanding in the aspects multiple models, changing models, and testing models which 
resulted in lower item-parameters (Figure 2). 

Figure 2. The item-parameters for the five aspects purpose (of models), nature (of models), 
multiple (models), changing (models), and testing (models) 
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In the aspect purpose of models, all contextualised tasks are easier than the decontextualised 
task and the differences are – based on the Wilcoxon-test – significant (p ≤ .013; cf. Krell et 
al., 2012b). In the aspect nature of models, the decontextualised task is still the most difficult 
one (Figure 2) but there are only significant differences between the decontextualised task and 
four of the six contextualised tasks (Appendix). Regarding multiple models, the 
decontextualised task is the easiest one and there are significant differences between the 
decontextualised and four contextualised tasks. Concerning changing models, the 
decontextualised task is located between the contextualised ones and is significantly easier 
than three contextualised tasks but more difficult than one (PAL; p < .001, r = .22). Finally, in 
the aspect testing models, only significant differences between the decontextualised task and 
the contextualised task APL can be found (p < .001, r = .22; Appendix). 

There are, in some cases, also significant differences between the contextualised tasks. For 
example, PRE is significantly more difficult than PAL (p < .05, r = .26) in the aspect purpose 
of models and significantly more difficult than PAL, MOU, and NEA in the aspect changing 
models (.001 ≤ p < .05, .24 ≤ r ≤ .32). Further, PAL is the easiest contextualised task in the 
aspects purpose of models, changing models, and testing models with significant differences 
to APL and CRO (changing models), or only APL (testing models), respectively (Appendix). 

 

DISCUSSION 
Before relating the findings to the research questions, the rather low person reliability is 
discussed. According to Bond and Fox (2001, p. 31), the person reliability ‘indicates the 
replicability of person ordering we could expect if this sample of persons were given another 
set of items measuring the same construct’. Hence, a rather low reliability coefficient suggests 
that the single persons’ ordering may not be trustworthy. In this study, however, the students’ 
responses are not analysed on the individual level and Adams (2005) emphasises that, within 
IRT, ‘population parameters can be well estimated without the need to well estimate the 
abilities of individual students’ (p. 170). Along with the person reliability, ConQuest 
computes an item reliability which ‘indicates the replicability of item placements along the 
pathway if these same items were given to another sample with comparable ability levels’ 
(Bond & Fox, 2001, p. 32). In the present study, the item reliability was rel.SEP = 0.98. Hence, 
the relative difficulty of the items (Figure 2) is likely to be trustworthy. 

The response pattern concerning the decontextualised tasks illustrates that the students 
preferred comparatively low levels of understanding in the aspects purpose of models and 
nature of models, but higher levels in the aspects multiple models, changing models, and 
testing model. This pattern points to ‘conflicting ideas’ of students about models and 
modelling as it is discussed by Treagust, Chittleborough, and Mamiala (2002) who showed 
that many students think of models as exact replicas (cf. nature of models, level I; Table 1) 
but simultaneously recognise the multiplicity of scientific models as representations of 
different views about an original (cf. multiple models, level III). Treagust et al. (2002) used 
decontextualised tasks and, therefore, explain these conflicting ideas with different models 
that the students may have in mind when answering such tasks: ‘When dealing with more 
abstract concepts it is assumed that students would adopt a more abstract nature of scientific 
models, but this is not necessarily true’ (p. 366). Related to the present findings, this suggests 
that the students may had comparatively abstract concepts of models and modelling in mind 
when answering the decontextualised tasks concerning purpose of models and nature of 
models but rather ‘general models’ (e.g. scale models; Treagust et al., 2002, p. 366) 
concerning multiple models, changing models, and testing models. 
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Concerning RQ 1, differences between students’ general and context-specific understanding 
were found. However, these differences are aspect-specific. Whereas the decontextualised 
tasks were found to be easier than all contextualised tasks in the aspects purpose of models 
and nature of models, it is more difficult in the aspect multiple models. In contrast, the 
decontextualised tasks are located between the contextualised tasks in the aspects testing 
models and changing models (Figure 2). Significant differences between the decontextualised 
tasks and APL in all five aspects were found. Opposed to this, significant differences between 
the decontextualised task and NEA only occur in the aspect purpose of models. These findings 
suggest that the students may primarily had in mind models similar to the theoretical 
reconstruction of the Neanderthal man when answering the decontextualised tasks concerning 
nature of models, multiple models, changing models, and testing models. This model can be 
seen as a scale model because it is used to represent the outer appearance of a Neanderthal 
man (cf. Harrison & Treagust, 2000). In contrast, model organisms (like Aplysia californica) 
seem to be considered by the students to a lesser extent when answering decontextualised 
tasks about models and modelling. It is emphasised that students’ understanding is influenced 
by the experience they have made with models, for example in school (Treagust et al., 2002). 
Therefore, the use of decontextualised tasks is likely to reveal the role of models in students’ 
science classes (Krell et al., 2012b). It is argued that, in biology classes, primarily concrete 
scale and functional models are used whereas in chemistry and physics classes more abstract 
or mathematical models are employed (Kauertz, Fischer, Mayer, Sumfleth, & Walpulski, 
2010). This is supported by the findings of the present study because students’ responses to 
the decontextualised tasks and the contextualised ones which included the model of the 
Neanderthal man were shown to be similar (i.e. not significantly different in most cases; 
Appendix). Hence, further studies explicitly related to models and modelling in chemistry and 
physics may reveal discipline-specificities in students’ understanding of models and 
modelling (cf. Krell, Reinisch, & Krüger, 2013). 

Regarding RQ 2, it is evident that there are also differences in students’ understanding of 
models and modelling between different task-contexts. This illustrates that students may 
express specific understandings when different models are shown to them. For example, in the 
contextualised task PAL, the students expressed rather informed views concerning purpose of 
models, changing models, and testing models. In contrast, the item parameters of PRE are 
rather high in most aspects, indicating that the students preferred less informed views 
regarding this model. These findings propose that students may be able to adopt more 
informed (i.e. more scientific) views regarding functional models (PAL) than regarding 
diagrams (PRE). However, also the differences between the contextualised tasks are aspect-
specific. For example, the item parameters of PAL and PRE are quite similar in the aspect 
multiple models (Figure 2). 

Summarising, aspect-specificities in students’ understanding of models and modelling could 
be found regarding both decontextualised and contextualised tasks. Such aspect-specificities 
suggest that students do not have a consistent understanding of models and modelling but 
rather intuitive, experienced-based ideas (instead of formally acquired, stable concepts; 
Clough & Driver, 1986). These findings further provide evidence to treat ‘understanding 
models and modelling’ as a multi-dimensional construct and to define aspect-specific levels 
of understanding instead of global ones (Justi & Gilbert, 2003; Krell et al., 2014a). 

In science education research, there are studies in which only decontextualised tasks (e.g. 
Chittleborough, Treagust, Mamiala, & Mocerino, 2005), only contextualised (e.g. Grünkorn, 
Upmeier zu Belzen, & Krüger, 2011; Krell et al., 2014a; Terzer, 2013), or both kinds of tasks 
(e.g. Grosslight et al., 1991) are used. Krell et al. (2012b) discuss that research findings about 
students’ understanding of models and modelling are, at least partly, ambiguous and that this 
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may be a result of different testing instruments (i.e. decontextualised and/or contextualised 
tasks). For example, Grosslight et al. (1991) asked their respondents decontextualised 
questions as well as questions about concrete models (e.g. a toy airplaine and a picture of a 
house). The findings of Grosslight et al. (1991) propose that often ‘models are thought of as 
either toys or simple copies of reality’ (p. 817). The findings of the present study suggest that 
the instances used by Grosslight et al. (1991) may have influenced their findings. Opposed to 
Grosslight et al. (1991), Chittleborough et al. (2005, p. 200) used decontextualised tasks and 
concluded that their respondents showed a ‘scientifically acceptable understanding of the 
model concept’. As shown in the present study, students do not necessarily adopt an informed 
understanding when decontextualised tasks are used. Instead, the expressed level of 
understanding seems to depend on both the aspect of models and modelling and the concrete 
instances. However, it is discussed to what extent something like a ‘general understanding’ 
exists at all (Greeno, 2009; Op’t Eynde, Corte, & Verschaffel, 2006). Guerra-Ramos (2012) 
criticises that, when using decontextualised questions, one does not know what respondents 
have in mind when answering the questions. 

One major limitation of this study is its methodological design. The survey revealed aspect- 
and context-specificities in students’ understanding of models and modelling. However, 
because no follow-up interviews or other forms of qualitative assessments were done, no 
further information about the reasons for the findings can be provided. Al-Balushi (2011) 
proposes that the typical form of representation may influence students’ perception of a 
model. In a qualitative study, Krell et al. (2014b) further made this assumption plausible. 
However, additional research is necessary to systematically investigate to what extent a 
model’s form of representation in fact influences students’ expressed levels of understanding. 
Furthermore, additional research may also shed light on students’ aspect- and discipline-
specific understanding of models and modelling. 

 

CONCLUSION 
Independent from the above discussed limitations, three main conclusions can be drawn from 
the findings of this study: 1) There are differences between students’ general and their 
context-specific understanding of models and modelling. 2) There are also differences in 
students’ understanding between different task-contexts (i.e. different models). 3) Both 
students’ general and their context-specific understanding of models and modelling are not 
consistent across aspects. 

The findings of this study clearly propose to treat ‘understanding of models and modelling’ as 
a context-specific construct. According to Schwarz (2002), the form of knowledge influences 
the appropriate way of assessment. Nehm and Ha (2011) further suggest to appropriately 
balance known context-dependencies in testing instruments. Krell et al. (2012b) therefore 
propose to refer either to only one type of models or to a preferably representative range of 
different kinds of models in testing instruments. In the first case, findings are restricted to the 
kind of model used, whereas in the latter, findings may be more generalisable but more tasks 
are needed. In any case, the respective testing instrument should be made transparent to allow 
other researchers to relate their own findings to those published in the literature. 

Concerning teaching and learning, Leach et al. (2000) argue that teaching of context-specific 
constructs should be understood as a process of enculturation, in which the range of possible 
views and appropriate contexts are discussed. Following this point of view, science classes 
may discuss to what extent models are typically used in specific ways in different contexts 
(e.g. in school, museums, or in science), or to what extent some kinds of models (e.g. scale 
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models) are typically used to depict a phenomenon whereas others (e.g. theoretical models) 
may serve as entities to make predictions (Krell et al., 2012b; Svoboda & Passmore, 2013). 
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APPENDIX 
Table 2 

Results of the Wilcoxon-test for each pair of tasks in the five aspects 

Pair 
Purpose Nature Multiple Changing Testing 

N Z r N Z r N Z r N Z r N Z r 
DEC PRE 249 3.20 0.20 250 0.75 0.05 247 2.77 0.18 232 2.95 0.19 208 0.30 0.02 

 APL 162 3.32 0.26 301 2.89 0.17 163 3.15 0.25 290 2.48 0.15 259 3.59 0.22 

 NEA 297 2.50 0.14 339 0.99 0.05 261 0.71 0.04 244 0.79 0.05 241 0.79 0.05 

 CRO 296 2.55 0.15 297 2.62 0.15 209 2.67 0.18 286 3.59 0.21 199 0.49 0.03 

 MOU 288 4.48 0.26 175 5.17 0.39 286 2.78 0.16 127 0.41 0.04 166 0.83 0.06 

 PAL 253 4.15 0.26 266 1.98 0.12 251 2.92 0.18 235 3.42 0.22 204 1.75 0.12 

PRE APL 120 0.28 0.03 127 2.49 0.22 126 0.46 0.04 121 1.71 0.16 125 2.18 0.19 

 NEA 130 0.47 0.04 124 0.88 0.08 128 2.09 0.18 116 2.53 0.24 120 0.62 0.06 

 CRO 118 0.71 0.07 124 1.00 0.09 120 0.78 0.07 124 0.93 0.08 126 0.91 0.08 

 MOU 122 0.92 0.08 128 2.37 0.21 126 2.83 0.25 121 3.42 0.31 126 0.00 0.00 

 PAL 131 2.18 0.19 131 1.74 0.15 125 1.40 0.12 116 3.43 0.32 122 0.93 0.08 

APL NEA 123 0.87 0.08 127 1.35 0.12 127 0.72 0.06 121 2.76 0.25 124 4.09 0.37 

 CRO 123 1.22 0.11 125 0.25 0.02 122 1.61 0.15 130 1.23 0.11 126 0.89 0.08 

 MOU 116 1.13 0.11 131 2.26 0.20 126 2.74 0.24 125 1.56 0.14 126 2.86 0.25 

 PAL 126 0.23 0.02 131 1.74 0.15 124 1.04 0.09 124 4.86 0.44 126 3.93 0.35 

NEA CRO 127 0.12 0.01 127 3.01 0.27 128 0.43 0.04 129 2.86 0.25 118 3.08 0.28 

 MOU 128 0.85 0.08 127 2.72 0.24 127 1.84 0.16 129 0.59 0.05 125 0.21 0.02 

 PAL 134 0.78 0.07 133 1.97 0.17 132 0.69 0.06 122 0.38 0.03 117 1.31 0.12 

CRO MOU 129 0.13 0.01 123 0.20 0.02 128 0.98 0.09 125 0.76 0.07 126 1.62 0.14 

 PAL 126 1.07 0.09 120 0.82 0.08 130 1.10 0.10 123 2.40 0.22 117 1.56 0.14 

MOU PAL 128 0.45 0.04 127 1.34 0.12 121 1.02 0.09 124 0.97 0.09 125 0.32 0.03 

Note: Bold numbers indicate significant differences (at least p < .05), r is a measure of effect size (r = .10: small 
effect, r = .30: medium effect, r = .50: large effect; cf. Field, 2009) 
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Abstract: The geological education in Greece is essentially rooted in the second half 
of the 19th century. Since 1836, when the Secondary Education was legislated, 
despite the fact that Geology is referred to curriculum, is not taught systematically, 
due to the lack of competent teachers and validly authorized books. Since 1880, due 
to the approval of textbooks on Geology by the Ministry of Education, the systematic 
teaching is observed, leading to the authorship of new textbooks. The content of 
geosciences, as part of Natural History, was much smaller than the one of other 
sections, such as Zoology and Phytology, both as extent of pages taught as well as the 
amount of shapes presented. In the early of 20th century, this phenomenon alters and 
a need for independence of Geology and Mineralogy in the curriculum is observed. 
Also it is observed that the content of geosciences emphasizes either in Geology or 
Mineralogy every decade, reflecting the transitional situation of Greek society and 
consequently of the education.  

Keywords: geological textbooks, evaluation of textbooks, science education. 

 
BACKGROUND AND FRAMEWORK 
In the late 19th and early 20th century education is still separated from the Greek 
reality and the nation’s spiritual needs. The ascent of the bourgeoisie and the 
imperative need to adjust education to the socio-economical needs of the country shall 
lead to the reformation of 1913. According to the reformation of 1913, education must 
be oriented to the needs of life, since the purpose of education provided and 
"preparing children for life." The main innovation was purely bourgeois conception of 
sociopolitical ideological, ethnic, educational, cultural and economic operation of 
school (Bouzakis, 1999, p.32). 

In the same period the Secondary Education appear to illustrate the interactions 
between science and society and reflect the reaction of scientists and teachers in the 
classical separation of the positive studies. In Greece, is a remarkable example the 

appearance and the development of the Sciences and especially of Geosciences. 

The debate about the name and character of the geosciences is an ongoing one, but in 
present paper “geology” and “geosciences” means the same. Reviews of geosciences 
education and geosciences educational research have been undertaken only relatively 
recently. The methodologies required for effective study of geosciences are same as 
for Science Education. The analysis of school textbooks is based on registering 
differences, identifying patterns and making comparisons.  

In this paper is presented an attempt for the comparison of geological textbooks in 
Greece and used five books that were taught at the Secondary Education from 1861 
until 1942. Since 1836 when the Secondary Education is legislated in Greece, the 
teaching of Geology is present in all educational programs. Essentially, however, 
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Geology is not taught systematically, due to the lack of competent teachers and 
validly authorized books. Since 1880, due to the approval of textbooks on Geology by 
the Ministry of Education, the systematic teaching of Geology is observed, leading to 
the authorship of new geological textbooks. 

 

METHOD 
As many reports have indicated, the textbook plays a dominant role in science 
teaching and heavily influences choice of concepts as well as how they are taught 
(Park Do-Yong, 2005). This study analyzes the content of 5 textbooks of Geology and 
Natural History and the sample of books published and taught in High Schools, from 
1861 to 1942. For the quantitative analysis and editing of the above textbooks, the 
following used criteria: the number of sections and chapters, the type of sections 
(geology or mineralogy), the number of pages and shapes and the type of shapes 
(scientific or descriptive). To extract qualitative conclusions, the each textbook year 
of publication and the properties of the authors are the criteria. 

Sample Selection 
The purpose of this paper is to compare the evolution of the contents of books, mainly 
using quantitative criteria. The books were selected to represent typical decades in the 
evolution of Greek education as the foundation of the Greek Education System (1834-
1836), the abolition of mutual learning and the introduction of combinational teaching 
method (1880), the movement of Demoticism (1910-1925), reform of 1929 and the 
establishment of the Pedagogical Academy in 1933. 

Comparison Form of Textbooks 
The used textbooks for analysis are from different decades and different authors. In 
each book originally counted sections include chapters divided and the number of 
pages of each chapter. In comparison of general features for all pages included in the 
textbooks means that the unit is consists of chapters and the chapter is consisted of 
topics. For example: Petrography (Unit), Sedimentary Rocks (Chapter), and 
Mechanical Sediments (Topic). 

In each chapter were counted the shapes and separated in scientific and descriptive. 
The scientifically shapes defined those where to construct requiring, precision, 
reliability and objectivity as a geological map at scale. Descriptive defined the shapes 
where depicting a geological phenomenon without interpret and justify it as a sketch 
damaged by an earthquake. When comparing the book used the word shapes per page 
for each chapter and the reason scientific per all types shapes and descriptive per all 
types shapes for all textbook. These rates are used as cognitive and scientific indicator 
of textbooks completeness. 

General Features of Fives Textbooks 
The textbook Rudimentary Knowledge of Physics, Chemistry and Geology written by 
A. Konstantinidis, and are consists of 3 units about physics, chemistry and the last 
book of 32 pages, is about geology. If we calculate the ratio (λ) shapes per page for 
each of the three unit we see that we have the largest value for Physics λ1 = 0.47 and 
follow Geology λ2= 0.28 versus Chemistry λ3 = 0.20. (figure 1) 
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Figure 1.  General Features of Rudimentary Knowledge of Physics, Chemistry and 
Geology 

The textbook Elementary Physical History of N.Germanos taught in Greek Schools 
and Girls' Schools and was printed in 1891 in Athens. It consists of three parts, 
Zoology, Botany and the Mineralogy - Geology with just 20 of the 256 pages. In these 
pages there are five figures in total, of which two are characterized as descriptive and 
the remaining three as scientifically. We observe that although the number of images-
shapes highlighted as one of the advantages of the manual, however only 5 of them on 
the Geology and Mineralogy. If we consider the ratio (λ) forms per page for each of 
the three parts that actually observed for the first two parts, the ratio approaches the 
unit, λ1 = 0.89 and λ2= 0.82 while the third is just λ3= 0.25. (figure 2) 

 

 

 

 

 

 

 

Figure 2. General Features of Elementary Physical History 

The textbook Elements of Geology and Mineralogy by E. Sapountzaki, published in 
1924, consists of 138 pages, was taught in second grade and high school exclusively 
geology and subsectors. Divided into two parts, the first covers all areas of geology 
outside of mineralogy, which is the second part of the book and occupies nearly half 
the pages. The extensive use of shapes is in the presence of 104 photographs, 
drawings and tables in total, in a book 136 pages. The shapes are more descriptive, 
with frequent use of photographs and extensive is the use of drawings to represent 
geological structures and Paleolithic creatures. In the section of mineralogy used most 
often shapes but the majority of them is descriptive, while scientific mainly in the 
field of stratigraphy and is distributed throughout the first part of the book. The ratio 
shapes per page for the unity of Geology is λ1 = 0.83 and Mineralogy approaching λ2 

= 0.71. (figure 3) 
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Figure 3. General Features of Elements of Geology and Mineralogy  

The textbook Geology and Mineralogy by K. Kalemikeris and Ev. Tzolakis, taught in 
High School, issued in 1932, consists of 144 pages and content exclusively the 
science of geology (tectonics, volcanology, paleontology) and mineralogy. In book 
given the basic concepts of geology in simplified form, but in a scientific manner, 
without reference to complex chemical processes without the use of complex physical 
equations. The biggest occupies Mineralogy and Dynamic Geology and less weight 
given to the Petrography and Historical Geology. The ratio shapes per page for each 
module is, Introduction of Geology λ1 = 0,20, Dynamic Geology λ2 = 0,34, 
Petrography λ3 = 0.64, Historical Geology λ4= 0.94 and Mineralogy λ5 = 0.44. (figure 
4) 

 

 

 

 

 

 

Figure 4. General Features of Geology and Mineralogy 

The textbook Elements of Geology and Mineralogy, is written by G. Georgalas and A 
Malliari - Patera, published in 1942 not from publishing house as previous, but from 
state organization and taught third grade in Urban Schools. The book consists of 186 
pages divided into sections of Geology and Mineralogny details. The first unit covers 
158 pages and 105 figures, from which only 11 are scientific and the second section 
consists of 28 pages and 7 figures, of which two 2 characterized scientifically. The 
structure resembles the earlier of (book 1932) and although a decade has passed does 
not occur more updated. The ratio shapes per page for each section is Petrography λ2 
= 0,7, Dynamic Geology λ3= 0.73,, Historical Geology λ4 = 0.62 and Adv. 
Mineralogy λ6 = 0.32. Observe that there is no appearance of shapes in sections of 
Intro.Geology and Gen.Mineralogy (λ1 & λ5 = 0). (figure 5) 
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Figure 5. General Features of Elements of Geology and Mineralogy 

 

RESULTS 

Comparisons of general features of fives textbooks were made to illustrate how they 
differ. The results of the comparisons are displayed in table 1 and figure 6.(percent) 

 

Table 1 

Comparisons of general features of fives textbooks 
  book 1861 book 1891 book 1924 book 1932 book 1942 

unit 3 3 2 5 6 

chapter 8 21 15 15 15 

scientific shapes 2 17 42 37 13 

descriptive shapes 7 158 62 31 99 

geology 32 7 41 77 158 

mineralogy 0 13 63 64 28 

 

The five textbooks studied were issued by the creation of the Greek state, in the 19 
century, until the period of World War II. In total issued capital in Athens, the first 
four of private publishers and the youngest by a state agency. Found biographical 
information on the authors of the four textbooks, of which only the E. Sapountzakis 
and K.Georgalas had studied geology and he was a professor at the University of 
Athens. 

Generally the content of Geology is rising and overrides of Mineralogy with the 
largest percentage difference in his book 1942. Follow almost the same variance and 
participation rates of descriptive and scientific figures. In the books of 1924 and 1932 
seems to be a trend among equilibrium content of geology and mineralogy, and 
between the types of shapes. However we observe among the younger (1861) and an 
older book (1942) there is almost matching the shapes and proportions of equally 
great difference geology and mineralogy, with geology prevail completely. 
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Figure 6: Comparisons of % general features of fives textbooks  

 

DISCUSSION AND IMPLICATIONS 
The teaching of science promotes the emergence of the type of scientific knowledge 
and to highlight issues that regard the way we manage our scientific knowledge in 
society. 

In the curriculum the geosciences module are other natural courses by the end of the 
19th century and after the first decade of the 20th century autonomy. The 
independence of geosciences seems to be associated with the educational reform of 
1913, which is the dominant perception ideological, socio-political, ethnic, 
educational, cultural and economic operation of the school. 

The curriculum includes practical knowledge and economic interest (commercial 
fossil and exploitable), which shows the trend of Greek society for economic 
development through education. 
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Abstract: The inclusion of “nature of science” (or NOS) in science education, has for a long 

time been regarded as a crucial component in the teaching for scientific literacy. Research has 

shown that teachers in general do not possess adequate NOS-understanding and are therefore 

not able to perform adequate NOS-teaching in the science classroom. The aim of this study is 

to investigate in-service science teachers’ views of NOS, and their views of why, when and 

how to teach NOS. The participants in the study are Swedish in-service science teachers 

(n=12) in grades 4-9. Sources of data are questionnaires and interviews. The analytical 

framework used in this study is inspired by the NOS tenets described by Lederman (2007). 

The preliminary results indicate that the teachers express uncertainty in their own knowledge 

of NOS and the teaching of NOS. They also express that aspects of science as a subjective, 

socially and culturally embedded endeavor are aspects that are abstract and difficult for young 

students (K-3) to grasp. The study is part of a larger project where the teachers will be studied 

for three years in their science teaching as well as taking part in focus-group discussions 

concerning NOS and the teaching of NOS, guided by a researcher. The results may also be 

used in teacher-education programs and in teachers’ professional development, were an 

emphasis on NOS could help teachers’ develop strategies for the teaching of NOS. This, in 

turn may lead to increased possibilities for students to meet all standards in the national 

curriculum.  
Keywords: nature of science, science education, teachers’ views 

 

INTRODUCTION AND BACKGROUND  

Science education researchers has for a long time been advocating the inclusion of the nature 

of science (NOS) in science teaching and in curricula (Cobern, 2000; Matthews, 2012; 

McComas, 1998a; Osborne, Collins, Ratcliffe, Millar & Duschl, 2003). The impact of NOS in 

science curricula in the western world is explored by Jenkins (2013) who claims that some 

aspects of NOS have been part of the agenda for more than a century. Much has been written 

about teachers’ views of NOS and how NOS is taught in the science classroom, but little is 

known about the teachers’ views of the teaching of NOS. To be able to better understand why 

and how NOS becomes a part of science education, teachers’ views of the teaching of NOS 

needs to be empirically investigated.  

Arguments raised for including NOS in science education are for example: NOS as a crucial 

component of scientific literacy (Driver, Millar, Leach & Scott, 1996; Hodson, 1985; 2008; 

2009), NOS as a facilitator to deeper understanding of the science content (McComas, 1998a), 

and NOS as a motivator and contributor to students’ interest especially if this means that there 

will be a decreased focus on memorizing facts (McComas, 1998a; Sjøberg, 2010). In addition 

to this Duschl, Erduran, Grandy and Rudolph (2006) argue that science education continues to 

have a narrow focus on logical and conceptual elements – that science education has been 

blind to broader perspectives on NOS. Therefore another argument for including NOS in 

science education could be to challenge what Carlone (2003) calls “prototypical science”. 

That is, NOS-instruction could open up possibilities to challenge and break the reproduction 
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patterns where science through the teaching of science is reproduced as an objective, 

privileged way of knowing pursued by an intellectual elite. These patterns which are part of 

taken-for-granted practices in science teaching are undermining “the goal of “science for all”” 

(Carlone, 2003, p.308)  

Among scientists, philosophers of science, and in the field of science studies there is a long-

term debate on what nature of science is and if there even is a nature of science (Alters, 1997; 

Eflin, 1999). While Alters argues that there is no NOS, Eflin, on the other hand argues that 

there is agreement on a number of NOS topics both within and across different scholarly 

disciplines. Science education researchers are not exempted from the debate over the meaning 

of nature of science and they have dealt with this question in somewhat different ways. A 

main focus of the debate has been how and what NOS-content should be taught in school. 

One of the approaches is to create lists of tenets on topics for which there is great agreement 

on the relevance to K-12 students (see for example Lederman, 2007; McComas, 1998a; 

Osborne et al., 2003). These kinds of tenets and consensus lists have had great impact on 

science documents such as for example the Benchmarks for Science Literacy by the AAAS 

(Van Dijk, 2011). An elaboration of the tenets is discussed by Matthews (2012) who 

advocates a change from nature of science to features of science and thereby argues that this 

opens up for elaboration, inquiry and discussion instead of the risk of just memorizing tenets. 

Abd-El-Khalick (2012) agrees that there is a need to elaborate on these aspects of NOS. 

Especially when teaching students in higher grades it is important to discuss and reflect upon 

the complexity and the intertwining of NOS-tenets. Other researchers advocate a family 

resemblance approach to NOS instead of using tenets which could contribute to providing a 

simplistic or to general picture of science (Eflin, 1999; Irzik & Nola, 2011; Van Dijk, 2011).  

With the family resemblance approach categories described by Irzik and Nola (2011) both 

heterogeneity and resemblances between scientific disciplines are emphasized. In these 

categories there is a greater focus on scientific activities, methods and methodological rules, 

while there is a lesser focus on social and cultural aspects of science compared to the 

approaches described by Lederman (2007) and Matthews (2012). Duschl, Erduran, Grandy 

and Rudolph (2006), and Eflin (1999) argue that studying science form a range of different 

disciplinary bases such as philosophy, sociology, psychology and cultural studies of science, 

can contribute to the characterization of science and help elaborating on the perspectives on 

NOS. 

Different opinions on how to teach NOS have been presented by several researchers within 

this domain. According to Lederman (2007) NOS is “best learned through explicit, reflective 

instructions”, but whether these explicit instructions should be embedded within traditional 

subject matter or be taught as a separate “pull-out” topic is still up for debate. The explicit 

approach to NOS is described by Wong and Hodson (2010) as NOS considered as content that 

should be carefully and systematically taught through giving students opportunities to reflect 

on NOS issues. Opposed to explicit teaching is implicit teaching which comprises implicit 

messages about NOS embedded in teacher language or in classroom activities. Other 

researchers like Allchin (2011; 2012) and Duschl and Grandy (2012) focus strongly on 

teaching about science while doing science. They also emphasize the importance of NOS 

being taught within in the context of a topic (e.g. mammogram) and strongly focus on meta-

reflection, analytical skills and discursive skills. 

Science education research has primarily been concerned with investigating teachers’ and 

students’ views and beliefs about NOS. Research has shown that logical positivism has had 

(and still has) a strong influence on science education (Carlone, 2004; Cobern, 2000; Duschl 

et al., 2006). Assessing science teachers’ and students’ views on NOS have shown that 

science is thought of as a body of knowledge consisting of proven facts and that there is one 
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single structured way to gain this knowledge (Lederman, 1992; McComas, 1998b). Some of 

the research has had a focus on changing teachers’ views of NOS (which has been shown to 

be difficult) (Abd-El-Khalick & Lederman, 2000). Matthews (2012) argues that it is 

unrealistic to expect students or teachers to be experts in history, philosophy or sociology of 

science but the aim should be to have a more complex understanding of science than is 

usually the case today. In classroom studies the views of NOS that are communicated by the 

teachers and the connections between teachers’ views of NOS and their classroom instruction 

have been investigated (see for example Brickhouse,1990; Clough & Olson, 2012; Lederman, 

1992). Some studies show that even if teachers have knowledge on a large number of issues 

concerning NOS this knowledge often does not have an impact on the teaching of NOS. But 

on the other hand it is believed that without teacher knowledge about NOS there is not even a 

possibility to provide students with an opportunity to discuss reflect and elaborate their 

knowledge of NOS (Lederman, 2007)  

From this body of research we know that students’ as well as teachers’ have problems 

discussing and elaborating different NOS topics and that even if the teachers have 

considerable knowledge of NOS, the prototypical science is seldom challenged in the science 

classroom.  This article takes as a point of departure that science teaching could benefit from 

challenging the way science is traditionally communicated and that this could provide one 

way to make more students feel included in the science classroom. In this perspective 

teaching about NOS in compulsory school, in a science for all perspective, becomes central.  

If we believe that it is important to elaborate, question or challenge the traditional views of 

science in the science classroom we need to know more about teachers’ views of the teaching 

of NOS. However, research on teachers’ views of the role of NOS in their own teaching and 

in a K-9 perspective, as mentioned above, is very scarce. Therefore this study seeks to 

comprehend and shed light on how teachers speak of why, when and how NOS should be 

taught at different levels in compulsory school and how this can be reflected in their views of 

different NOS-aspects.  

The ambition of this study is to contribute to the development of strategies for what to focus 

on in science teacher education, and in-service science training, regarding the teaching of 

NOS, so that NOS in the future will be included in the teaching of science as one way of 

challenging the traditional images of science usually communicated in science class. 

 

 The questions guiding this study are: 

- How do teachers speak about different aspects of NOS?  

- How do teachers speak about the teaching of NOS in a year 1-9 perspective? 

 

METHODOLOGICAL PERSPECTIVES  

The study reported on here is part of a larger project where 12 teachers (two groups) will be 

studied for three years both while taking part in group discussions guided by a researcher and 

in their science teaching.  

Study context 

In the current Swedish national curriculum Lgr 11 (Skolverket, 2011), as in most other 

western countries, there is an ambition that students should learn NOS (Johansson & 

Wickman, 2012). In the current national curriculum the references to NOS are less explicit 

than in the previous curriculum. Therefore, at the starting point of this study, we used the 
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VNOS-C (views of nature of science) questionnaire (Lederman et al., 2002) with the purpose 

to familiarize the teachers with the forthcoming discussions about NOS.  

Participants and data collection  

12 teachers, teaching in school year 4-9, who volunteered to participate in the project, first 

answered the VNOS-C questionnaire. Before using the questionnaire it was translated into 

Swedish.  Four researchers translated the questionnaire independently and then compared, 

discussed and moderated their translations into a final version. A couple of months after the 

questionnaire was answered the teachers were interviewed about their views on NOS (while 

having access to their formerly written answers) and their opinions on NOS in science 

teaching. The teachers were asked to describe if and how they teach NOS today and give their 

opinions on why, when and how NOS should be taught at different levels in compulsory 

school. The interviews were semi-structured and the questions were guided by five different 

themes described below. The interview was divided in two parts where the teachers during the 

first part was asked to elaborate on their answers from the questionnaire in new contexts and 

with more examples, while the second part involved issues about the teaching of NOS. All 

interviews were digitally recorded and transcribed. 

Framework and analysis 

The analytical framework used in this study, inspired by the NOS tenets described by 

Lederman (2007), is constituted by five NOS-themes (described below). The themes are 

employed as thematic lenses in the analysis of teachers’ ways of speaking about aspects of 

NOS inherent to each theme. Using these lenses is a way to identify how teachers’ use 

different ways of speaking about NOS, both in ways closely related to what Carlone (2003) 

called “prototypical science” and what McComas (1998b) relates to as “the myths of science”, 

and in ways of speaking that problematize this way of picturing science. The themes are 

therefore treated more as features of science (Matthews, 2012), open to including a broad 

span of possible ways of speaking coupled to different topics both relating to science in 

general and to specific scientific disciplines. The theme descriptions (below) are based on 

science studies literature as well as science education literature (see above).  

In a first phase of the analysis teachers’ ways of speaking are sorted under the different 

themes. 

1) Absolute and/or tentative nature of science 

From the science studies literature as well as from the science education literature (see above) 

we know that a variety of topics, such as continuity/change and certainty/uncertainty, are 

relevant in relation to this theme. Ways of speaking coupled to both historical and 

contemporary contexts related to this theme, could possibly range from scientific knowledge 

being absolute and static facts to scientific knowledge being tentative, random and uncertain.  

2) Empirical and/or rational science  

Using this thematic lens we look for teachers’ ways of speaking about the role of empirical 

results in science, for example deriving from observations and experiments, as well as their 

ways of speaking about theoretical results. From the philosophy of science literature we know 

that different emphasis on empiricism respectively rationalism are possible, but we also know 

from the science education literature that the empirical base is most often emphasized in the 

teaching of science through “the scientific method” (McComas, 1998b). From the science 
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studies literature we also know that there are different ways to view the scientific 

endeavor/processes and how results are produced and criticized by the scientific community. 

Topics relevant for the theme are the role of observations and experiments, trustworthiness, 

and methods and limits of science. Ways of speaking could be connected both to general and 

discipline specific features of science and range from the idea of one specific universal 

method leading to absolute truth (observations automatically providing truth), to the notion of 

great diversity (and even messiness) in methods and between disciplines.  

 

3) Subjective and/or objective science  

In this theme ways of speaking can range from realism to constructivism and it includes a 

wide variety of areas such as ontology and epistemology of science, sociology and 

psychology. A number of topics, like for example discussions of subjectivity/objectivity 

connected to different stages of the research process, theory-laden/neutral observations, 

background factors and bias, belong to this theme.  

4) Scientists as creative and/or logically rational 

In this theme views can range from scientists using a well-structured predesigned approach, 

never deviating from the (objective) scientific method to the necessity of using creativity and 

imagination throughout the entire research process (from problem stating to interpreting 

observations and inventing explanations) 

(5) Socioculturally embedded and/or universal science 

This theme comprises the controversial and much debated continuum extending from 

everything is science to everything is culture (science wars). With this thematic lens we look 

for teachers’ ways of speaking about issues and perspectives that are covered by this 

continuum. These issues could be about the extent to which science is influenced by 

society/culture, and the extent to which science is universal. It could also be how teachers use 

perspectives ranging from realism to relativism.  Both historical and contemporary contexts 

contribute to these issues from a number of perspectives (e.g. economy, politics, religion, 

philosophy, feminism).  

In a first step, teachers’ ways of speaking about NOS and their ways of speaking about the 

teaching of NOS were analyzed with the different themes described above as a framework. 

Teachers’ ways of speaking concerning each of the themes were extracted through repeated 

reading of the transcripts. In a second step, teachers’ ways of speaking about NOS and the 

teaching of NOS were analyzed looking for different ways of speaking about NOS as well as 

about NOS-teaching within each theme. Important to recognize is that, for all of the themes, 

the same teacher can express different views on different occasions both in the questionnaire 

and in the interview. 

RESULTS – TEACHERS’ WAYS OF SPEAKING ABOUT DIFFERENT 

NOS THEMES  

In this section different ways of speaking about NOS connected to teachers’ ways of speaking 

about the teaching of NOS will be presented. In the table below an overview of teachers’ 

different ways of speaking about the five themes are presented. One teacher often has a wide 

range of ways of speaking about NOS connected to each theme. For all themes the teachers 

express views of science as following a structured, objective scientific method leading to 

absolute truth. For some of the themes there is a broader repertoire in use when discussing 
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science. For other themes there are fewer ways to speak about NOS. This is particularly 

apparent for one of the themes – empirical/rational science.  

 

Table 1   

Overview of teachers’ different ways of speaking about NOS 

Absolute/tentat

ive 

Empirical/ratio

nal 

Subjective/object

ive 

creativity/logic

ally rational 

Sociocultural/unive

rsal 

 

Scientific 

knowledge is 

absolute 

 

The scientific 

method is used 

by every 

scientist 

Scientific 

knowledge is 

objective 

 

Scientists use a 

well-structured 

approach – the 

scientific 

method 

 

Science is universal 

 

Progression in 

knowledge 

 

Researchers 

will plan their 

investigations 

in different 

ways and then 

argue and write 

about their 

results.  

 

Scientific 

knowledge can 

be slowed down 

by subjectivity. 

 

Scientists are 

creative when 

designing and 

planning 

investigations 

 

Science can be 

limited or slowed 

down by social or 

cultural aspects 

Scientific 

knowledge is 

subject to 

various degree 

of change 

 

 Science is both 

theory-laden and 

influenced by 

the researchers 

personal 

subjectivity 

 

Scientists are 

creative when 

designing and 

planning 

investigations 

 

Different 

researchers from a 

variety of places is 

favorable to the 

development of 

scientific 

knowledge 

 

 

The preliminary results from two of the five themes, tentative/absolute science and 

creativity/logically rational science, are presented below. The analysis of the other three 

themes is ongoing and will be presented elsewhere.  

Absolute and/or tentative? – ways of speaking about science and teaching  

We have identified three different categories of ways of speaking about tentative/absolute 

science (an overview is presented in table 2). The categories range from descriptions of 

scientific knowledge as absolute, static and proven facts about nature (examples provided by 

the teachers are school science and scientific laws), to descriptions of scientific knowledge as 

always being subject to change.  

Most of the teachers claim that even if science is subject to change it is still truer than other 

ways of knowing.  

Bert: In other sciences (humanities, social sciences) you deal with opinions and 

believes which can be changed. In natural sciences you deal with provable 

causalities.  
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Some science is also “truer” than other science. This is for example the case when it comes to 

school science, which is not considered to be as much subject to change as other parts of 

science. In the second category there is a strong emphasis of science as progressive, providing 

us with better and truer knowledge. A common example is the change from a geocentric 

world view to a heliocentric world view. Other examples are more unspecific and describing 

the notion of changes from the teachers’ own childhood until today. In the third category 

teachers speak about science as tentative due to a variety of reasons such as new questions, 

new instruments, new findings, influence from new people with different backgrounds, 

coincidence, reevaluations etc. 

The different categories described above can be related to teachers’ ways of speaking about 

how science is or can be addressed in the science classroom. Teachers’, in the study, often 

describe their classroom instruction as a teaching of facts.  

Linda: I’m not good at discussing tentativeness – that maybe scientific knowledge 

is changing and not static. I only do experiments and facts. And drawing 

conclusions. 

At the same time some of them are questioning this practice and wish to change it. On the 

other hand some teachers say that in school it is necessary to teach science as black and white 

although they believe that this differs from science in reality. The black and white teaching is 

considered to facilitate students’ learning. Other teachers emphasize the importance not to 

teach science as black and white and also state the importance for students to know that things 

are not just right or wrong (white or black) to better be able to cope with everyday science 

issues and as a way to maintain students’ curiosity. The usual example brought up by the 

teachers’ is the geocentric world view and this is one of the few examples considered easy to 

teach at all levels in the educational system. Other common examples are teachers referring to 

scientific knowledge that has changed since they themselves where young.  

An overview of teachers’ ways of speaking about the absolute/tentative nature of science 

compared to how they speak about ways to address this in the science classroom is presented 

in the table below.  

Table 2  

Teachers’ ways of speaking about the absolute and/or tentative nature of science nature of 

science and the corresponding teaching 

Ways of speaking about 

absolute/tentative science 

Possible ways to address absolute/tentative science 

in the classroom 

 

absolute Teaching about facts and the scientific method 

leading to proof. 

 

Progression Historical examples given in the classroom 

(geocentric worldview). Examples of progression. 

Teachers referring to their own experiences of 

change 

 

Various degree of change 

 

Not addressed 
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Teachers speak of tentative aspects of science as important in the science teaching to make 

students aware of the lack of an absolute (but, by the students, sometimes cherished) truth. By 

most of the teachers this theme is considered easy and graspable. And by using historical 

examples (however, there is a lack of contemporary examples) it can be taught throughout the 

entire compulsory school.  

 

Carolyn: They should know there are different ways of understanding science and 

that it is actually not static. It is not like someone has said something or come up 

with something and that something cannot change. It can always change and that 

ought to be challenging and exciting for the kids to know. They can get an interest 

in science because they feel that this is not just something they have to memorize, 

but instead they have to think for themselves.  

Creative and/or logically rational – ways of speaking about science and 

teaching 

The teachers’ ways of speaking about human creativity in relation to science range from the 

need to follow the structured approach provided by the scientific method (and also speaking 

about a danger in scientists being creative), to creativity as an important part of all stages in a 

scientific investigation. Three different categories regarding ways of speaking about creativity 

and science have been identified (an overview is presented in table 3). When explicitly asked, 

all of the teachers (with one exception) are convinced that creativity and imagination is an 

important part of the development of scientific knowledge. First and foremost creativity is 

essential in planning investigations and the scientist has to have an open mind to be able to 

“look outside the box” and find the best way to elicit the truth. On the other hand while 

speaking about the scientific method with fixed ways of doing science the teachers implicitly 

present a picture of science as absent of creativity. Discussions of creativity while interpreting 

observations range from the importance of just looking at the data and letting it speak for 

itself, to the absolute necessity of being creative in your interpretations and conclusions if the 

data shall be of any use at all. John has provided two very different ways of speaking about 

creativity in relation to experiments and observations. 

John: Well, I assume that scientists use their creativity and fantasy. In my point of 

view, if you are not creative, you cannot build a theory that you in some way test 

with an experiment that you design. I ’m having a hard time imagining that it 

would work at all if you totally lacked fantasy. Otherwise everything would be 

guided by chance. That you happen to come up with something like, what’s their 

name Curie or Becquerel or Röntgen or something, who of course discovered X-

ray by chance, but without fantasy he would not be able to think further – What 

could this be and how can we check this? Without fantasy you would just drop it 

in the waste basket and then just, well that’s a pity on those photographic plates. 

So I would say fantasy is quite central in science. 

John: experiments make it concrete and possible to grasp. This is what it is like. 

You just have to look. Open your eyes and look.  

The teachers’ ways of speaking about science teaching can be related to the three previously 

described categories. The creativity in science is implicitly taught when students themselves 

are creative in their planning of investigations and in their discussions of results. This is 

regarded by the teachers as an important but neglected part of science education. Reasons for 

not opening up the classroom to students own planning and discussions are lack of time and a 
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fear that the goal of lab work contributing to the students learning of the right scientific 

concepts will not be fulfilled. Similarly the not so creative science is the most common way of 

teaching through predesigned lab instructions leaving little room for students’ own reflections 

and considerations (discussed by Linda below). 

Linda: Well, up till now, I have usually handed out a lab manual for them to 

follow. And then they are supposed to draw conclusions from that. But it is 

changing. I’ll try to get better at giving them more open tasks, where they 

themselves will try to find out what to do. And then hopefully there will be 

discussions about that and then later on discussions about the plausibility in the 

results and sources of errors, but usually they follow a manual and they are 

supposed to come up with an answer. 

Camilla and Mike (below) both refer to constrains (time factor, breakable equipment and content that 

need to be covered) related to letting students find out for themselves.  

Camilla: I feel that both the time factor and that you are sometimes afraid that 

they will wreck the equipment, makes you restrict them. And maybe it is hard to 

get away from that thinking, although maybe you should give them (the students) 

some more space.   

Mike: You feel that you have this busy schedule and that you have to get through 

this and this and then you feel… But maybe it is stupid not to make time for the 

students to try to find out for themselves how to do it? You feel that they just waste 

an entire lesson, but maybe it would be worthwhile doing so. Not every time but 

now and again.  

Table 3  

Teachers’ ways of speaking about creative and/or logically rational science and the 

corresponding teaching 

Ways of speaking about 

creative/logically rational NOS 

Possible ways to address creative and/or logically 

rational NOS in the classroom 

 

Scientists use a well-structured 

approach – the scientific method. 

 

 

Students follow predesigned lab instructions.  

 

Scientists are creative when designing 

and planning investigations 

Students use their creativity while designing 

investigations. 

 

It is necessary for scientists to use their 

creativity and imagination through the 

entire research process. 

 

 

Students interpret and evaluate their own 

investigations. 

 

Teachers speak of science and creativity as important in the science teaching as a way to 

increase student interest in science. All teachers regard aspects of creativity to be practical, 
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concrete and possible to address in connection to hands-on tasks throughout the entire 

compulsory school, although some of the teachers argue that students often have difficulties 

when expected to be creative.  

 

CONCLUSIONS AND IMPLICATIONS  

For all five themes the teachers in this study speak about science as following a structured, 

objective scientific method which leads to absolute truth. For some of the themes there is a 

broader repertoire to use when discussing science and for these themes the prototypical 

science (Carlone, 2003) is challenged, at least by the teachers’ ways of speaking about NOS, 

even if it is not challenged to the same degree in their ways of speaking about the teaching of 

NOS. For other themes there are fewer ways to speak about science. This is particularly 

apparent for one of the themes, empirical/rational science, where the repertoire is narrow in 

both the ways of speaking about NOS, and (particularly) when teaching practices are 

discussed, especially when the teachers reflect on their own teaching as compared to when 

teaching in general is discussed. When it comes to the themes dealing with 

subjective/objective science and sociocultural/universal science there is only a very small 

repertoire of teaching strategies even if there is a quite broad repertoire of speaking and 

reflecting about these aspects among the teachers. There are only a few examples of how to 

address these aspects in the science classroom and they are perceived as abstract and difficult 

for students to grasp.  

When teachers speak about the teaching of NOS it becomes obvious that even though it is 

common that they describe NOS-themes as important to address in science class, there are a 

lot of perceived hindrances for a reflective NOS-teaching to become a reality. First of all there 

may be limitations in the teachers’ knowledge and repertoire when it comes to speaking and 

the teaching of NOS. Secondly, according to the teachers in the study, the science teaching 

tradition means that students are supposed to do lab work and learn scientific facts. Lab work 

is primarily performed as a way for students to learn important facts or “the scientific 

method”. Thirdly teachers try to make the teaching of NOS fit within the described science 

teaching tradition which means that the teaching of NOS will be linked to lab work. 

According to the teachers the students will learn NOS by doing science (e.g. the students are 

supposed to be creative themselves). 

For some of the themes, lack of knowledge and/or a small repertoire will be a hindrance, 

while for other themes this is not the bottleneck – in these cases (e.g. creative/logically 

rational theme) science teaching traditions easily becomes the hindrance instead. When the 

teachers speak about teaching, for example creative/logically rational NOS, they almost 

exclusively speak about whether it is possible our not for the students to be creative in science 

class (e.g. during lab work) - the teaching is supposed to implicitly make students aware that 

scientists are creative by letting students themselves be creative. Even if most of the teachers 

find student creativity, discussions and reflections important, there will be problems since it is 

time consuming and a distraction to the main purpose – introducing scientific facts to the 

students. However, important to notice is that teachers themselves problematize their teaching 

and speak about the need to elaborate their ways of teaching. For the two themes 

(absolute/tentative and creative/logically rational) described above, the teachers emphasize 

the importance of students learning that the world around them is not just "black and white"- 

that scientific knowledge should be separated from absolute truth.  

The preliminary analysis reported on here implicates that teachers ways of speaking about 

why, when and how to teach NOS sometimes need to be challenged to help leave parts of the 

prototypical science behind, but it also indicates that teachers themselves have identified this 

need, but without knowing how to put their thoughts into practice. Knowing more about 
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teachers starting points contributes to the knowledge of where pre-service and in-service 

teacher education should have its point of departure for issues concerning NOS.  
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Abstract: Nowadays science teaching supports general education, the 

development of ways of thinking and attitudes as well as the encouragement of 

complex skills required for decision making and argumentation. Within the 

framework of “science for citizenship”, students and adult citizens need to view 

science in combination with other activities and events from culture, ethics, 

politics, economy, technology and society. Therefore, there is a need for 

instructional material and teaching strategies for training pre- and in-service 

teachers on how to teach within the context of scientific literacy. In this paper, 

we present Greenhouse, a film about global warming we have designed and 

produced attempting to lighten and show in a comprehensible way all the 

conflicting evidence and scientific argumentation going on currently in 

scientific and environmental fora. The design of the film has been based on the 

GNOSIS research model (GNOSIS:  Guidelines for Nature Of Science 

Introduction in Scientific literacy) focusing on nature of science and identifying 

the three complementary dimensions of learning: cognitive, meta-cognitive and 

emotional. The movie keeps a delicate balance since our aim has been (i) to pre-

design the fundamental nature-of-science inputs for the film and (ii) to pre-

determine the interactions between the cognitive, meta-cognitive and emotional 

dimensions of science teaching and learning expected to be activated by the 

film. Greenhouse puts together in a nature of science informed structure the 

recorded and analyzed fragments of the film and keeps the viewers’ interest, 

“teaching” them in a functional way: Interviews with scientists, university 

students and citizens are blended with narration and images of the planet and of 

the consequences of global warming on the environment. The results from the 

analysis of Greenhouse offer valuable clues about how audio-visual teaching 

material should be built in order to be friendly and easy to communicate to non-

specialists (pupils, teachers, citizens). 

 

Keywords: nature of science, science education, science for citizenship, 

argumentation, instructional material 

 

 

INTRODUCTION 

Nowadays we experience a shift of science teaching towards scientific literacy. 

Science teaching supports general education, it helps (not only students but also 

citizens in general) develop ways of thinking and attitudes and it also promotes 

complex skills required for decision making and argumentation. Within the 

framework of “science for citizenship”, people need to view science in combination 

with other activities having to do with culture, ethics, politics, economy, technology 

and society in general. Therefore, there is a demand for modern instructional material 

and new teaching strategies for training pre- and in-service teachers on how to teach 
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within the context of scientific literacy (Dimitriou et al., 2006, Koliopoulos, 2004, 

Clayton Schweizer & Gautier, 2006, Erduran, 2008, Goodwin, 2006, Merghli, 

Laurence & Atf, 2009, Seroglou, 2006, Zeidler, 2007).   

We study argumentation as an alternative teaching strategy and, to be precise, we 

study a role-play having the form of an active dialogue or an argumentation 

(Seroglou, 2006, Duschl & Ellenbogen, 1999, Mathews, 1994, Mork, 2005, 

UNESCO, 1993). We have implemented this strategy working with pre- and in-

service teachers, primary school students (11 and 12 years old) and secondary school 

students (16 years old), and we have made a comparative analysis of the results.  

The subject of the argumentation is “Global warming: suggested solutions and raised 

arguments”. The starting point for the discussion is Greenhouse, a film that teachers 

and students watch in order to become familiar to phenomena, terminology and 

attitudes regarding the problem and, also, in order to help them develop their 

arguments (Gomez, 2009, Papadopoulos & Seroglou, 2007, 2010). Greenhouse is a 

film about global warming that the ATLAS Research Group designed and developed 

attempting to lighten and show in a comprehensible way all the conflicting evidence 

and scientific argumentation going on currently (Papadakis, 2004). The design of the 

film has been based on the GNOSIS research model (GNOSIS:  Guidelines for Nature 

Of Science Introduction in Scientific literacy). GNOSIS is a model for designing, 

developing and evaluating instructional material and educational activities which 

focuses on the seven different aspects of nature of science and identifies the three 

complementary dimensions of teaching and learning: cognitive, meta-cognitive and 

emotional (Figure 1) (Seroglou & Aduriz-Bravo, 2008).  

 . 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. GNOSIS Research model 
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GREENHOUSE: A FILM ABOUT GLOBAL WARMING 

Greenhouse consists of the following components:  

1. Interviews with scientists, academic professors, environmentalists, nuclear experts, 

biologists, transport specialists, engineers and specialists on bioclimatic building and 

nanotechnology methods. They explain the greenhouse effect and express their views 

regarding the suggested solutions to the problem.  

2. Interviews with university students, who answer the questions: “do you know what 

we mean when we say global warming or greenhouse effect?”, “do you know what 

causes global warming?”', “what do you think should be done?” and “what actions do 

you take in your daily life? ".  

3. Interviews with citizens in the streets of the city who also answer the same 

questions.  

4. Extracts from other pre-existing films (even cartoons) showing images of the earth 

and the consequences of global warming, accompanied by narration providing 

knowledge and information.  

The duration of Greenhouse is 51 minutes. 

Our original objective has been to make a really entertaining movie that would keep 

the interest of the viewers and not one more documentary film (Koulountzos, 

Primerakis & Seroglou, 2007). Therefore, we paid special attention to time 

distribution throughout the film. Figure 2 presents the switching and succession of the 

time intervals occupied by the various film components. The horizontal axis 

represents the time duration of the movie, starting at 01:00 and ending at 50:02. 

              1:00                                                                          20:41         22:03                                44:24        50:02 

Figure 2. Greenhouse components 

 

From the beginning of the movie and for a period of about 20 minutes there is a 

transition between pictures of the planet accompanied by narration and interviews 

with scientists. These two components of the film are necessary for the viewer to get 

acquainted to the issue of global warming and the causes of it. They are, however, 

‘tiring’ perhaps and boring for the average viewer. Therefore, they are followed by a 

time interval with interviews with students and citizens and also an extract from a 

cartoons movie (from 20:41 until 22:03). Students and citizens are asked about the 

greenhouse effect and its possible origin. Their words attract the interest of those 

watching the film and ‘awake’ them. Then there is a new transition between 

pictures/narration and interviews with scientists, for another 20 minutes (until 44:24). 

Here, narration, as well as scientists, focuses on the ways to handle the problem of 

global warming.  Finally, in the last 8 minutes of Greenhouse students and citizens 

suggest ways for changing our consuming habits and everyday life and describe what 

Pictures                                                    

Scientists                                                    

Students                                                    

Citizens                                                    

Cartoons                                                    
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they themselves do. The film ends with a cartoon character crying: ‘We are gonna 

live! …We are gonna die!…’.  

Greenhouse has been developed in order to be used as a powerful introduction for 

students, pre-service teachers and adult citizens to the real arguments that arise 

regarding the issue of global warming, while the film provides strong audio-visual 

support for these arguments (Tsarsiotou, Knavas & Seroglou, 2009) as:  

(1) Interviews with scientists provide the ‘audience’ with all necessary knowledge and 

information about global warming. For example, an environmental physics expert 

delivers a short but complete lecture regarding the necessary distinction between the 

natural greenhouse effect and the ‘human-caused’ greenhouse effect and concludes by 

saying: ‘…we should keep in mind that the greenhouse effect is beneficial, it supports 

life on earth as it should be. The “enhanced” greenhouse effect or the “human-

caused” greenhouse effect is the reason for global warming.’  

(2) Scientists in the film have actually been chosen because of their different 

approaches that offer a complete picture of the wide range of arguments regarding the 

suggested solutions to the problem of Global warming. The viewers are given the 

chance to see how science works, that there isn’t only one answer, but one has to hear 

all the opinions. Therefore, a nuclear physics specialist says: ‘…energy production 

should focus on renewable energy sources’ and a little later an ecology expert 

supports: ‘...wind farms are good, but they can come with side effects...’ Most 

scientists express their reservations concerning the usage of nuclear energy, however 

one of them strongly supports that ‘…there is no other decisive solution, but for 

nuclear energy’. 

(3) Students’ answers reveal the fact that they are informed and aware of the problem. 

A student says: ‘They should put filters in the industrial units. At home, we should 

switch off the lights and all electric devices when not in use. Regarding the car, we 

should use public transport more!’ While another student adds: ‘I have put a solar 

water heater, I always put off the lights when I don’t need them and I switch off all 

electric devices when out of use. I also recycle’. 

(4) Citizens appear to have some idea concerning the greenhouse effect. They support 

that ‘...people should be careful with air-conditions, with pollution coming from cars 

and from the factories…’ and at the same time some have never heard about 

producing energy by using nuclear energy. Some also suggest extreme measures such 

as: ‘We should have no cars and go on foot!’ 

(5) Extracts from other films inform about climate change and present not only sad 

and pessimistic pictures from the deterioration of the environment but also beautiful 

images of the planet.  

(6) Narration explains the greenhouse effect and its causes, focuses on people’s 

responsibilities and stresses on the crucial dilemmas that humanity faces concerning 

energy resources and pollution. Music supports the narration without overshadowing 

it. 

The GNOSIS research model has been our guide while making Greenhouse since our 

aim has been (i) to pre-design the fundamental nature-of-science inputs for the film 

and (ii) to pre-determine the interactions between the cognitive, meta-cognitive and 

emotional dimensions of science teaching and learning expected to be activated by the 

film (Tsarsiotou, Knavas & Seroglou, 2009).  
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In order to analyse Greenhouse, we divided the total length of the film into short time 

intervals of equal length (3 seconds each) and we characterised each interval with the 

indicator of one or more of the GNOSIS categories that fitted each time. This way, the 

movie and its individual extracts can be studied as a time series of successive G 

indicators (G1, G2, G3, G4, G5 G6 and G7) and can be represented by a GNOSIS 

flowchart.  

Table 1 shows the time duration and the time percentage that corresponds to each one 

of nature of science aspects (GNOSIS categories) (either occuring on its own or 

together with other categories) in the entire movie. It is interesting to see how the 

movie manages to keep a delicate balance between the seven GNOSIS categories 

presenting, at the same time, a remarkable high percentage of G1. This way, we have 

an in depth presentation of the science content (knowledge and information) while all 

aspects of nature of science are activated.  

Table 1 

Nature of science aspects in Greenhouse 

GNOSIS Time Time (%) 

G1 – nature of science content 14΄54΄΄ 32,3 

G2 – nature of science context 8΄18΄΄ 18 

G3 – synthetic nature of science as a product 7΄48΄΄ 16,9 

G4 – nature of the evolution and the methodologies 

         of  science 
13΄15΄΄ 28,7 

G5 - nature of the interrelations of science and society 14΄36΄΄ 31,6 

G6 - nature of attitudes expressed through science 12΄54΄΄ 28 

G7 – nature of values fostered by science 4΄51΄΄ 10,5 

 

The bar-charts in Figure 3 show the time distribution of the seven GNOSIS categories 

in the various components of Greenhouse. 

Narration accompanied by pictures of the planet attempts to provide the essential 

knowledge about climatic change. Narration “teaches” (and this is why we have such 

a high percentage of nature of science content - G1) while pictures prove the 

consequences of global warming for environment and society, as a whole (this 

justifies the remarkable presence of interrelations of science and society - G5). 

Scientists provide the appropriate information regarding new technologies and 

methods (nature of evolution and methodologies of science - G4). They also suggest 

ways for handling the problem and changing consumers’ habits and attitudes in 

everyday life and mentality (nature of attitudes expressed through science - G6). 
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However, what is remarkable is that all the rest of GNOSIS categories are also present 

in the scientists’ words in sufficient percentages. 

Interviews with students and citizens have been included in the film in order to attract 

the interest to peoples’ responsibilities towards the environment and propose simple 

ways for handling the problem. This explains the high percentage of nature of 

attitudes expressed through science (G6) throughout the discussion with students and 

citizens. 
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 Figure 3. Nature of science aspects in Greenhouse 

Table 2 and the relevant bar-charts in Figure 4 present the percentages of time 

covered by each one of the seven GNOSIS aspects in the various film components and 

reveal where exactly in the movie lies each one of the 7 aspects of nature of science. 

We notice that all aspects are effectively conveyed through narration and interviews 

with scientists. Therefore, one might, perhaps, dispute the necessity of the rest of 

Greenhouse components (interviews with students and citizens as well as extracts 

from cartoons). However, these components contribute to our original objective, to 

make a film different from all similar pre-existing ones, in order to be used as modern 

educational material and attract the viewers’ interest, by means of activating not only 

the cognitive and meta-cognitive dimension of science teaching and learning, but also 

the emotional dimension.  

The results from the analysis of Greenhouse offer valuable clues about how audio-

visual teaching material should be built in order to be friendly and to be easy to 

communicate to non-specialists (pupils, teachers, citizens) within the context of 

scientific literacy. We find out that:  

α) It is very important not to let the science content prevail and outshine all other 

options of nature of science as well as to discourage science experts who often focus 

on specialised scientific information. 
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Table 2 

Nature of science aspects in Greenhouse 

GNOSIS 
Pictures/ 

narration 
Scientists Students Citizens Cartoons Total 

G1 76,5% 18,8% 0,7% 4% 0 100% 

G2 28,9% 57,8% 10,2% 3% 0 100% 

G3 5,1% 92,3% 1,3% 1,3% 0 100% 

G4 5,7% 90,2% 0,4% 3,7% 0 100% 

G5 42,1% 44,9% 2,7% 8,2% 2,1% 100% 

G6 4,3% 67,1% 8,2% 20,4% 0 100% 

G7 3,1% 81,4% 4,1% 5,2% 6,2% 100% 

 

Narration / Narration / 

PicturesPictures
ScientistsScientists StudentsStudents CitizensCitizens

Nature of science content G1

76,5%

0,7%
18,8%

4,0%

Nature of science context 

G2

28,9%

57,9%

10,2% 3,0%

Synthetic nature of science 

as a product G3

92,3%

1,3%
1,3% 5,1%

Nature of evolution and 

methodologies of science G4

90,2%

5,7%3,7%0,4%

Nature of the interrelation of 

science and society G5

42,1%

44,9%

8,2%
2,7%

2,1%

CartoonsCartoons

Nature of attitudes 

expressed through science 

G64,3%

67,1%

8,2%

20,4%

Nature of values fostered by 

science G7

81,4%

5,2%

4,1%

3,1%
6,2%

 

Figure 4. Nature of science aspects in Greenhouse 

Strand 6 Nature of science: History, philosophy and sociology of science

1061



 

b) If information concerning the contents of sciences is surrounded (preceded and 

followed) and supported by information regarding the socio-cultural context and 

science-society interactions as well as information aimed at values and attitudes, then 

a more friendly  introduction to science issues for non-experts (pupils, teachers, 

citizens) is really achieved.  

c) Information on how science composes as a mental product and evolves as a set of 

theories and methodologies is helpful for non-specialists in order to understand how 

science works. 

 

ARGUMENTATION AS AN ALTERNATIVE TEACHING 

STRATEGY 

Various audiences have seen the movie and they have participated in discussions 

regarding Global warming. Each time they formed 6 groups:  

a) ecologists, 

b) scientists and environment engineers,  

c) economists,  

d) nuclear energy supporters,  

e) transport experts,  

f) journalists. 

Each discussion has been recorded and has formed the ‘argumentation film’, which 

has also been analysed using the GNOSIS model.  

Table 3 and Figure 5 present the time distribution of the various aspects of nature of 

science, in each case and allow estimate the impact of Greenhouse on students and 

teachers participating in the discussion. If we compare GNOSIS analyses of all the 

video-taped discussions, we notice that:  

a. Primary school and secondary school students present “unequal” interest for the 

various aspects of nature of science. Pupils (11 - 12 year old) appear to have great 

interest in nature of attitudes expressed through science (G6) and to nature of the 

interrelations between science and society (G5) but they spend practically minimal 

time with nature of science content (G1) or with nature of values fostered by science 

(G7). High school students present high time percentages in G4 (nature of evaluation 

and methodologies of science) and G6 , but only little do they deal with G3 (synthetic 

nature of science as a product) and they have completely avoided G7. On the other 

hand, pre-service teachers present a more regular time distribution as they don’t fall 

under 9,4 % in each nature of science aspect, while in-service teachers share their 

interest in an even more symmetrical way, with all aspects of nature of science having 

percentages higher than 13,7 % of the whole time (with the exception of nature of 

values fostered by science, G7). 

b. Students, as well as pre- and in-service teachers give, in their discussions, priority 

to attitudes expressed through science (G6) and suggest action and changes in 

everyday life and consuming habits. This proves to be the main nature of science axis 

around which all argumentations are developed.  

c. Students, as well as in-service teachers, dedicate only minimal time to values 

fostered by science (G7), while this nature of science aspect appears quite often in the 

discussion between pre-service teachers. This is perhaps due to the fact that university 

students have attended recently a course on science for citizenship. 
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d. Nature of the evaluation and methodologies of science (G4) appears in quite higher 

percentages in the discussions between secondary school students (32,9 %) and 

between university students (32,4 % ) and in rather lower numbers in those between 

primary school students (23,2 %) and between in-service teachers ( 23,5 % ).  These 

numbers are remarkable, however, if we consider the fact that they regard a rather 

“uninviting” aspect of nature of science. 

e. Primary school students as well as pre- and in-service teachers appear to be 

particularly interested in nature of the interrelations between science and society (G5).  

On the other hand, high school students prefer to talk, not about the consequences of 

Global warming on the planet and society in general, but about the changes people 

should make in their everyday life (G6), in order to handle the problem.  

 

Table 3 

Time distribution of various aspects of nature of science 

GNOSIS 

Primary 

School 

students 

Secondary 

School 

students 

Pre-service 

teachers 

In- 

servive 

teachers 

G1 – nature of science 

content 
4,4% 13,7 % 9,4 % 19,5 % 

G2 – nature of science 

context 
19,4% 14,1 % 13,8 % 16 % 

G3 – synthetic nature of 

science as a product 
19,2% 7,4 % 10,7 % 13,7 % 

G4 – nature of the 

evolution and the 

methodologies of science 

23,2% 32,9 % 32,4 % 23,5 % 

G5 - nature of the 

interrelations of science 

and society 

33,3% 12,9 % 25,9 % 30,4 % 

G6 - nature of attitudes 

expressed through science 
42,2% 32,8 % 40,7% 30,7 % 

G7 – nature of values 

fostered by science 
2,8% 0,7% 11,3 % 1,5 % 
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Figure 5. Time distribution of various aspects of nature of science  

 

CONCLUSION 

The implementation of argumentation as a teaching strategy proves it to be an 

efficient way for introducing the participants to scientific issues. The argumentation 

encourages all participants, it keeps them “awake” and alert and, compared to 

traditional teaching methods, makes learning process more meaningful and vivid. In 

all cases, discussion reveals the participants’ anxiety about environmental problems 

and provides them with knowledge and “experience” regarding the issue. Students 

and teachers are absorbed in the argumentation and don’t realise time passing by. 

Many of them are eager to continue the discussion beyond the course. 

Greenhouse motivates citizens of all ages in order to participate in the discussion but, 

also, operates as an attitude encouraging factor. It focuses teachers’ and students’ 

interest to particular targets and, in fact, it shapes the attitudes of the relevant groups.  
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Abstract: This paper presents the views of 18 - 28 year old students (34 women and 18 

men), attending General Chemistry in the first year of the Diploma in Science and 

Technology at Quilmes National University, about how Science and Technology 

contribute to social thought. These opinions were surveyed before and after the delivery of 

a teaching and learning sequence (TLS) in chemistry classes. The TLS, called “Women 

and chemistry friendship” was designed under the EANCYT project (Spanish acronym of 

Teaching and Learning of Science and Technology Nature), intends to work on a book 

chapter containing chemistry inventions and discoveries of chemistry. Students must 

specify how these inventions and discoveries changed women lifestyle. The pretest and 

posttest questionnaire included some items of the Opinions on Science, Technology and 

Society Questionnaire (OSTSQ) such as the definition of technology; interaction diagrams 

between science, technology and society; why science & technology influence our 

everyday thinking; the influence of technology on society, and the impact of science on 

society. The results show that there is still a naive view of science, and that technology is 

still understood as practical knowledge that is directly derived from science. With regard to 

differences of opinion between the genders, it is striking to note that the issue in which 

there is greater difference (with positive index for men and negative for women) is the one 

concerning the influence of science on society. 

 

Keywords: Nature of Science and Technology - Chemistry Education – Students Opinions 

 

 

BACKGROUND AND FRAMEWORK 

The central objective of this research is to improve Nature of Science (NOS) understanding 

of university students, through educational intervention and evaluation tools designed and 

applied by us. In this work we present the results obtained by applying one of the designed 

teaching and learning sequences (TLS), called "Women and chemistry friendship", to 

include NOS in a General Chemistry course. This TLS was designed under the EANCYT 

project (Spanish acronym of Teaching and Learning of Science and Technology Nature), 

which is a research project involving groups from different countries of Latin America. 

The NOS is a set of meta-knowledge about what science is and how it works in the present 

world, which has been developed from multiple academic areas, especially from history, 

philosophy and the sociology of science. The central issue of NOS is the construction of 

scientific knowledge, including epistemological issues (philosophical principles 

underpinning validation) and issues about the relationship between science, technology and 

society (STS). NOS also recognized as heir to the STS movement and convergent with the 

same proposals for education in science and technology (S&T), for teaching science 

developed for several decades: improve public understanding of science and technology in 

today's world, encompassing understanding the impacts and solutions of S&T (social, 

environmental, economic, cultural, etc.), some more specialized topics of epistemology, 

and the relationship between science and technology (Spector, Strong and Laporta, 1998). 

The presence of NOS in the educational curriculum is justified for many reasons (cognitive 
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understanding, utilitarian, democratic, cultural, axiological), but undoubtedly the more 

global reason is the aim of achieving quality education in science and technology, 

promoting literacy in science and technology for everyone, and developing values and 

attitudes important to public understanding in a world increasingly permeated of S&T 

(Acevedo et al., 2005). The reforms undertaken by some countries in the last decade of the 

twentieth century have operationalized these educational purposes about NOS in school 

curricula (AAAS, 1993; Department for Education and Employment, 1999; NRC, 1996; 

NSTA, 2000), that have spread to many countries in recent years, at all levels of formal 

education, special influence on the space of compulsory secondary (Adúriz Bravo, 2005). 

Rationale and Purpose 

Empirical research in science education shows that students do not have a proper 

understanding about NOS. Negative results have been obtained in different countries and 

ages (Lederman, 1992). Several authors have found epistemological difficulties about the 

role of methodology, theories and hypotheses, models, creativity and the provisional 

character of scientific knowledge validation (Bell et al., 2003, Kang et al., 2005; Vázquez, 

Manassero and Acevedo, 2006). 

EANCYT implements two basic instruments: the educational intervention (TLS plan to 

teach students a specific NOS feature) and the assessment instrument to assess the 

improvement. The TLS and assessment tests are organized according to the structure of the 

Views on Science, Technology and Society -VOSTS- pool (Aikenhead & Ryan, 1992). 

EANCYT project used as an assessment tool the Opinions on Science, Technology and 

Society Questionnaire, OSTSQ (Manassero, Vázquez  y Acevedo, 2001), this is a bank of 

100 multiple-choice questions whose cover all common dimensions in research on NOS. 

OSTSQ issues can be developed to construct teaching sequences, adding appropriate 

supplements of resources and activities.  

 

METHOD 

Early, in a course of General Chemistry, students were subjected to a pretest consisting of 

five questions pertaining to OSTSQ. The questions here applied were related to the 

contributions of science and technology to social thinking. They enquire about students’ 

opinions on: technology definition, interaction diagrams between S&T and society, why 

S&T influence our daily thinking, technology influence on society, and science influence 

on society. 

Students surveyed consisted of two classroom-groups of 1
st
 year students in  Diploma in 

Science and Technology (one experimental and one control group): 52 students (34 women 

and 18 men), 18 to 28 years old. 

After one and half month of pretest, TLS was applied; it consisted in working on a book 

chapter called “Women and chemistry: a gender complicity” (Porro, 2011), a story about 

inventions and discoveries of chemistry that have changed the life of women throughout 

time. Groups of 3-4 students were formed, each of which was given a topic included in the 

chapter. Materials from Internet and other sources were consulted.  

Finally, after another one and half month, students were subjected to a posttest consisting 

of the same five questions of pretest. Statistical analysis was performed of data, 

determining the significant differences between pretest and posttest, by test U of Mann-

Whitney. 

Teaching and learning sequence: Women and Chemistry friendship 

Justification 
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The main role assigned to women, both before and after the development of chemistry as a 

discipline, irrespective of their social or economic status, has been (and in many cases, 

remain) to deal with the family and watch over them. Even when she has to earn a living 

outside the home, help cover the costs of the house with a home work, or work as a 

professional, woman devotes much of his time to what is defined as her natural role: family 

care. This involves a number of tasks that women repeated daily to feed the members of 

her household, engage the children and cleaning the house. Women are also the main key 

in what is called reproductive health, that the World Health Organization (WHO) defined 

as “a state of complete physical, mental and social well-being, and not merely the absence 

of disease or infirmity, reproductive health addresses the reproductive processes, functions 

and system at all stages of life”. Chemistry has contributed to reproductive health, 

throughout this activity we will see how. 

Basic competences to develop 

Critical thinking; Capacity of partnership, reflection and generalization; Collaborative 

group work; Ability to understand critically different discoveries. 

Aims 

Explore how chemistry contributed to the change in lifestyle of women. Improve the 

scientific literacy of the students. 

Handout 

A chapter of the book Chemistry and Civilization (Porro, 2011) and scientific articles 

related to topics on the same (anesthetics, antibiotics, contraceptives, cosmetics, soaps and 

detergents, textiles modern materials, plastics). 

Class Development 

Groups of 3-4 students were formed; a topic was assigned to each group. The class was 

held in a multimedia classroom, which allowed students to find material on Internet. Class 

lasted 4 hours, corresponding to the time allocated to practical laboratory work. After a 

week, each group must deliver a job in which their findings on the chosen topic were 

recorded, regarding: what scientific discoveries were involved in it, what technology was 

used, what influence it had on society, and what STS relationships were detected. 

Assessment Tool 

OSTSQ is a Likert scale survey in which each phrase can be assessed with values ranging 

from 1 to 9. Translation into attitudinal indexes, ranging from -1 to +1, depends on 

whether each of the phrases has been considered by a committee of experts: Adequate, 

Plausible or Naïve. This is done according to the table 1. 

Table 1 

Conversion of direct ratings to standarized attitudinal indexes  

Direct ratings of responses 

Degree of 

agreement 

Zero Almost 

zero 

Low Partially 

low 

Partial 

 

Partially 

high 

High Almost 

total 

Total 

Direct scale 1 2 3 4 5 6 7 8 9 

Standardized attitudinal index 
Phrase categ          

Adequate -1 -0,75 -0,5 -0,25 0 +0,25 +0,5 +0,75 +1 

Plausible -1 -0,5 0 +0,5 1 +0,5 0 -0,5 -1 

Naive +1 +0,75 +0,5 +0,25 0 -0,25 -0,5 -0,75 -1 
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Then, is possible to get a Global Index (G. I.) for each of the issues and also an index for 

each of the phrases (A, B, C… etc.). 

As pretest and posttest the following issues pertaining to OSTSQ were applied, that probe 

the opinion of the students about: 

- 10211. Definition of Technology: Define what technology can be difficult because it 

has many uses. But technology is MAINLY: 

A. much like science. 

B. the application of science. 

C. new processes, tools, machinery, tools, appliances, gadgets, computers or devices 

for practical daily use. 

D. robots, electronics, computers, communication systems, automation, machines. 

E. a technique to build things or a way to solve practical problems. 

F. invent, design and test things (for example, artificial hearts, computers and space 

vehicles). 

G. ideas and techniques for designing and making things; to organize workers, 

business people and consumers; and to the progress of society. 

H. know how to make things 

- 30111. Diagrams of interactions between S, T & S: Which of the following diagrams 

best represent the mutual interactions between science, technology and society? 

(Simple arrows indicate a single direction for the relationship, and double indicate 

mutual interactions. Thicker arrows indicate a stronger relationship than fine arrows, 

and fine more than the dotted; the absence of an arrow, lack of relationship). 

A.  Science  Technology  Society 

 

B.  Technology  Science  Society 

 

C.    Science   

 

  Technology         Society 

 

D.    Science   

 

  Technology         Society 

 

 

E.    Science   

 

  Technology         Society 

 

F.    Science   

 

  Technology         Society 

 

G.         Science   Technology  

 

    Society        
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- 40711. Why science and technology influence our everyday thinking: Science and 

technology influence our everyday thinking because they provide us new words and 

ideas: 

A. Yes, because the more science learns, more vocabulary grows, and hence, more 

information can be applied to everyday problems. 

B. Yes, because we use the products of science and technology (such as computers, 

microwaves, healthcare). New products added new words to our vocabulary and 

change the way we think about daily affairs. 

C. Science and technology influence our thinking, BUT influence is mainly 

contributing new ideas, inventions and techniques that expand our thinking. 

Science and technology are the most powerful influences in our daily lives, but not 

because of words and ideas: 

D. but because almost everything we do and everything around us has been somehow 

invented by science and technology. 

E. but because science and technology have changed the lifestyle. 

F. No, because our daily thought is mainly influenced by other things. 

 

- 40811. Impact of Technology on Society: Does technology influences society? 

A. Technology does not have too much influence on society. 

B. Technology makes life easier. 

C. Technology is part of every aspect of our lives, from birth to death. 

D. Technology influences society by the way it is used. 

E. Technology provides society with the means to improve or destroy itself, depending 

on how is implemented. 

F. Society change as result to accept a technology. 

G. Technology provides science tools and techniques that make modern society. 

H. The technology seems to improve the quality of life at first sight, but below 

contributes to environmental degradation. 

 

- 40821. Impact of Science on Society: Does science influences society? 

A. Science does not have too much influence on society. 

B. Science directly influences only those people in society who have an interest in 

science. 

C. Science is available for the use and benefit of all. 

D. Science enables people to see the world. 

E. Science has fostered "modern" worldview and society becoming more permeable. 

F. Science encourages society to seek more knowledge. 

G. Science influences society through technology. 
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RESULTS 

Differences between pretest and posttest 

For the first question, regarding the definition of technology, the obtained global index 

(GI) is negative in pretest and positive for posttest.  

With respect to the indexes for each phrase: 

- Phrase B (naive option, which states that "technology is primarily the application of 

science") has obtained lowest rate in pretest (-0.466). Even in the posttest the index 

remains negative (-0.067), but this phrase gets a more positive difference, Δ (Post - 

Pre) = 0.399 (which shows that after applying the TLS the students agree less with 

this idea). 

- Phrase G (adequate option, which states that “technology is mainly ideas and 

techniques for designing and making things; to organize workers, business people 

and consumers; and to the progress of society”) obtained highest rate in both the 

pretest (0.229), and posttest (0.266). 

For the second question, referred to mutual interactions among S, T and S, the G.I. 

obtained is positive in both, pretest and posttest, no significant improvement has been 

observed between them.  

With respect to the indexes for each phrase: 

- G gets highest rate (0.584), (being naive, high index means little support to the diagram it 

refers to), in which neither science nor technology would relate to society: 

 

Science     Technology 

 

          Society 

- there is only the phrase A which gets a negative index in the posttests, naive, showing the 

traditional lineal idea of the relationship among S, T and S, as in the following diagram: 

 

Science  Technology         Society 

 

For the third question, regarding contribution of science and technology to social thinking, 

the G.I. obtained is negative in both, pretest (-0.122) and posttest (-0.057).  

However: 

- Phrase A (naive, which states that "science and technology influence our everyday 

thinking because they provide new words and ideas to us, since the more S&T is 

learned, the more vocabulary is developed, and therefore, more information can be 

applied to everyday problems") gets the highest positive difference, Δ (Post - Pre) = 

0.243 (students show less agreement with it after the TLS). 

- Phrase E (adequate, which states that “science and technology are the most 

powerful influences in our daily lives, because S&T have changed the lifestyle”) 

obtains a positive index in both the pretest and posttest. It is the sentence of this 

issue that has received the most G.I. in the posttest (0.301) 
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For the fourth question, referring to the general influence of technology on society, 

obtained G.I. was positive in both, pretest (0.029) and posttest (0.104).  

With respect to the phrases: 

- Phrase A, (naive, stating that "technology does not influence society significantly") 

has obtained highest rate in both, pretest and posttest (agreement with this sentence 

has decreased). 

- Phrase E (plausible, which states that “technology provides society with the means 

to improve or destroy itself, depending on how is implemented”) had the lowest 

pretest index (-0.548). It gets the highest positive difference, Δ (Post – Pre) = 0,376 

(students show greater agreement with expert opinion).  

For the last issue, related to the general influence of science on society, the G.I. was 

negative for both pretest (-0.063) and posttest (-0.059). This question gets the least G.I. in 

the posttest.  

With respect to the phrases, it has also been observed that: 

- Phrase C (naive, it states that "science is available for the use and benefit of 

everybody") obtains the lowest G.I. (-0.599) out of the 36 issues that have 

integrated pretest. And, although it is statement that has achieved the greatest 

increase: Δ (Post - Pre) = 0.460, the index in the posttest is still negative (-0.139).  

- Phrase F (plausible, it states that “science encourages society to seek more 

knowledge”) has significantly improved between the pretest index (-0.387) and 

posttest (-0.043). 

Differences between women and men 

In the pretest significant differences between men and women were obtained, indexes are 

presented in Table 2. 

 

Table 2 

Significant differences between men and women in pretest 

 

Issue/Phrase Women index Men index 

10221/F 0.130 -0.278 

30111/A 0.426 -0.361 

40811/E -0,426 -0,889 

40811/G -0,222 0,333 

 

Table 3 shows the significant differences found between men and women in the posttest. 

Table 3 

 

Significant differences between men and women in posttest 

 

Issue/Phrase Women index Men index 

40811B -0,375 0,036 

40821A -0,125 0,393 

40821B -0,359 0,214 

40821D 0 0,429 
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In the posttest, the issue 40821, referred to the general influence of science on society, is 

the only one in which women do not get positive index in any of the sentences. 

 

DISCUSSION AND IMPLICATIONS 

The results obtained show the need to work a lot with the concept of technology, as it is 

still understood as practical knowledge directly derived from science. The students do not 

seem to realize that: “The naive picture of technology as applied science simply does not 

fit all the facts. Inventions not hang like fruits of the tree of knowledge” (de Solla Price, 

1980). 

A very strong matter of concern is the result regarding the fact of great support obtained by 

the statement "science is available for the use and benefit of everybody, that sees science 

as "not instrumental" (Ziman, 2003). This shows a naive view of science by the students, 

for two reasons: 

- this statement supports the neutral view of science, as if it could only be used for 

positive purposes. 

- it seems to reflect the belief that science is truly universal, and allows equal access 

of all people to its benefits. 

With regard to differences of opinion between genders, in the pretest significant 

differences are observed in four sentences, and only one index is higher for male students, 

one that says: “Technology provides science tools and techniques that make modern 

society”, which is a plausible phrase. It is striking to note that in the post four significant 

differences observed (all different from the pretest) have a higher rate for male students, 

three of them belonging to the question concerning the influence of science on society. 

This seems to indicate that, while the global index has increased after the implementation 

of the teaching unit, somehow this activity has influenced more male opinions (bringing it 

to the experts) than female. Remain for the next research understanding the reason for this 

behavior. 

As a final thought, we consider that is important introducing themes of Nature of Science 

and Technology in our classrooms of Chemistry, because through them we help our 

students, as well as incorporating the specific concepts of the discipline, to reflect on the 

importance of knowledge of scientific and technological issues in our decision making as 

citizens. 
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Abstract: The purpose of this research was to promote improved understanding of socio-

environmental aspects and the nature of science and technology (NoST) in future 

pedagogues, through teaching-learning sequences based in creative and recreational 

activities and daily experiences. We worked with a sample of 17 undergraduate 

pedagogy students who were enrolled in the general teaching subject. The instruments 

used were the teaching sequence (TS) through which didactic intervention was carried 

out, and the Questionnaire of Opinions on science, technology and society (COCTS, for 

Spanish acronyms, Manassero et al., 2003). The TS applied was the "Participation of 

science, technology and society in environmental issues" and TS activities were 

supported by the competency-based education approach. The participants were 

evaluated before and after the educational intervention through a quasi-experimental 

research. With this study we can confirm that the participants did not possess clear 

concepts of science and technology, and consequently did not understand well the 

interactions between science, technology and the environment. With the application of 

TS the understanding of some aspects of social and environmental issues and NoST was 

improved in future pedagogues. The educational intervention, albeit on a limited scale, 

allowed them to critically reflect on the positive and negative aspects of S&T, society 

and the environment. 
 

Keywords: Nature of science and technology, socio-environmental problems, teaching sequence, 

undergraduate pedagogy students, beliefs and attitudes.  

 

 

INTRODUCTION  

The development of science and technology (S&T) has played an important role in the 

changes experienced in a society, in terms of the quality of life of individuals, and with 

regard to their beliefs, attitudes and values. This development has led in many cases to 

improve the quality of life of the country: but unfortunately also has promoted the 

economic and political power that has caused social and environmental changes that 

have resulted in a serious global crisis 

The devastating use of natural resources, scientific and technological progress and 

environmental pollution, have shown that is necessary to reach a sustainable 

development. However, to achieve this it is essential an environmental, scientific and 

technological literacy that contributes to building an environmentally responsible 
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citizenship and enable educators and students recognize how the cultural meanings 

about the environment are transmitted and constructed (González Gaudiano, 2001).  

All these factors, from biological and physical factors, to social, political, economic, 

and cultural are the ones which have made a remarkable civilizational crisis on the 

majority of world’s population. 

In the last two decades Mexico has undergone major social and political economic 

changes; these changes have been followed by a deep environmental degradation that is 

reflected in a dramatic climate change, biodiversity loss, physical and mental health 

issues, poverty, insecurity, social anxiety, and loss of values and life quality, mainly due 

to the economic development model, the centralized nation powers model, and the 

lesser importance given to environment care over several years. All these problems aim 

to a scientific and environmental literacy that contributes to the creation of a 

technological and environmentally involved citizenry. 

Therefore, increased knowledge, awareness and sensitivity are necessary in today's 

society.  Thus and according to the current trends in science education (SE) and EA it is 

very important fomenting favorable attitudes towards science and technology, and 

promoting social responsibility towards the environment for a sustainable future. In this 

context, education must find alternatives to understand and transform beliefs, 

knowledge, attitudes, values and conducts that result in beneficial social and cultural 

changes towards society and the environment. And it is precisely here where the teacher 

training institutions play a very important role. With respect to this point throughout its 

history, Mexico has tried to raise the quality of teachers in different ways; today one of 

those is to form teachers with higher professional skills, better domain of the teaching 

contents as well as pedagogical content knowledge and specialized tutorials 

accompaniment supported by relevant higher education institutions (SEP, 2010 and 

2011). 

On the other hand, empirical research in science education has shown that students do 

not have a proper understanding about nature of science (NOS). This research is a part 

of an international collaborative research project about teaching NOS issues (Vázquez, 

Manassero and Bennàssar, 2012). The purpose of this paper was to improve 

understanding of socio-environmental aspects and the nature of science and technology 

(NoST) in future pedagogues, through teaching-learning sequences based in creative 

and recreational activities and daily experiences. 

According to some authors like Abd-El-Khalick (2006) exploring the meanings that 

college science students ascribe to various aspects of NOS is significant because a good 

understanding of NOS is an essential component of scientific literacy, which is a goal 

for all citizens in participatory democracies (AAAS, 1990; NRC, 1996). It is also 

important to note that the educational research to improve learning and teaching about 

NOS has focused in recent years on curriculum development and effectiveness in the 

classroom. Thus we emphasize the relevance of a good understanding of NOS and 

socio-environmental issues. 

 

METHODS 

The research followed a pre/post-test design. The implementation of teaching sequence 

took place between the two assessments. 
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Sample 

We worked with a sample of 17 junior undergraduate pedagogy students who were 

enrolled in the general teaching subject in a Mexican university. Their ages ranged from 

21 to 48 years. 

Instruments 

The instrument used was the Questionnaire of Opinions on science, technology and 

society (COCTS, for Spanish acronyms, Manassero et al., 2003). Items considered from 

the COCTS were: 

 The concepts of S & T, 

 Relationship of STS with social responsibility toward pollution, 

 Technology Relations with the living standards of our country. 

The teaching sequence (TS) through which didactic intervention was carried out, and 

was the "Participation of science, technology and society in environmental issues," TS 

activities were supported by the competency-based education.  

Procedure 

The participants were evaluated before and after the educational intervention with a 

quasi-experimental research approach. The pre-test was applied to students 1.5 months 

before TS, and the post-test was applied 1.5 months after TS was implemented. We 

compared pre-test/post-test scores of students’ responses through a t-test for correlated 

samples.  

 

RESULTS 

After the intervention, only in three of the nine phrases of the question the students had 

more adequate perceptions about science (Fig. 1), but that is an improvement in the 

understanding of these matters, since they no longer considered science as only the 

study of fields such as biology, chemistry, geology and physics or as something to 

explore the unknown. They were now able to identify science as (phrase10111B_A) a 

body of knowledge, such as principles, laws and theories explaining the world around 

us (matter, energy and life). 
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Figure 1. Results concerning perceptions of science student teachers.  Phrases with 

significant difference. 

Changes manifest in the beliefs of pedagogues in training about technology before and 

after the intervention (Fig. 2) in the sense that they no longer consider technology just 

similar to science or something useful only to make equipment or machinery; however, 

there was not statistical difference in the phrase (10211G_A) referent to techniques for 

designing things and organizing persons, indicating that regardless of the TS, the 

students were able to identify the appropriate phrase. 

 

Figure 2. Perceptions of Technology Education students.  Sentences with significant 

differences. 

Attitudes towards social and environmental issues were explored through a question that 

presents the problem of the social responsibility to pollution caused by highly 

industrialized countries (see the whole question in appendix 2), although there were 

only two significant differences, it’s interesting to note that most of the negative 

attitudes about social and environmental issues of pollution were directed towards 

favorable attitudes, as evidenced by the positive indexes in almost all sentences posttest. 
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This is an interesting result since they had not clear, in the beginning, what was the 

environmental issue. 

 

Figure 3. Opinions of training pedagogues on social and environmental issues assessed 

through social responsibility to the pollution caused by heavy industry.  Items with 

significant differences. 

 

As for the question concerning More technology will improve the living standards of 

our country (40531; Figure 4) there was no significant change between the pretest and 

posttest, however some phrases did not improve after the implementation of the TS, 

though not enough to show statistical difference, this data shows that restructuring and 

deepening this issue in the TS is an area of opportunity, very important for 

understanding the NoST and its relationship with current environmental issues. 

 

Figure 4. - Opinions on the relationship of technology to life quality. It can be seen that, 

although there were no significant differences, it do is shown some negative trends and 

some more positive ones after the educational intervention. 
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DISCUSSION AND IMPLICATIONS 

With this study we can confirm that the participants did not possess clear concepts of 

science and technology, and consequently did not understand well the interactions 

between science, technology and the environment. They related some aspects of 

pollution to technology; however, mentioning some examples of existing contaminants 

and linking them to S&T was extremely difficult to them, mainly because they had not 

very strong conceptions about NoST, these results confirm previous research showing 

that notions about NoST are inappropriate (Acevedo et al., 2002). With the application 

of TS "The participation of science, technology and society in environmental issues" the 

understanding of some aspects of social and environmental issues and NoST was 

improved in future pedagogues. The relevance and necessity of such proposals it’s been 

highlighted by some studies that have shown that undergraduates don’t have consistent 

ideas about the relationship between socio-environmental aspects and the NoST and that 

their main source of information on these topics are TV programs (Carvalho 

Washington, 2005). These generate wrong beliefs and misconceptions, along with 

unfavorable attitudes and behaviors towards the environment, and these behaviors 

create and exacerbate environmental problems that threaten the well-being not only for 

the human kind, but for all the species on the planet (García-Ruiz and Lopez, 2011). 

The TS permitted to the students carried out a critical reflect on the positive and 

negative aspects of science, technology, society and the environment. 

In addition, the results suggest that TS used in this research, allowed the pedagogues in 

training, not only to relate the content to be treated with the environment, but also use 

different strategies, as we could see, when students developed their own practices 

required to accredit their courses. For example the students were able to understand the 

relations between socio-environmental problems and the NoST from a new perspective 

in which they note the relevance of the participation of members of the school 

community, both students and parents family at different levels and could be addressed 

in different subjects. 

In conclusion the educational intervention, albeit on a limited scale, allowed to the 

students to promote some awareness, responsibility and environmental collaboration to 

improve the well-being of individuals, society and the environment. 

 

NOTES 

Authors’ note. Project funded by the Academic Area 2 of the National Pedagogical 

University (Mexico) and the National R + D + i of the Ministry of Science and 

Innovation (Spain) Research Project EDU2010-16553. 
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APPENDIX 1 TEACHING SEQUENCE EXAMPLE 

TÍTLE: Participation of science, technology and society in environmental issues. SESSIONS 

2 

Session 

 

General Description: Reflections about socio-environmental problem and the nature of 

science and technology. 

School curriculum: General Didactics II 

Level 

Undergraduate 
 Pedagogy 

BASIC SKILLS 

 States the relationship between science, technology, society and the environment in historical and everyday contexts. 

 Discuss the impacts of science and technology in their daily lives, assuming ethical considerations. 

Design models or prototypes to solve problems and show scientific principles. 

OBJECTIVES  

 Identify local environmental problems, and positive and negative implications of the relationship between STS and these issues. 

Recognize and appreciate the relevance of STSE approach to promote at school, values, attitudes and habits for the care, 

preservation and improving the environment. 

Time ACTIVITIES (Students / Teacher) 
Methodology/ 

organization 

Materials/ 

Resources 

2.5 hours 

ENGAGE: Introduction-motivation 

• Systematize personal experiences regarding environmental problems. 

• Orally expose personal experience about the environmental problems/solve 

doubts and guide students to taking on count their own experiences about the 

environmental problems in the University. 

• Discuss the exposed problems/guides the discussion 

Brainstorm 

and organize 

the students in 

small groups 

to analyze and 

debate the 

issues. 

 Flipchart 

sheets, 

paper, 

markers 

 ELICITATES previous knowledge   

Identify the causes of some environmental problems and their relation with science 

and technology/Organize the group to research about the environmental problems 

in their own context.  

  

 Small groups.  

  

 Laptop 

and 

projector. 

 

 Development 
  

 Team work 

analysis and 

reflection. 

 

  

  Laptop.  

Flipchart 

sheets, 

paper, 

markers  

Contents   

 Local environmental problems 

 Environmental problems: Challenges and Alternatives solutions  

 

 EXPLAIN Procedures   

 Review materials according to the correspondent problematic/ Join student’s  

research procedures. 

 

 Small group 

Case analysis 

 Different 

reference 

sources.  

Different 

materials. 

 EXPLAIN Attitudes   

Share acquired information, collaborative attitude / Actions that help  

objective achievement. 

  

 EXPLORE Consolidation   

Team prepared conceptual framework synthesizing work and showing  

the relationship between society, science, technology, and  

and environment problems. 

/ Moderate the exposition. Orient the analysis regarding factors  

(science, technology, culture, economy) that are generating environmental problems, 

 as well as solution proposals. 

Small groups Mural or 

graphic 

organizer 

 

Flipchart 

sheets 

 Evaluate   

Instruments (questionnaire items)  

Write a text making a reflection about economic, political, and social causes that the  

environmental issue comes from. /  

Receive and analyze the material. Make suggestions or comments 

Pretest-Postest 10111, 

10211,  

M-30111 

40161, 

40531. 

 EXTEND Reinforcement activities   

Debate on the participation of CTS in environmental issues, as well as their contribution on solution and prevention  
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alternatives / Guide and regulate discussion. 

EVALUATION/REFLECTION ON TEACHING PRACTICE Assess how new knowledge will impact on CTS relationship and its 

implications on environmental issues. 

APPENDIX 2 QUESTIONNAIRE 
 

PRESENTATION 

This questionnaire seeks to know anonymously your opinions about some important questions about science and 

technology in the current world. All the questions have the same structure: an initial text that outlines a problem 

following a list of sentences (ordered and labelled successively A, B, C, D, etc.) that represent different alternatives to 

answer reasonably the problem.  

Your task is to rate each one of the sentences according to your degree of personal agreement. Besides the letter 

of the sentence, please, write the number that represents your opinion, expressed in a scale from 1 to 9 with the 

following meanings:  

 

 

In case you cannot write your opinion rate on a sentence, please select the reason: 

 E. I don't understand it.  

S. I don't know enough to rate it. 

 

DEMOGRAPHIC DATA (please, write or thick one answer per data). 

I live in… Argentina1   Brasil2   Colombia3   España4   México5   Portugal6   Uruguay7    other8  

I am ____ year old?       (please, write down your age)    

I am…    a man1    a woman2 

Are you a student…?  

 Yes, high-school1  Yes, beginning college2    Yes, finishing my degree3    No, I am not a student4 

Are you a teacher…?  Yes, in initial training1  Yes, in service2          I am not a teacher3 

If you are a teacher, in training or in service, what is your educational level…?   

 primary1    Low secondary2   vocational education3     High-school4     university5     other6 (write) __ 

Which is your highest academic degree?  

 PhD1  Master2  Graduate3       short graduate4  High school5         other6 (write) ______ 

 

How could you define the main specialty of… (thick one in each column) …your degree? …your job? 

Arts (music, theatre, painting, sculpture, design, etc.) 1 1 

Humanities (literature, languages, history, art, philosophy, logic, etc.) 2 2 

Socials (law, economy, management, sociology, geography, psychology, education) 3 3 

Engineering (architecture, mathematics, computer science, etc.) 4 4 

Science (physics, chemistry, biology, Earth, environmental, sea, medicine, etc.) 5 5 

A mixture of the previous ones (including science) 6 6 

None of the previous ones, other 7 7 

 

 

 

 

 

 

 

 

DISAGREEMENT  Undecide

d 

AGREEMENT OTHER 

Total 
Hig

h 
Mean Low  Low Mean 

Hig

h 
Total 

I don't 

understand 
I don't know 

1 2 3 4 5 6 7 8 9 E S 

Example of Question with its answers 

 (the numbers located in the left column are the answers you should write down; the numbers of this example are 

fictitious and they should be taken just as an example of the model of answer) 

 

10412 Does science influence technology? 

 1   A. science doesn't influence too much technology. 

 6   B. Technology is applied science. 

 8   C. The advance in science leads to new technologies. 

 9   D. Science becomes more valuable when it is used in technology.   

 7   E. Science is the base knowledge for technology. 

 8   F. Knowledge from the applied scientific investigation is more used in technology that the 

knowledge of the pure scientific investigation. 

 2   G. Technology is the application of science to improve the quality of life. 
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10111 Defining science is difficult because science is complex and does many things. But MAINLY science is:  

A.  a study of fields such as biology, chemistry and physics.  

B.  a body of knowledge, such as principles, laws and theories, which explain the world around us (matter, 

energy and life).  

C.  exploring the unknown and discovering new things about our world and universe and how they work.  

D.  carrying out experiments to solve problems of interest about the world around us.  

E.  inventing or designing things (for example, artificial hearts, computers, space vehicles).  

F.  finding and using knowledge to make this world a better place to live in (for example, curing diseases, 

solving pollution and improving agriculture).  

G.  an organization of people (called scientists) who have ideas and techniques for discovering new 

knowledge.  

H.  an inquiry process and its knowledge outcomes. 

I.  no one can define science. 

10211 Defining what technology is, can cause difficulties because technology does many things. But MAINLY 

technology is:  

A.  very similar to science.  

B.  the application of science.  

C.  new processes, instruments, tools, machinery, appliances, gadgets, computers, or practical devices for 

everyday use.  

D.  robotics, electronics, computers, communication systems, automation, etc..  

E.  a technique for doing things, or a way of solving practical problems.  

F.  inventing, designing and testing things (for example, artificial hearts, computers, space vehicles).  

G.  ideas and techniques for designing and manufacturing things, for organizing workers, business people and 

consumers, for the progress of society.  

H. the know-how to make things (for example, instruments, machinery, apparatuses). 

 

M-30111 Rate the following diagrams, according to the better representation of the mutual interactions among 

science, technology and society in your opinion.  

(The simple arrows indicate a one-way relationship, and the double arrows indicate two-way interactions. The 

thickest arrows indicate a relationship that is more intense than the fine ones, and these are more than intense than 

those dotted; the absence of arrow, indicates a lack of relationship). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

40161 Heavy industry has greatly polluted North America. Therefore, it is a responsible decision to move 

heavy industry to underdeveloped countries where pollution is not so widespread.  

A.  Heavy industry should be moved to underdeveloped countries to save our country and its future 

generations from pollution.  

B.  It’s hard to tell. By moving industry we would help poor countries to prosper and we would help reduce 

our own pollution. But we have no right to pollute someone else’s environment.  

C.  It doesn’t matter where industry is located. The effects of pollution are global.  

(       ) A  Science  Technology  Society                Environment 

 

 (       ) B                    Science                       Technology  Environment             Society 

 

(        )  C   Technology  Science       Environment       Society 

 (        )  D                                Science       Environment 

 

 

   Technology         Society 

 

(       ) E    Science   

 

   Technology         Society 

                                         

                                                        Environment 

 

(       ) F    Science   

 

   Technology         Society 

 

                                                         Environment 

 

(       ) G    Science   

 

   Technology         Society 

                                                         

                                                          Environment 
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Heavy industry should NOT be moved to underdeveloped countries:  

D.  because moving industry is not a responsible way of solving pollution. We should reduce or eliminate 

pollution here, rather than create more problems elsewhere.  

E.  because those countries have enough problems without the added problem of pollution.  

F.  because pollution should be confined as much as possible. Spreading it around would only create more 

damage.  

 

40531 More technology will improve the standard of living of our country.  

A.  Yes, because technology has always improved the standard of living, and there is no reason for it to stop 

now.  

B.  Yes, because the more we know, the better we can solve our problems and take care of ourselves.  

C.  Yes, because technology creates jobs and prosperity. Technology helps life become easier, more efficient 

and more fun.  

D.  Yes, but only for those who can afford to use it. More technology will cut jobs and cause more people to 

fall below the poverty line.  

E.  Yes and no. More technology would make life easier, healthier and more efficient. BUT more technology 

would cause more pollution, unemployment and other problems. The standard of living may improve, but the quality 

of life may not.  

F.  No. We are irresponsible with the technology we have now; for example, our production of weapons and 

using up our natural resources.  

 

 

Thanks for your helpful collaboration! 
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FOR AN ENRICHMENT AND RENEWAL OF THE 

CONCEPTION OF “NATURE OF SCIENCE” IN SCIENCE 

EDUCATION 

Vincent Richard,  

Université Laval, Quebec city, Canada 

Abstract: At this time there is a trend toward ever more explicitly integrating reflection 

over the “Nature of Science” (NOS) into efforts to renew science education. As several 

studies have tended to show, the conception of NOS most widespread among teachers 

generally amounts to a list of decontextualized generalizations that only barely manage to 

account for science “as it is actually done”. Moreover, the renewed interest for NOS has 

been accentuated, among other things, by the objective of developing genuine “scientific 

literacy”. Working within the “science, technology and society” (STS) perspective, our 

research has led us to document the NOS conceptions of life science researchers, 

particularly with a view to enriching and renewing a widespread conception of NOS for 

science education purposes. Specifically, our research has aimed to gather the discourse 

of researchers concerning their conception of science “as it is actually done” so as to 

sketch out some epistemological profiles regarding their conceptions of NOS and to 

explore the ways they articulate the “science and society” relationship. We conducted a 

number of semi-structured interviews with five scientists and then performed a thematic 

analysis so as to identify the main themes discussed in connection with their conception 

of NOS. Our analysis suggests that the researchers’ conception of NOS is generally 

worked out in relation to the theme of “scientific method”. While there is consensus over 

the importance of method, these researchers tended to hold widely diverging views of this 

research process. Moreover, our interpretation of their conception of the “science and 

society” relationship suggests that the researchers pictured this relationship in terms of 

“professional ties”. In our discussion, we suggest that efforts to integrate a NOS 

component in science education cannot dispense with reflection on the scientific process 

and the impact of research processes on the “value” of scientific knowledge.  

Keywords: Nature of Science, epistemology, science education, science and society.  

INTRODUCTION 

At this time there is a trend toward ever more explicitly integrating reflection over the 

“Nature of Science” (NOS) into efforts to renew science education (Abd-El-Khalick & 

Lederman, 2000). To begin with, as several studies have tended to show, the conception 

of NOS most widespread among teachers generally amounts to a list of decontextualized 

generalizations that only barely manage to account for science “as it is actually done” 

(Clough, 2005; Elby & Hammer, 2001; Rudolph, 2000; Wong & Hodson, 2009). 

Moreover, the renewed interest for NOS has been accentuated, among other things, by 

the objective of developing genuine “scientific literacy” – i.e., a stated objective of 

several curricular reforms relating to science education dating to the early 1990s 

(Roberts, 2007). In this context, a fundamental question is to know what understanding of 

NOS should be promoted.  

The literature comprises several proposals that define or describe an NOS component for 

integration in science education. According to Turner (2008) these various proposals are 
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framed according to three perspectives. Rooted in a long tradition associating science 

with philosophy (Matthews, 1994), the historico-philosophical perspective was for many 

years the approach of choice (Alters, 1997) for providing an account of “what science is” 

(see Lederman, Abd-El-Khalick, Bell, and Schwartz (2002)). In its more contemporary 

version, the systematic use of philosophy to define the conception of NOS has drawn 

considerably on the example of Matthews (1994) and his project to re-launch the 

promotion of science by bringing the fields of history, philosophy of science and science 

education closer together.  

The “authentic science” perspective proposes to promote a NOS component via students’ 

direct contact with research activities that come as closely as possible to what is done in 

science (Wong & Hodson, 2009). As such, the authentic science perspective does not 

seek to articulate a strict definition of what “is” or “should be” NOS, but rather seek to 

document, to understand and to conform education strategies to actual scientific 

practices.  

Finally, the “Science, technology and society” (STS) perspective, broadly considered, 

proposes to orient science education toward building the capacity of citizens to 

participate in the democratic decision-making process when, for instance, scientific and 

technological developments raise social issues (e.g., risk management in relation to a new 

technology). Thus, the STS movement stresses the importance of a scientific education 

that accounts for the “social context of science” (Aikenhead, 2003), putting special focus 

on the relationship between science and society.  

From our perspective, our goal, in addressing the question of “NOS”, is to try to 

understand how the many different answers to questions like: “what is science?” and 

“what is scientific knowledge?” shed light to the vast scientific enterprise. From an 

epistemological point of view, we adopt the STS perspective focusing of the relationship 

between “science and society” and share some of the “authentic science” view. In our 

research, we do not address the question of what is the actual, definitive and 

comprehensive definition of NOS. In fact, we believe that such an enterprise is vain and 

fruitless (see Richard, 2012).  

RATIONALE  

We see in the literature that many strategies could be adopted in order to address these 

issues and to propose avenues for enriching and renewing a NOS component in science 

education. One of them has been to turn to scientists in order to document their 

conception of NOS. It is a long tradition, insofar we consider Behnke (1961) as one of the 

first publications on that topic (see, among others,Glasson & Bentley, 2000; Hogan & 

Maglienti, 2001; Kimball, 1967-1968; Osborne, Collins, Ratcliffe, Millar, & Duschl, 

2003; Pomeroy, 1993; Samarapungavan, Westby, & Bodner, 2006; Schmidt, 1967; 

Schwartz, 2004; Schwartz & Lederman, 2008; Schwartz & Lederman, 2006; Wong & 

Hodson, 2009, 2010).  

In turning to scientists, our goal was to document their understanding of NOS in order to 

1) listen to the scientists’ discourses on science as it is “actually done”; 2) to pay attention 

to the voices of scientists and to display their conception of NOS in such a way that they 

can recognize themself in our discourse; 3) to investigate a rather unexplored field; and, 

according to the word of Wong and Hodson (2009), 4) to contribute to the dialogue 
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between the scientific community and science educators about NOS. This study was 

designed to contribute to a larger project undertaken at least a decade ago: “to begin to 

understand what the various practices of science look like in all their myriad forms, in 

order to provide some reasonably authentic context in which to situate the scientific 

knowledge claims of the curriculum” (Rudolph, 2000). 

Working within the “science, technology and society” (STS) perspective, our research 

has led us to document the NOS conceptions of five life science researchers. One of our 

main goals was to explore the ways they articulate the “science and society” relationship. 

Again, our goal was not to “perfect” some consensual definition of NOS, but to draw a 

broader portrait of the many different understandings of NOS and to try to make sense of 

these conceptions.  

METHODS 

With regard to methodology, a case-study methodological approach was adopted for this 

exploratory research, drawing heavily on the writings of Rothman, Glasner, and Adams 

(1996) as well as those of Waterton, Wynne, Grove-White, and Mansfield (2001). Our 

research aimed at gaining a deep understanding of the conceptions of NOS held by five 

(5) life science researchers. We chose to document their conception of NOS in order to 

closely examine a discipline whose rapid growth – attributed, at least in part, to the 

development of genetic engineering in the 1980s – has contributed to the “major social 

transformations” of the 20
th

 century (Strydom, 2002). Table 1 summarises the main 

features of our research protocol.  

Our research protocol was divided into four steps. First, we conducted semi-structured 

individual interviews in which we addressed three topics: a) the subjects had to react to 

and to discuss on a common understanding of science where « scientific knowledge is 

considered to be universally valid and true, science as absolutely objective and factual, 

etc. »; b) they had to identify some aspects of their research practices which enable them 

to say that the knowledge they produce would be « scientific » or could be qualified as 

being « scientific »; c) they had to discuss about the relevance of bringing in science (and 

scientific knowledge) in social debates, referring directly to the debate on the 

acceptability of biotechnologies. 

Secondly, we proceeded to a summary thematic analysis (Paillé & Mucchielli, 2008): 

transcription of interviews, identification of “short statements synthesizing what was the 

subject of discussion” (énoncés or statements), construction of a structures discourse 

based on these statements and accounting for the subjects’ understanding of NOS.  

Afterwards, we proceeded to a second interview whose goal was to validate our summary 

thematic analysis according to the principles of « stakeholder check » (Kvale, 1996). 

Validation is understood here as “authenticity” and “understanding” (according to Guba 

& Lincoln, 1989, quoted by Cohen, Manion, & Morrison, 2007, p. 134). In an open 

discussion with the subject, we read together the statements (as a structured discourse) 

and asked the subject if these statements were in accordance with their understanding of 

science and scientific knowledge. We reoriented our analysis according to the subject’s 

feedbacks.  

Strand 6 Nature of science: History, philosophy and sociology of science

1089



 

 

Finally, we proceeded to the thematic analysis itself. Based on the transcripts of the first 

interview and the validation/correction of the second interview, we built “thematic trees” 

that would group all the themes found in the discourses of each subject in order to draft 

epistemological portraits picturing the subjects’ understanding of the NOS. For instance, 

this process enabled us to identify five main themes in John’s discourse: 1) scientific 

knowledge emerges from research; 2) the necessity of turning to the scientific method 

(understood a the art of performing “controls”); 3) “to know” what you are looking for as 

a state of mind in doing research; 4) the models in science: its definition and the 

controversies around that issue; and 5) the question of inviting science in public debate.  

From a broader perspective, a full picture of all of the five thematic trees (see Table 2) 

suggests that the researchers discussed five main topics: A) the researcher’s own 

personality influences his understanding of NOS – (topic discussed only by researcher 

Francis); B) the researcher’s human nature influences his understanding of NOS (topic 

discussed by researchers Charles and Andrew); C) The scientific method determines the 

scientific character of scientific knowledge (topic discussed by all researchers); D) 

science is a way of structuring and accumulating knowledge - or science as a particular 

“culture” (topic discussed only by researcher Michael); and finally, E) discussion about 

the relationship between science and society (topic discussed by all researchers).  

Table 1  

 

Main Features of our Research Protocol 

Action 

Steps 

Interview Transcription Analysis (Paillé & 

Mucchielli 2008) 

First 

interview 

1 Three 

questions 

  

Summary 

thematic 

analysis 

2 
 

Transcription  

3   Identification of 

statements (synthesis) 

Second 

interview 

4 Validation of 

the statements 

(Kvale, 1996) 

 

 

Analysis 5 
 

Transcription  

6   Modification of the 

statements 

7  
 

Thematic analysis  

8   Construction of 

thematic trees 
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Table 2  

Five Main Themes in the Researchers’ Discourse 

John* 

(C and E) 

Francis 

(A, C, E) 

Charles 

(B, C, E) 

Andrew 

(B, C, E) 

Michael 

(C, D, E) 

C. Scientific 

knowledge : 

emerging 

from 

research  

A. An 

understanding of 

science based on 

« who I am » 

B. 

Researcher : 

his 

personality  

B. Science as a 

“human 

enterprise”  

D. Building and 

complexity  

C. The 

necessity of 

the scientific 

method (“the 

art of 

performing 

“controls”) 

A. Biology: in 

between 

mechanics and 

poetry 

C. 

Confronting 

the 

unknown 

C. Scientific 

knowledge : it 

tells the truth 

D. A structure 

for building up 

knowledge  

C. “To 

know” what 

you are 

looking for  

C. Research : 

noble and useful 

C. How to 

survive in 

research  

C. A new way 

of doing 

science  

C. Method in 

science : allows 

for and 

requires 

communication 

C. Models : 

definition 

and 

controversies 

C. Method and 

model  

C. Two 

approaches 

to research  

C. Research 

and funding  

E. Sciences and 

public debates  

E. Inviting 

science in 

public 

debates 

C. Scientific 

publication  

E. Promoting 

research  

E. 

Contributions 

of sciences in 

public debates  

 

 E. Inviting 

science in public 

debates  

  C. It is no 

science : 

scientific fraud 

 

*Note: All researchers’ name has been changed for ethical considerations. 

  

RESULTS: CENTRALITY OF THE SCIENTIFIC METHOD 

Our analysis suggests that the researchers’ conception of NOS is generally worked out in 

relation to the theme of “scientific approach” or “scientific method”. While there is 

consensus over its importance, the subjects tended to hold widely diverging views of this 

research process. The various main themes discussed by the subjects provide evidence of 
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a range of interests and emphases. In their discourse, there were at least two ways of 

talking about the scientific method. First, they talk about the scientific method as being a 

“reference”: there is a formal definition of the scientific method and every researcher 

knows it, even though it is not that clear that this articulation has something to do with 

daily work. In the same way, we observed that this formal definition is not that univocal 

and uniform: they creatively take over this formal definition. This second way of 

articulating the scientific method seems to be a way to face our “human ignorance”, a 

mean that allows them to build coherent scientific knowledge.  

Science and society: two worlds?  

On of the main goals of our research was to “explore the ways researchers articulate the 

relationship between “science and society”. In order to do so, we rely on Weinstein 

(2008) analytical grid of the relationship between science and society. Our interpretation 

of their conception of the “science and society” relationship (following Weinstein, 2008) 

suggests that the researchers pictured this relationship more in terms of “professional 

ties” with society (i.e., a perception of science as “work” and as an “enterprise”). In his 

article, Weinstein (2008, p. 394) affirms that 

[w]hen sociology of science comes to education, […] it comes as 

curriculo-research programs. Visions of sociality in science, classroom 

practice, and research in education emerge together in these projects, and 

the location of the sociality of science in education is multiple if not 

contested. More specifically, science education has located the social in 

science in at least four different spheres. These spheres, in my mind, are 

cinematic moments: a camera framing on certain parts of the meanings of 

science, rendering some social aspects of science in the foreground, 

others in the background, and others off frame. With these framings 

come specific visions of proper science education.  

In the first, narrowest cinematic moment, we see science as investigation. Sociality in 

science is here located in everything that is related to lab work (team work, bench work, 

daily routines, etc.). Our results suggest that this is one of the most important aspects of 

sociality of science for our subjects, but the different themes discussed by researchers 

make only implicitly reference to team work, bench work, daily routine, etc.  

In the second cinematic moment, science is seen as work. From this perspective, sociality 

in science has to do with everything that is related to research as a job, as a profession 

(grant writing, conference, etc.) The third cinematic moment sees science as an 

enterprise. Here, sociality in science relates to profit, patents, politics, economy, interests, 

lobbying, legislations, funding, etc. Our results suggest that the discourse of our subjects 

can easily be associated with the second and third cinematic moment. For the researchers, 

it is easy to situate sociality of science at these levels. They recognize that all these 

aspects (grant writing, conferences, interests, funding, politic) have an important impact 

on their research. From this perspective, they understand their role as « protector » of 

science. The objective nature of scientific knowledge depends – to some extent – to their 

ability of protecting their research from these influences.  

Weinstein (2008) describes the fourth cinematic moment, saying:  
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Finally, the camera can be pulled back far enough that the multiple 

enterprises of science can be seen as embedded in larger cultural, 

political, and historic contexts. This is the view of science as culture; 

other publics are brought into the sociality of science: social movements 

around diseases, around religion, around environmentalism, around 

human objectification. 

Our results suggest that researchers are far less at ease with this understanding: there are 

few references to those publics: journalists and “uninitiated” are the only two groups that 

are directly mentioned. For researchers, it seems that the relationship between science 

and other “publics” is much more problematic and that both are probably not that so 

“miscible”.  

DISCUSSION  

In this brief discussion, we want to turn to three points: the centrality of the scientific 

method in the researchers’ discourses; the researchers’ perception of the relationship 

between science and society; and the necessity of questioning the value of scientific 

knowledge.  

Are they talking about method or action?  

Although it is a common place for scientists to build on the “scientific method” theme, 

we were interested by the fact that our subjects spoke of the scientific method in 

paradoxical ways, this method being at the same time a universal reference, a well 

defined notion mastered by all researchers, but also a notion difficult to articulate, open to 

being revisited and, overall, the best tool to “face the unknown”. It seems to us that 

researchers are not so much speaking about the method, but about their interest of 

pushing out the limits of our knowledge. Beyond the method, there seems to be the action 

and the desire to discover, to see “new ground”, to be the first to walk in “virgin ground”. 

If it seems to be a powerful drive for researchers, it seems also very difficult to translate 

and introduce in school contexts. One could even ask if it should be introduced there: 

impossible to miss the fact that it sounds like a form of colonialism. Is this an essential 

part of science?  

Boundaries: two worlds?  

Our analysis suggests that researchers abundantly mention social aspects of their work 

when it comes to focus on science as work and as enterprise: these aspects are 

specifically mentioned when the subjects are answering the last question which aims at 

developing their understanding of the relationship between science and society. 

Interestingly, the answers to this last question left aside elements that could translate a 

conception of the social aspect of science as investigation is as well as the social aspect of 

science as culture. However, in the first part of the interview, it is clear for us that 

researchers address the social aspects of science as investigation: all that is said about the 

centrality of the scientific method points in this direction. From our point of view, this 

overall picture leads us to reflect on the gap that seems to remain in the articulation of the 

relationship between science and society.  
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A possible interpretation could be that scientific research is also understood as a 

profession. It is the rule (or almost so) that researchers undisputedly manage their 

research and their laboratory. For researchers, science is a “passion”, but it is also a job, a 

profession. These two aspects seem to be fully integrated and are not in opposition. The 

notion of “researcher’s expertise” could be seen as an expression of this incorporation. In 

the same vain, the subjects easily articulate their role in terms of leaders of small 

enterprises and, even though there are some difficulties in assimilating science and 

“business”, they usually seem to find satisfying accommodations. Indeed, all of the 

subjects we have interviewed expressed concerns about this “new role”, but they also do 

not see research and business as being totally incompatible.  

However, the subjects express serious concerns about the possible links that could be 

made between science and other “cultures”, i.e. other social groups. Their discourses 

seem to express a malaise: the risk of misrepresenting science and to change its nature 

grows rapidly if one is 1) to consider science as a mere culture comparable to other 

cultures, or 2) to associate science with some specific social groups. Unlike the three 

others social aspects, there seems to be no incentive for researchers to develop a coherent 

understanding of the relationship between science and society as “culture”. On that 

particular point, many subjects articulate their role in terms of “protecting science from 

the outside”.  

From our perspective, this can be a real problem in science education. Insofar science 

education is assumed, at least in part, by researchers whose understanding of the 

relationship between science and society is – to say the least – limited, to what extent one 

could expect prospective science teachers to develop this very same attitude of 

“protecting science from the outside”? Should we expect, for instance, that sociocultural 

approaches in science education make sense for these future teachers? Do we have to 

understand this gap as an expression of incompatible conceptions?  

The inescapable epistemological question 

Our findings suggest that efforts to integrate a NOS component in science education 

cannot dispense with reflection on the scientific process and the impact of research 

processes on the “value” of scientific knowledge. In our view, there is no choice but to 

clarify the epistemological issues underlying all attempts to enrich and renew a NOS 

component in science education. Such issues include the difficulties that emerge when 

the integration of a NOS component is presented in terms of a mere list of 

decontextualized generalizations, or when one grapples with the importance of 

accounting for science “as it is actually done.” 

Since many years now, researches have shown that there is a need for bringing students 

and teachers to develop a more complex understanding of NOS. That was the thesis of 

Driver, Leach, Millar, and Scott (1996) who defended the idea that failing to explicitly 

introduce an NOS component into science education would lead students to come away 

with a naive conception of science and the entire scientific process. We share this view, 

believing that it is crucial to explicitly integrate an NOS component into scientific 

education so as to give students an understanding of the structures that organize science 

and scientific activity, but also to enable them to recognize both the rich potential and the 

limits of this means of producing knowledge. However, in our opinion, it is neither 
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necessary nor realistic to propose an exhaustive definition of NOS, void of nuances and 

distinctions, to be applied to all levels of science instruction. Our proposal is in line with 

the authentic science approach and with Weinstein (2008): we believe that it is necessary 

to enrich and update our “reservoir of representations” of NOS in order to guide the study 

and reflection of science students regarding this issue.  

As such, the debate on the unity or diversity of the conceptions of NOS appears to be a 

false debate. The avenues for reflection proposed by authors such as Matthews (2012) 

appear just as relevant and promising. Indeed, the pragmatic nature of the scientific 

method, that is, the fact that researchers judge the quality of a research process based on 

whether or not “it works” tends to suggest that researchers’ conceptions of NOS will be 

composed of several common defining elements, but also several distinct defining 

elements. It appears that some consensual definition of NOS may not adequately explain, 

for example, new approaches developed by researchers to “address the unknown.” Such a 

project of proposing a consensual definition of NOS could lead to a reification of the 

scientific enterprise.   

There are several ways in which an NOS component could be included in SE. This 

component could entail a reflection on scientific knowledge and scientific activity that 

does not aim so much to arrive at a formal and definitive definition of NOS, but rather 

poses the question to engage teachers and students in the process of describing science 

and opening new ways of understanding our world. In this sense, we suggest that efforts 

to define the NOS component in SE should be refocused on an ongoing reflection on the 

scientific enterprise and its diverse manifestations.  

CONCLUSION 

We are too well aware that our contribution is modest. On the one hand, it suggests some 

avenues to enrich and renew the school image of science. On the other hand, it suggests 

that documenting researcher’s understandings of the NOS in order to enrich and renew 

the school image of science could be fruitful. While the results of our study lead us to 

subscribe to the effort to disqualify a standard and stereotyped conception of science, 

they also bring out the importance of complexifying the conception of NOS taught to 

students, as future citizens, scientists and researchers. Like Weinstein (2008), we believe 

that the benefits of being introduced to “authentic” scientific procedures increase as 

students approach university level science instruction. From our perspective, and based 

on the work of scholars such as Wong and Hodson (2009, 2010), we believe that it is 

vital to keep up an ongoing dialogue with researchers in order to better understand their 

conceptions of NOS, as there is much to be learned straight “from the horse’s mouth.” 
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Abstract: The French science curriculum at the secondary school level has changed recently. 
The aim is not only to attract more students towards scientific careers but also to give all 
students the opportunity to encompass the scientific and cultural background that allows them 
to become responsible citizens. Science programs focus on scientific problem solving with 
methods and skills to be acquired and attitudes to be internalized. Emphasis is also put on 
knowledge about science and scientific activity. Our main issue is to analyze the 
representation of science conveyed by the French science curriculum, implicitly or explicitly, 
in order to help to define and elaborate innovative pedagogical proposals consistent with the 
current issues of science education. NoS is a construct elaborated for educational purposes 
and based on different disciplines ¬  History, Philosophy, Psychology, and Sociology of 
Science. Various categorizations of the features of scientific knowledge and process and 
referring to different approaches are encountered in science education research. We first 
demonstrate how we designed an analysis tool, a matrix, adopting a broad definition of NoS 
and choosing an approach which privileges the individual and his practice but takes also into 
account the social and temporal dimensions of the scientific enterprise. Then we show how 
we used this matrix in order to analyze the programs of two subject matters (biology-geology/ 
physics-chemistry), of two streams (scientific and literate) and of two school levels (grade 10 
and 11). Finally, we discuss the characteristics of this matrix compared to the various 
categorizations proposed in the NoS science education research field and advance some 
proposals about the programs in order to enhance the image of NoS among students. 

Key words: curriculum, nature of science, secondary teaching, physics-chemistry, biology-
geology. 

 

INTRODUCTION 
The French syllabuses at the secondary school level have changed recently. The underlying 
stake is not only to attract more students towards scientific careers but also to give all students 
a cultural and scientific background that allow them to become responsible citizens.  

As knowledge about science is considered to be a critical component of scientific literacy 
(Driver et al, 1996), we decided to identify which content is presented in the science 
syllabuses and which representation of science they convey. These are crucial questions since 
French education is centralized: the curricula are national and guide strongly the authors of 
textbooks and the teachers. 

This study about the science syllabuses led us to examine the choices made in the Nature of 
Science (NoS) research field. Indeed, the NoS construct, elaborated for educational purposes, 
refers to various disciplines of reference ¬ History, Philosophy, Psychology, and Sociology of 
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Science (HPPsyS), and to different approaches (Abd-El-Khalick, 2012; Aduriz-Bravo, 2004; 
Irzik & Nola, 2011; Lederman, 2007; Mc Comas, 1998; Matthews, 2012).  

We present here the research design elaborated and give some results about the NoS elements 
included in the French science syllabuses. We discuss the question of the discipline of 
reference in connection with the choices made when developing our NoS matrix and by the 
syllabuses.  

 

RESEARCH QUESTIONS 
We looked to answer several questions: 

- Which NoS elements are included in the science programs at the secondary school 
level? 

- Do these NoS elements depend on the school discipline, level, and major -scientific or 
literary? 

The same questions are raised about the representation (s) of science conveyed by these NoS 
elements and the reference (s) on which they are based. 

 

METHODOLOGY 
We analysed the syllabuses of two school subjects (Physics and Chemistry noted here PC;  
Biology and Geology noted here BG), from grades 10 to 12, and of two types of general 
teaching (scientific and literary).  

It has to be noticed that the syllabuses consist of two very different parts. The introduction 
part explains and justifies the missions of science teaching; the content part describes the 
contents to be taught (knowledge, abilities). 

It has also to be noted that the syllabuses consist of two types of discourse. One deals 
explicitly with science, the other focuses on the school subject. We coded all the sentences of 
the syllabuses by specifying whether the dimensions are considered explicitly as a 
characteristic of science(s) or implicitly as a characteristic of school science. Our main 
hypothesis is that implicit statements concerning school science convey information on the 
NoS. 

We used a mixed methodology which combines features associated with both qualitative and 
quantitative approaches and followed a dialectical process between the theoretical and the 
empirical.  

First, on the basis of an epistemological analysis, we designed a matrix 1 having nine 
dimensions (see table 2). 

Second, we identified the dimensions evoked by each sentence of the syllabuses of the grade 
10. The table 1 shows an example of how the sentences of the syllabuses were coded. Four 
researchers made several encodings in order to reach consensus. We then realise a 
quantitative analysis in counting the number of sentences in which a dimension appears. We 
finally calculate the percentages of phrases which consider a specific dimension on the total 
number of sentences of the syllabuses or of each part. 
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Table 1 

Extract of the encoding table 

  GRADE 10 PHYSICS- CHEMISTRY  

  Syllabus (BOEN n° 4 -29/04/10) 
Speech 
about 
science 

 Matrix 1 : selection of  9 aspects of 
sciences' practices 

  Example of syllabus ’ sentence 

E
xplicit 

Im
plicit 

A
im

s 

O
bjects 

R
esources 

P
roducts 

E
laboration

 

A
ttitudes 

C
om

m
unity 

S
ociety 

H
istory

 

18

 Unlike dogmatic thinking, science 
is not made of inviolable revealed 
truths, but of questions, research 
and responses which evolve and 
enrich over time. 

x  x 

 

 x x x   x 

 

Third, we categorized the NoS elements extracted at a finer grain in various sub-dimensions 
and categories, and obtained a matrix 2. This qualitative matrix retains only the categories 
identified in the syllabuses of the grade 10. Only an extract of this matrix 2 is presented in 
table 3 for reason of brevity.  

We follow the same procedure for the syllabuses of the grade 11 and 12. 

 

OUR NOS FRAMEWORK  
Even if there is a long tradition advocating the benefits of NoS understanding for students 
studying science, there still exist debates on the NoS construct itself. Considering that there is 
an acceptable level of generality on which there is little disagreement between experts and 
that the goal of NoS teaching at the grade 12 level is to provide students a general 
understanding, Lederman (2007) proposed a “consensus view” formulated in seven tenets. 
This view consists in choosing as teaching goals consensual features about science, 
formulating them according a general approach which characterises science, more precisely 
scientific knowledge. This approach is currently being discussed.  

Irzik & Nola (2011) defend “the family resemblance approach” in order to highlight 
specificities and similarities between disciplines. Their approach is mainly focused on the 
practices and pays little attention to the socio-cultural and temporal dimensions. Matthews 
(2012) recommends a change of terminology and of focus from the Lederman approach, 
which he describes as essentialist and based on epistemology, to a more contextual and 
heterogeneous approach, which he calls FoS (Features of Science). The list of features he 
suggests is open and based on the four disciplines of references.  

As in our previous research on the introduction of the history of science in science teaching 
(Maurines & Beaufils, 2012), we consider the four disciplines of reference when elaborating 
our theoretical framework. Indeed, we adopt the position defended by thinkers (Chalmers, 
1991; Pestre, 2006) who look to transcend the opposition between the advocates of an 
internalist and rationalist view of science and the advocates of an externalist and relativist 
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vision. Thus, we join the position supported in the NoS research field by Matthews (2012), 
and Mc Comas and Olson (1998) for which this is the only way to permit a rich description of 
this complex and multifaceted object that science is. Moreover, this is the only way to account 
of a potential multidisciplinary discourse on science and to elaborate a framework opening to 
a wide range of possible for further research (exploration of students’ image of science, 
design of innovative pedagogical units). 

The approach we choose in order to formulate the NoS characteristics privileges the 
individual and his practice but takes also into account the social, temporal and psychological 
dimensions of the scientific enterprise. Indeed, for us, knowledge is embedded in social 
practices conducted by human actors (scientist, engineer, technicians…), interacting in a 
scientific community and living in a given society. We confer to the theoretical framework of 
social practices advanced by Martinand (1986): “a social practice of reference can be defined 
as any social activity taken as a reference for school content. This social practice can be 
present-day, old, virtual, evolving or not. The point at stake in this theoretical framework is to 
characterize the practice in all their dimensions in order to inform pedagogical choices”. 
Different dimensions can be considered to objectivize the practice: the kind of projects, the 
equipment/ material, the knowledge implemented, produced, the attitudes expected, the 
actors, their relations, etc... 

The table 2 presents the nine dimensions we choose to retain in order to objectivize the 
scientific practices.  

Our position can be compared to the one adopted by Irzik and Nola (2011) since both 
privilege the individual and his practice. However, it differs from it since we base our NoS 
framework on four disciplines of reference (HPPsyS) and not only one (philosophy). If a 
heterogeneous approach of NoS is also the one recommended by Matthews (2012), our 
approach differs from his proposal of a FoS list by the fact that the dimensions we retain are 
articulated through the concept of social practices. 

Table 2 

The matrix 1 presented science as social practice 

 

Strand 6 Nature of science: History, philosophy and sociology of science

1101



THE NOS IN THE FRENCH SYLLABUSES: SOME RESULTS 

The quantitative  analysis based on the matrix 1 
For the two school subjects (BG and PC), the explicit speech about NoS is almost missing 
whereas the implicit one, the speech about the school subject, is the most frequent. It has to be 
noted that the NoS is presented as an explicit goal of teaching only in the BG syllabus. 

The figure 1 presents the evocation frequencies of the nine dimensions of the matrix 1 for 
grades 10 and 11. 

 
For the two school subjects, elaboration, products and objects are the dimensions the most 
evoked (figure1). In the PC syllabus, the representation of the different dimensions seems to 
be more balanced than in the BG syllabus.  

Concerning the grade 11, whereas all dimensions are present with an emphasis on elaboration 
in the PC syllabus for scientific students, the science syllabus for the literary students 
emphasizes the social and psychological dimensions (society, community and attitude). 

The  qualitative analysis and the design of the matrix 2 
The analysis of the units extracted from the grade 10 PC and BG syllabuses leads us to 
identify different sub-dimensions and categories, and to construct a second matrix The 
comparison reveals that if some categories are common to both syllabuses, others are specific 
to one syllabus. But even if the units extracted from the two syllabuses are classified in the 
same category, they sometimes show difference of meaning.  

For reason of brevity, we present only the sub-dimensions and categories derived for the 
dimension ‘elaboration’ (table 3). We invite readers to confer to Maurines et al (2012, 2013) 
for further details. 

The table 3 shows that four categories are common (in orange) and that five categories are 
specific to the BG syllabuses (in green). It is also important to notice that there are differences 
which correspond to different focuses inside the common categories. For example, in the case 
of the category ‘intellectual activities’ the BG syllabus mentions only the rational thinking 
whereas the PC syllabus mentions also the creative thinking. 

Elaboration

Figure 1 The NoS dimensions evocation frequencies in grades 10 and 11 syllabuses 
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Table 3 

The categories evoked by the grade 10 syllabuses in the dimension elaboration 

Matrix 1 Matrix 2 Grade 10 

Syllabuses 

NOS 
dimensions 

 Subdimensions  Categories PC BG 

elaboration 

 

General processes 

 

Which stages? Which key 
points? 

  

Constructivist perspective: 
Knowledge is constructed 
through scientific activity 

 

Different places to make 
science 

   

Types of activities Practical   

 Intellectual rational 
thinking 

creativity   

Rules  and methods 
about 

Argumentation     

Security     

Validity   

Security   

 

The representations of science conveyed by the grade 10 syllabuses 
The qualitative analysis for the grade 10 reveals differences which reflect different point of 
views about NoS between school subjects. The BG syllabus conveys a more rationalist and 
internalist vision of science whereas the PC gives more importance to the human and social 
dimensions of science. Moreover, the PC syllabus mentions some values of the scientific 
enterprise. Even if the idea of demarcation is present in the two syllabuses, it seems that the 
PC syllabus explicitly promotes science. 

 

CONCLUSION  
As far as references are considered, the choice of dimensions covering the social, 
psychological, epistemological, philosophical and historical aspects of sciences seems 
relevant. Indeed, the French syllabuses consider all of them even if some variations have been 
pointed out between school subjects, levels and high school diploma fields. 

The philosophical aspects (what are the characteristics of scientific knowledge? how is it 
produced?) are the most evoked. The BG syllabus refers to a conceptual history whereas the 
PC syllabus refers more to cultural aspects. In both cases, sociology and psychology are less 
considered.  Some differences can be noticed: 
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- concerning psychology, the BG syllabus emphasizes more rational aspects than the PC 
syllabus which also considers emotional aspects and creativity ; 

- concerning sociology, the BG syllabus focuses on the impact of science on society 
whereas the PC syllabus takes also into account the role of the community, and the 
impact of society on science and scientists. 

In both syllabuses, the two school subjects refer to science as a reduced social practice since a 
limited number of dimensions is emphasized. 

We are currently comparing the matrix 2 which includes the various categories present in all 
the high school science syllabuses to indicators proposed in the NoS and science studies 
literature in order to open a discussion about the reference choices, their consistency with the 
educational issues and with the content's choices according to the school subjects and levels. 
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Abstract: This study investigates the effectiveness of a teaching-learning sequence on mining 

to improve understanding of the nature of science (and technology), in this case focused on the 

aspects of the influence of a technology (mining) on society and vice versa, the influence of 

society on mining technologies. The research builds a brief teaching-learning sequence (TLS) 

on the subject of mining, which is based on the didactic structures provided by the 7E model to 

develop teaching on aspects concerning the mutual influences between mining and society. The 

investigation conforms to a standardized pre-post-test design, where the application of the TLS 

on mining is taught in-between the initial and final assessments and their differences serve as 

indicators of the teaching effectiveness of the TLS. The assessment tools are standardized 

paper and pencil instruments, which enable the transfer of all the materials to the classroom 

teaching and to research implementation as they allow cross-comparisons between different 

investigations. The results of improvement in this preliminary research are modest, since the 

observed gains in NOS understanding are low. However, the method and the standardized 

instruments allow identifying the areas with higher and lower improvements. The whole study 

offers a standardization of teaching and assessment materials about NOS issues so that they can 

be cross culturally applied to compare effects of different teaching sequences or compare 

different investigations that apply the same materials. 

Keywords: nature of science, teaching-learning sequence, mining, standardized assessment, 

understanding improvement. 

 

INTRODUCTION 

This paper addresses the improvement in the nature of science (NOS) understanding through 

teaching a specific issue to a group of science students enrolled in their first year of college. 

The research is a part of an international collaborative research project about teaching NOS 

issues (Vázquez, Manassero & Bennàssar, 2012). The objective of this research is to evaluate 

the students’ improvement in NOS understanding through a longitudinal pre-post-test 

experimental design which compares the improvement variation of some variables from 

standardized assessment tools due to the implementation of a teaching learning sequence (TLS) 

on the NOS issue under research (mining). The research builds a short TLS on mining, which is 

based on the didactic structures provided by the 7E model to develop teaching on aspects 

concerning the mutual influences between science-technology (mining) and society. The 

research uses a new standardized assessment instrument and methodology to investigate the 

effectiveness of teaching a specific NOS topic. The aim is bridging the gap between NOS 

research and NOS through the transfer from research to science teacher and classroom of 

research materials (simple TLS and standardized assessment tools) as they foster easy NOS 
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teaching and assessment applications, which allow accurate comparison among results of 

various investigations. 

This specific NOS issue focuses on the social implications of mining, which belongs to the 

general interactions of science and technology with society, an issue that some may label too as 

science-technology-society (STS) or socio-scientific issue (Lederman, 2008).   

The educational research to improve learning and teaching about NOS has focused in recent 

years on curriculum development and effectiveness in the classroom. Though both are complex 

issues, NOS research proposes two key conditions for effectiveness in the classroom (Abd-el-

Khalick & Akerson, 2009; Lederman, 2008): 

i) the explicit teaching of NOS content (intentional and clear educational planning of activities) 

and 

ii) the development of reflective activities on NOS (exploration, analysis, debate, discussion, 

conclusion, argumentation, decision-making, etc.).  

Deng and colleagues (2011) reviewed these studies and showed that 88% of explicit 

approaches reported statistically significant or recognizable improvements in NOS 

understanding, while only 47% of implicit approaches identified improvements. In addition, 

three studies compared implicit and explicit approaches, and all three showed favorable 

changes in the explicit approach, while no change arose from the implicit. Furthermore, the 

teaching strategies used in the studies, which were grouped into discussions of the content 

(45%), reflection (26%) and argument (16%), also matter: all studies using argumentation or 

reflection made gains, and so did most of the different types of debates; but studies lacking a 

reflective activity produced no changes. Thus, explicit approach and reflective activities seem 

necessary to effectively improve NOS understanding. 

Most of this research has been conducted in Anglo-Saxon contexts and science teachers in 

initial training. Research in Latin countries is especially scarce, in part due to late introduction 

of NOS in science curricula, so that this study is intended to fill in this lack of data (Khishfe, 

2008). This paper tests the effectiveness of a TLS on mining to teach a specific and simple 

socio-scientific issue (awareness of the mutual interaction of technology and society) through a 

longitudinal pre-post-test quasi-experimental design. Thus, the research question could be 

stated as: Is the TLS on mining effective to foster student learning about the mutual interaction 

between society and technology? 

 

METHOD 

The research follows a longitudinal pre-post-test quasi-experimental design, where the 

intervention (implementation of the TLS on mining) takes place between the two assessments. 

Students are blind to the experience and the teacher (second author) does not use in class the 

assessment items. 

Participants 

The participants are 15 students (9 men, 6 women) in the experimental group and 25 (10 men, 

15 women). The students were enrolled in the first year of the degree of chemical sciences 

college (18-19 years) in a Latin-American university. The selection of groups was conditioned 

by the teacher, though the control/experimental traits were randomly assigned to the available 

groups. 
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The control group characterizes the evolution of NOS understanding under the influence of the 

multiple contextual educational factors other than those present in the experimental treatment 

(TLS on mining). Thus, the aim of the comparison against the control group is to neutralize the 

influence of the multiple intervening educational factors. 

Instruments  

The research applies two standardized instruments: the TLS on mining ("The extraction of 

metals, folly or necessity?") - the educational intervention -, and the standardized evaluation 

tool - the pre-post-test assessment instrument -. The TLS on mining is the educational plan of a 

short lesson (about 6 hours), which presents explicit and reflective activities on the socio-

technical aspects of mining, embedded within the Chemistry contents on metals.  

Table 1  

Item stem of the nine multiple-choice items that compound the assessment tool.  

Item 

key 

Item Stem 

20211 Scientific research would be better off in our country if the research were more closely 

controlled by corporations (for example, companies in high-technology, 

communications, pharmaceuticals, forestry, mining, manufacturing). 

20511 The success of science and technology in our country depends on us having good 

scientists, engineers and technicians. Therefore, our country should require students to 

study more science in school. 

20521 The success of science and technology in our country depends on how much support 

the public gives to scientists, engineers and technicians. This support depends on high 

school students — the future public — learning how science and technology are used 

in our country. 

40142 When engineers come upon what might be a dangerous idea or product in their work, 

they actually do inform the public authorities, no matter if it means losing their job or 

being demoted. 

40311 We always have to make trade-offs (compromises) between the positive and negative 

effects of science and technology. 

40511 The more our country’s science and technology develop, the wealthier our country will 

become. 

40521 High-technology industries will provide most of the new jobs in the next twenty years. 

40531 More technology will improve the standard of living for Canadians. 

80211 Technological developments can be controlled by citizens. 

 

The evaluation tool assesses the students’ understanding on NOS socio-scientific issues related 

to TLS on mining. The tool applies nine multiple-choice paper and pencil items drawn from the 

Questionnaire of Views on Science, Technology, Society pool (Spanish acronym COCTS), 

which is the Spanish version of the VOSTS pool (Aikenhead & Ryan, 1992; Vázquez, 

Manassero & Acevedo, 2006). The nine assessment items, which involve 59 sentences, pose 

the socio-scientific issues listed in table 1 and an item example in table 2. 
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Procedure 

The general procedure follows a longitudinal pre-post-test quasi-experimental design, where 

the intervention (teaching the TLS on mining) takes place amid the two assessments moments, 

which are separated 3 months, in order the object of assessment be significant learning, instead 

of root memory, recency effects or desirability biases.  

The assessment procedure, which is the core of the data displayed in this study, is the 

consequence of a long development process of a multiple response model (MRM) for the 

multiple-choice items of the COCTS pool. The MRM ask the respondent to rate all item 

statements along a 9-point Likert scale, so that MRM maximizes the information contained 

within each item (Vázquez & Manassero, 1999). This process involved the scaling of item 

statements into one of three categories (Appropriate _A_, Plausible _P_, or Naïve/Ingenuous 

_I_) by a panel of expert judges according to the modern proposals of history, philosophy and 

sociology of S&T; the metric that transforms direct Likert score into an invariant (independent 

of the original sentence), standardized (comparable among sentences and items), normalized 

(its value stand in the interval [-1, +1]) index for each statement.  

Table 2  

Whole text of the assessment item 20211.  

20211 Scientific research would be better off in our country if the research were more closely 

controlled by corporations (for example, companies in high-technology, communications, 

pharmaceuticals, forestry, mining, manufacturing). 

Corporations should mainly control science:  

A. because closer control by corporations would make science more useful and cause 

discoveries to be made more quickly through faster communication, better funding, and 

more competition.  

B. in order to improve the cooperation between science and technology, and thus solve 

problems together.  

C.  but the public or government agencies should have a say in what science tries to achieve.  

Corporations should not control science:  

D. because if corporations did, scientific discoveries would be restricted to those discoveries 

that benefit the corporation (for example, making a profit). important scientific 

discoveries that benefit the public are made by unrestricted pure science.  

E. because if corporations did, corporations would obstruct scientists from investigating 

important problems which the companies wanted kept quiet; for example, pollution by the 

corporation.  

F. because the important and transcendent scientific discoveries, which benefit citizens, 

require doing science without limitations. 

G. Science cannot be controlled by corporations. No one, not even the scientist, can control 

what science will discover.  

The index represents the degree of match between the respondent’s belief and the experts’ 

current NOS conceptions. Further, the statement indices are used for computations: a global 

item index as the average of the item sentence indices, correlational and inferential statistics for 

hypothesis testing, group comparison for deciding tests, or cut-off points for setting up 
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achievement levels, individual profiles (further details in Bennàssar, Vázquez, Manassero & 

Garcia-Carmona, 2010; Vázquez et al. 2006). 

The efficacy of the TLS about mining on students’ NOS understanding is evaluated by 

comparing pre-test / post-test indices earned by experimental and control students. To this aim, 

the effect size statistics (differences measured in standard deviation units) is applied to 

recognize improvements and gains. 

 

RESULTS 

Given the spaced available, the results present the analysis of students’ responses to the nine 

standardized assessment items, and some pre-post-test and experimental/control comparisons, 

through effect size statistics, as stated previously. First, the analysis present the comparisons of 

the differences between post and pre-tests for the experimental; second, the differences 

between the control and the experimental group are analyzed. The variables involved in this 

analysis are the nine item average indices and the 59 sentence indices.  

Analysis of gains for the experimental group (post-pre-test comparisons) 

The differences between post and pre-test mean indices of items and sentences for the 

experimental group are analyzed using the effect size statistics (positive means gain, negative 

means decline) to answer the question: How much learning gains has the experimental group 

got? 

Overall, the sum of the mean effect sizes along the nine items indices shows a global positive 

value (+.539), which represents a positive tendency to improvement of the experimental group. 

The analysis of each post and pre-test mean item index and the effect size of the differences 

(figure 1) shows that the greatest improvements though modest, occur in three issues (20511, 

40142, 40311), two items show a similar worsening (20211, 40521) and the other four 

differences are irrelevant. The differences are not statistically significant in any case (U test of 

Mann -Whitney). 

 

Figure 1. Item mean indices on pre-test, post-test and effect size of the differences (hyphen/dot 

line) for the experimental group.  
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Performing the same comparison (post and pre-test mean indices for the experimental group) 

along the 59 statements (Figure 2), the results show that only four sentences produced 

statistically significant differences post-pre-test (Mann-Whitney U-test). Two sentences show 

positive differences (improvement), while the other two display negative differences (table 3). 

 The four sentences have different profile to attain their high differences. On the one hand, the 

two first sentences attain their big positive change starting from a pre-test low negative mean 

index that become moderately positive at post-test. The reverse is true for the sentence 40311C, 

which evolves from positive to moderately negative. The last sentence (40511B) corresponds to 

the highest mean index sentence at pre-test, which decreased at post-test, though it remains still 

positive. This profile of lowering the strong NOS beliefs repeats for many of the sentences that 

attain the highest profile at pretest (i. e. four out of five sentences, whose pre-test mean indices 

were over.50, decreased their indices at post-test).  

However, the number of sentences with the highest indices in post-test (25%) increases in 

relation to pre-test (21%); on the other hand, the number of sentences with the lowest indices in 

post-test (13%) decreases in front of pre-test situation (18%). Thus, the analysis of strengths 

and weaknesses also shows a trend to improve for the experimental group. 

 

 

Figure 2. Effect size of the differences between post-test and pre-test item mean indices of the 

experimental group (a positive difference means improvement, as the post-index is higher than 

the pre-index). 

Summing up, the effect size of the differences post pre-test for the experimental group show a 

consistent though modest improvement trend. The magnitude of gains is not significant (the 

greatest improvements appear on three items, while two items exhibit a declining). The 

improvement trend along the 59 sentences is much clearer (data not displayed here), as the 

number of strength sentences (sentences whose understanding is the highest) increases (+4%) 

and the number of weak sentences (sentences exhibiting the lowest understanding) decreases (-

3%).  
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P20211A_I_C Companies and research 

P20211C_P_C Companies and research 
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P20511B_P_ Influence of education Students 

P20511D_P_C Influence of education Students 

P20511F_I_C Influence of education Students 

P20511H_I_C Influence of education Students 

P20521B_P_ Influence of Education Learning 

P20521D_P_C Influence of Education Learning 

P40142A_I_C Social responsibility information to authorities 

P40142C_P_C Social responsibility information to authorities 

P40142E_P_ Social responsibility information to authorities 

P40142G_P_ Social responsibility information to authorities 

P40311B_A_ Positive and negative balance 

P40311D_P_ Positive and negative balance 

P40311F_I_ Positive and negative balance 

P40311H_I_C Positive and negative balance 

P40511B_A_ Welfare Promotion Wealth 

P40511D_A_C Welfare Promotion Wealth 

P40521A_I_ Welfare Promotion Labour 

P40521C_I_ Welfare Promotion Labour 

P40521E_P_ Welfare Promotion Labour 

P40531A_I_C Welfare Promotion Quality of Life 

P40531C_I_ Welfare Promotion Quality of Life 

P40531E_A_C Welfare Promotion Quality of Life 

P80211A_I_C Control technology 

P80211C_P_ Control technology 

P80211E_P_ Control technology 

P80211G_A_ Control technology 

Strand 6 Nature of science: History, philosophy and sociology of science

1110



Analysis of gains:  comparisons between experimental and control groups  

Comparing the differences in improvement between the control group and the experimental 

group is another effective approach to assess the efficacy of the TLS to improve understanding. 

Although both groups are equivalent (for the control of potential intervening variables, shared 

in both groups but not explicit), their initial starting points (pre-test position) at NOS 

understanding might not be equal, if only for the mere sampling fluctuation. Thus, the 

comparison between both groups points out the contextual value of gains within the educational 

environment where the teaching took place. Two different questions are put here to elucidate 

these gains: How much and where does the experimental group improve with respect to control 

group?; In the end (post), How good is the NOS understanding of the experimental group with 

respect to control group? 

Table 3  

Item sentences that attain statistically significance and effect size of the differences between 

post-pre-test for the experimental group (positive differences mean better index at post-test).  

Sentence key 
Post-pre-test 

Effect size 
Text of the sentence 

P20511A_P_ Influence 

of education Students 

+ 1.065 Students should be required to study more science:   

A. because it is important for helping our country  to keep up with 

other countries. 

P40142E_P_ Social 

responsibility 

information authorities 

+ 1.112 E. Engineers do not tell the authorities because engineers want to keep 

their jobs and make money, even if the public is in danger. 

P40311C_P_ Positive 

and negative balance 

-0.803 C. because things that benefit some people will be negative for 

someone else. This depends on a person s viewpoint. 

P40511B_A_ Welfare 

Promotion Wealth 

-0.838 B. because more science and technology would make our country less 

dependent on other countries. We could produce things for ourselves. 

 

The following paragraphs try to display data that provide some answers to both research 

questions.  

 

How much and where does the experimental group improve with respect to 

control group? 

This question refers to the deviation of the experimental group from the control group that 

could be attributed to the effects of the TLS on mining. The pair of charts in figure 3 represent 

the positions of both groups for the nine items in the pre and post-test situations; each line 

embody the evolution for one item and one group between pre and post-test positions. The 

figure 3 displays the different starting and final points of both groups across the issues. 
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Figure 3. Average indices of the nine items for the experimental (solid lines) and control (dot 

lines) groups before (pre-test) and after (post-test) the application of the TLS on mining. 

The criterion to determine the group that achieves the best gain on each item, between the pair 

of lines for the two groups, is the highest slope (more positive) of the straight line. When the 

two lines are nearly parallel, the difference between groups is irrelevant (regardless of their 

starting points); otherwise, the line with the highest slope determine the group with the best 

gain. According to this criterion, the observation of the lines in figure 3 shows five issues 

(20511, 40142, 40311, 40511, 80211) where the greater improvement corresponds to the 

experimental group, two issues (20521, 40531) show a similar gain for both groups and the 

control group show greater improvement in the two remaining issues (20211, 40521). 

The effect size of the differences between pre -test and post -test in each issue quantifies the 

magnitude of change. The improvement achieved by the experimental group in most of the 

issues (5) is better than control group (only better than experimental in 2 groups), so that the 

balance of this comparison analysis is clearly favorable for the experimental group. 
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In the end (post-test), How good is the NOS understanding of the experimental 

group in relation to control group? 

The results achieved at the end of the learning process (post-test mean scores) represent a kind 

of final achievement on NOS understanding. The present analysis compares the experimental 

and the control groups, comparing their final achievement across the post mean indices of the 

nine items. The figure 4 shows the effect size of the differences on the item mean index 

between the experimental group and the control group (positive sizes indicate better mean in 

the experimental group). Overall, the chart shows that the experimental group obtains better 

average indices than control group on all issues except one (20511); further, the effect size of 

the differences is relevant (d >.30) in six issues. Thus, the experimental group achieves better 

NOS understanding than the control group in almost all of the issues at the final stage of the 

experience. 

Further, the previous comparison analysis between the experimental group and the control 

group is replicated along the post-test average indices of the 59 item sentences (figure 5). The 

experimental group obtains better post-test mean scores than the control group in most of the 

sentences (68%), which exhibit positive effect size. Moreover, the experimental group displays 

relevant differences (d >.30) in 41% of sentences (relative strengths of the TLS on mining), 

while the reverse situation (control group relevant differences – d < -.30 -) happens only for 

10% sentences, which point out the relative weaknesses of TLS on mining.  

 

 

Figure 4. Effect size of the differences between the experimental and control group across the 

post-test mean item indices (positive size indicates better index for the experimental group). 

The former quantitative assessment translates into formative assessment through the qualitative 

identification of specific strengths and weaknesses of the explicit and reflective teaching on 

mining. For brevity, just the weaknesses are showed below, which correspond to the following 

sentences (sorted by decreasing difference to experimental group):  

P20211F_P_ Companies and research ([Corporations should not control science: …] …because 

the important and transcendent scientific discoveries, which benefit citizens, require doing 

science without limitations). 

P40531E_A_C Welfare Promotion Quality of Life ([40531 More technology will improve the 

standard of living in our country]…Yes and no. More technology would make life easier, 
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healthier and more efficient. BUT more technology would cause more pollution, 

unemployment and other problems. The standard of living may improve, but the quality of life 

may not). 

P20511C_A_C Influence of education Students ([Students should be required to study more 

science:] …because it is important for helping our country to keep up with other countries). 

 P20211G_P_ Companies and research ([Corporations should not control science:] …Science 

cannot be controlled by corporations. No one, not even the scientist, can control what science 

will discover). 

P20511E_I_C Influence of education Students ([Students should NOT be required to study 

more science:…] …because it won’t work. Some people don’t like science. If you force them 

to study it, it will be a waste of time and will turn people away from science). 

P40311C_P_ Positive and negative balance ([We always have to make trade-offs 

(compromises) between the positive and negative effects of science and technology] …because 

things that benefit some people will be negative for someone else. This depends on a person’s 

viewpoint). 

 

Figure 5. Effect size of the differences between experimental and control group for the post-

test mean indices of the sentences (a positive difference means improvement, experimental 

group index higher than control). 

Summing up, these results show that the experimental group achieves a significantly better 

NOS understanding than the control group along the sentence indices, at the end of the 

experience. Thus, the result about the final achievement along the sentences is still more clearly 

favorable to the improvement achieved by the experimental group.  
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CONCLUSIONS 

This study analyzes the effectiveness of TLS on mining to improve NOS understanding about a 

socio-scientific aspect: the mutual interaction between society and S&T (mining). The 

effectiveness of the TLS to teach NOS understanding is evaluated by comparing the average 

rates on 59 sentences, grouped in nine evaluation items, between groups (experimental and 

control) and between pre-test and post-test respect to the implementation of the TLS.  

The students’ NOS understanding shows some relevant and some modest improvements. 

Overall, the experimental group improved more than the control group, as it displays better 

mean indices than the control group on all issues but one, as well as significant and relevant 

differences (d >.30) in six items, and more modestly did so between pre-test and post-test 

(improvement on five items, three significant). Besides, the differences over the control group 

are significant and relevant (d > .30) in 41% sentences (strengths), while the reverse only 

happens in seven sentences (weaknesses). These results show that the experimental group, at 

the end, achieves significantly better NOS understanding than that the control group.  

The assessment identifies some strengths (social responsibility reporting to authorities, balance 

between positive and negative effects of S&T, wealth and welfare promotion, labour and 

welfare promotion, quality of life, and control of technology) as well as some weaknesses 

(companies and research and the influence of education to recruit science students). The 

detailed analysis of the sentence indices deepens the formative assessment to improve 

understanding and teaching NOS: a detailed profile for each student and group shows specific 

strengths, weaknesses, opportunities and challenges for teacher self-reflection about NOS 

teaching and learning. However, some details of the decreasing profile exhibited in the 

experimental group for sentences with high indices may trigger interesting discussion that 

reflective activities lower the students’ confidence on their adequate NOS ideas as by product 

of criticisms during teaching; as a balance, teaching should also reinforce informed NOS ideas. 

All in all, the significant improvement, tough modest in some aspects, replicates similar effects 

of teaching NOS reported in other studies (Acevedo, 2009; Deng, 2011; Rudge & Howe, 

2010). 

The various contributions of this study to research on NOS teaching and learning are 

summarized. It provides a different approach to teaching NOS: the focus on a specific and 

simple NOS aspect (here the socio-technical role of mining), rather than broader or several 

issues at once, and the design of specific standardized assessment instrument for each specific 

chosen aspect (the latter helps the former). The specificity facilitates the linking of NOS issue 

to classroom science curriculum contents (in this case, metal chemistry), learning objectives 

and students’ ideas, and avoids demanding or superfluous NOS details (Ryder & Leach, 2009; 

Taber, 2008). The specificity reduces the innate NOS complexity and increases the possibility 

of using in many educational contexts, which in turn has positive effects on student motivation 

and teachers’ confidence to teach NOS without special preparation (Niaz, 2009). 

Another contribution is the standardized assessment instrument which allows progress in NOS 

teaching and research. The instrument is standardized (does not require specialized knowledge 

to implement and interpret results), flexible (customizable and adapted to different contexts and 

needs) and productive (offers easy data and individualized profiles), overcomes the traditional 

reluctance of teachers to teach NOS, as it removes the lack-of-tool obstacle, and provides 

confidence and ease to assess NOS (Abd-El-Khalick and Lederman 2000; Rudge & Howe, 

2010).  

As most NOS research builds on qualitative instruments and methods (open-ended, assessment, 

students’ productions), their incommensurability restricts the progress in the area (Khishfe, 
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2008). The assessment through a standardized tool may also enlarge growth in NOS research, 

as it allows easy comparisons among research studies and accurate replications to test teaching 

treatments that clarify strengths, weaknesses, significant changes, personal progress profiles, 

transition or stagnation, etc. (Abi‐El‐Mona & Abd‐El‐Khalick, 2011; Khishfe, 2008). 

Due to space constraints this study just shows the quantitative data and qualitative analysis 

drawn from the standardized instrument. Of course, additional tools can and must be used to 

asses NOS understanding, as the natural complement of standardized tools (students’ 

productions, essays, debates, findings, interviews, open questionnaires, reports, argumentation, 

etc.) developed within TLS activities (Abd -El- Khalick and Lederman, 2000).  

Further research about the effectiveness of the tools presented here (new cases or new needs) is 

required to confirm findings and foster better NOS teaching. Transferability of the materials 

(TLS and assessment tool) to teachers fosters teacher training to develop NOS teaching, 

replications, pedagogical content knowledge and authentic-formative assessment (Abd-El-

Khalick & Akerson, 2009; Hanuscin, Lee & Akerson, 2011). 

 

NOTES 

Authors’ note. Research Project EDU2010-16553 funded by the National R + D + i of the 

Ministry of Science and Innovation (Spain). 
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INTRODUCTION 

 

Strand 7 places an emphasis on argumentation in scientific and socio-scientific contexts, 

and on discourse. Argumentation is part of the practice of science for evaluating, refining 

and establishing new theories and is considered a core element of the scientific enterprise. 

The importance of argumentation in science education has been documented in number 

of studies (Cavagnetto, Hand, & Norton Meier, 2010; Jiménez-Aleixandre & Erduran, 

2008; Newton, Driver, & Osborne, 1999; Kuhn, Wang, & Li, 2011), and recent 

educational reforms have called for a science education that places an emphasis on 

teaching science as argument (NRC, 2012) and as being one of the major competences in 

science (European Commission 2011). Discourse is also considered as a core element of 

science education, one in which the scientists routinely engage in. Furthermore, a number 

of researchers are using discourse as their methodological tool to approach their data, 

something that was evident in the submissions in Strand 7.  Argumentation and discourse 

have been the emphasis of a number of studies in the field of science education during the 

last decades, but regardless of the vast amount of studies in both research areas, a lot of 

questions still remain unanswered in our field.  

During the ESERA 2013 conference in Nicosia 27 papers, 12 posters and 3 symposia 

were presented under Strand 7, including studies from across the world using different 

contexts and methodologies to approach their issues under study. This book includes 14 

papers, representative of the array of different approaches that were presented during the 

conference. The 14 papers include studies from Austria, Argentina, Brazil, Cyprus, 

Germany, Greece, Japan, Spain Turkey, UK and USA.  

The studies presented in the e-proceedings include different methodological approaches 

(e.g. grounded theory, case studies, questionnaires, experimental design, discourse 

analysis, analyses of visual representations), and place an emphasis either on scientific 

argumentation, socio-scientific argumentation, discourse, dialogic teaching or learning 

progressions. The studies also focus on a number of different educational levels, from 

elementary school students, to secondary and upper secondary school students, to in-

service and university teachers. What is also interesting is that the studies in this strand 

employ different teaching approaches, ranging from role play to concept cartoons and 

using on-line learning environments.  

The findings in the studies presented here are considered of great importance to the 

science education community since they provide evidence on how argumentation and 

discourse are implemented across the world, and provide findings that can help us move 

the field of science education forward. 

 

 

Maria Evagorou and Kalypso Iordanou 
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THE EVALUATION OF ROLE PLAYING IN THE CONTEXT 

OF TEACHING CLIMATE CHANGE 

 

Nadja Belova, Timo Feierabend and Ingo Eilks
 

University of Bremen 

 
Abstract: This paper presents a Grounded Theory study to evaluating students’ performance 

within role plays. Data comes from videotapes of four different role playing scenarios on 

climate change from the domains of Biology, Chemistry, Physics, and Politics education (five 

learning groups per subject). The evaluation pattern developed combines three dimensions: 

the origin of the arguments, the quality of the arguments with respect to its complexity, and 

the references made between different arguments. A method for graphic representations of the 

role plays was also developed. The representations allow for quick overview and the 

identification of four basic types of role playing. Implications for the use of role playing in 

science education are derived. 

Keywords: argumentation, discourse, climate change education, decision making, role-play, 

socio-scientific issues 

 

INTRODUCTION 

The background of this study is a curriculum development and implementation project called 

“The Climate Change before the Court” (Feierabend & Eilks, 2011). In this project, climate 

change lesson plans for junior high school classes were cyclically developed by Participatory 

Action Research (Eilks & Ralle, 2002) in parallel for Biology, Chemistry, Physics and 

Politics education. Even though role playing and open discussions are often used in school 

education in the Social Science school subjects, their application in science education is still 

rare (Patronis, Potari & Spiliotopoulou, 1999; McSharry & Jones, 2000). That was the reason 

to incorporate role playing in all the different lesson plans. In each of the four subjects, 

different scenarios for the role play exercises were developed and the lesson plans were 

designed to be carried out in different grade levels ranging from grade 9 to 11 (age range 15-

17). Within the main phase of testing the lesson plans the role playing exercises were 

videotaped in 20 different learning groups (five per subject). This paper describes a 

systematic analysis of the students’ performance within the role plays.  

 

THEORETICAL FRAMEWORK AND RESEARCH QUESTIONS 

In school, role playing still occurs most commonly in the humanities and social science 

subjects, i.e. History, Literature, Politics and Sociology (van Ments, 1999). Nevertheless, 

teaching guides on student-active methods point out advantages of using role playing also in 

science education (Eilks, Prins & Lazarowitz, 2013). However, there is currently no evidence 

for the frequency of the application of role playing exercises in science classrooms. In the 

literature, several contributions which deal with the use of role playing in the science 

classroom can be found (McSharry & Jones, 2000; Øedegaard, 2003; Marks, Bertram & 

Eilks, 2008; Marks & Eilks, 2010). However, they merely provide impulses for a more 

student-centered approach to science with the help of role play with limited research on 

performance occurring during the role playing exercises. Only very few studies so far 

researched the effects of role palying. Duveen and Solomon (1994) used an exercise based on 
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Darwin’s “The Origin of Species”. They found that students remember the main theses from 

the exercise strongly even months after the implementation. Simmonneaux (2001) researched 

students’ argumentation and decision-making processes in role playing based on the topic of 

animal transgenesis. She defined a number of fields of references from which students’ 

arguments emerged, such as economics, ecology, genetics, medicine and ethics. However, she 

also pointed out that there are currently no well-defined criteria for evaluating the quality of 

students’ argumentation in such exercises.  

Apart from role playing, there exists a large amount of research on students’ skills in 

argumentation and decision-making. For instance, Patronis et al. (1999) distinguished 

between students’ arguments with respect to their role in the course of discussion. In their 

analysis of interviews, classroom situations and discussions on a socio-scientific issue, 

Patronis et al. made distinctions between how arguments are referred back to earlier 

statements. They also divided their data into arguments of defense or attack, dependent on a 

previous statement. Another finding was that it is easier for students to name arguments when 

they know about familiar situations, e.g. those stemming from their personal lifeworld. Also 

Fleming (1986) or Simmoneaux (2002) found that most students tend to prefer arguments 

stemming from their social world when arguing about socio-scientific issues. The arguments 

are mainly qualitative in nature, limited complex, opinion-based and lack connections to 

quantities and calculations. Scientific evidence is rarely used by students in their 

argumentation and most of the arguments stem from other domains (Solomon, 1992; Mitchell, 

1996; Tytler, Duggan & Gott, 2001; Yang & Anderson, 2003; Kolstø, 2006).  

As it is for argumentation in general, it seems to be clear that analyzing argumentation in role 

playing in particular is much more complex than simply coding and counting single 

arguments. Characterizing argumentation also demands the analysis of chains of arguments, 

including their complexity and interrelatedness to one another, the source of information, and 

the role within debate (Simon, 2008; Nielsen, 2012). Unfortunately, no common method for 

such kind of an analysis exists so far.  

This paper presents the development of a method to analyze role plays. The development is 

done along data gained from the project “The Climate Change before the Court”. This paper 

tries to present a systematic analysis of students’ performance within role plays. The study 

aims answering the following research questions:  

 Which level of argumentation skills and societally-oriented decision-making 

capabilities are evident in pupil role playing exercises on climate change around the 

end of lower secondary science education (age 15-17)?  

 Can different types of role playing be identified with respect to their overall quality in 

promoting effective debates and consensus building processes?  

 

DATA BACKGROUND AND SAMPLE 

The project “The Climate Change before the Court” (Feierabend & Eilks, 2011) developed 

lesson plans for Biology, Chemistry, Physics and Politics education by Participatory Action 

Research (Eilks & Ralle, 2002). The four different lesson plans focused on domain-specific 

scenarios to teach climate change. Each lesson plan lasted between 8-10 hours of content 

learning and ended up with a role playing exercise in the last 2-3 classroom periods. The role 

playing followed different scenarios, but were also organized with slight differences in the 

character of the roles. In Biology, the students had individual roles borrowed from their 

everyday life environments. In Chemistry, Physics and Politics, roles were assigned according 

to societal stakeholder groups, such as the automobile industry or Greenpeace activists. All 

the exercises assigned individual roles through so-called “role cards”. The students received 
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crib sheets to help them prepare for their roles. However, the structure and length of the texts 

differed significantly. In Chemistry, only 2-3 sentences and a few links to Internet sources 

were provided. In Biology and Physics, a text of about one page in length was given, whereas 

in Politics the students received 3-5 pages of pre-structured information.  

During the main phase of testing the lesson plans, the units were implemented in 20 different 

learning groups (five in each of the four subjects). Lessons took place in grade 9-11 learning 

groups (age range 15-17) coming from different middle, comprehensive and grammar 

schools. Structural aspects had an effect on the length of the role playing. Some of the role 

plays were very structured and thus lasted only 20-30 minutes; more open ones were often 

longer and lasted up to 90 minutes. Altogether, 20 role playing exercises were conducted 

within this study with a total length of nearly 14 hours for the data collected. Each role play 

was videotaped and later transcribed. 

METHOD 

This study applies Grounded Theory (GT) in the understanding of Strauss and Corbin (1990). 

GT according to Strauss and Corbin aims to discover as many data codes as possible at the 

beginning and then formulate categories out of them (open coding), before relating these 

categories to one another (axial coding) and finally creating frame core categories (selective 

coding). The core categories are assumed to explain the essential characteristics of the data. 

After these different steps of coding, three main categories emerged: 

I) Domain: Where do the arguments used by the students come from (science/ 

everyday life/society/politics)? 

II) Level of argument: How complex are the arguments? 

III) Reference: Do the students make references to each others’ statements? Does a 

conversation arise? 

Along the data, each of the core categories was expanded into dimensions representing the 

different aspects or levels within them. “Domain”, suggests that the students apply arguments 

from different sources such as everyday life, science, etc. Three sub-categories arose from the 

data: D0 miscellaneous with unclear origin, D1 everyday life/society/politics, and D2 science 

similar to the differentiation suggested by Kolstø (2006). 

The category “Level” suggests a spectrum of complexity of the arguments which reaches 

from simply repeating a particular claim all the way up to constructing arguments composed 

of different claims with accompanying justifications and/or reflective elements. This category 

was expanded into a 6-step dimension paralleling the pattern suggested by Feierabend, 

Stuckey, Nienaber and Eilks (2012). Table 1 explains and illustrates the different sub-

categories (L0 to L5) that were found.  

The category “Reference” shows whether pupils’ arguments refer back to comments made by 

a prior speaker or earlier statements which had been made (see also Patronis et al., 1999). This 

category acknowledges different types of references which appear during role playing. 

Sometimes students referred to each other in a purely communicative fashion, for example 

using indicator sentences like “As the Greenpeace group has already mentioned…” as a 

reference point. In other cases, a reference referred to the content, but had no preceding 

communicative phrase. Four different sub-categories were found, ranging from R0 (no 

reference), via R1 for a communicative reference only and R2 for a contextual reference only 

to R3 (a communicative and contextual reference was made). Additional signs were added for 

references made to earlier statements, starting a completely new line of argument, or for 

breaks in the discussion. 

After development of the categories, all of the material was then rated according the three 

categories. Coding of the whole data was carried out by two independent coders. The 
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agreement rate was more than 80% agreement. The few cases of disagreement were 

negotiated by searching for inter-subjective agreement (Swanborn, 1996). The developed 

categories showed a good saturation to represent the data. 

In the end, the decision was made to present each coded unit as a rectangle divided into three 

parts, one for each category (Figure 1). The example in Figure 1 shows a statement which 

refers to another one in a contextual and communicative way (R3), one which originated in 

everyday life/society/politics (D1) and one that is relevant but without justification (L1). 

Table 1 

Category “Level”  

Symbol Level Description Example 

L0 Not related Students provide arguments which 

do not have a connection to the 

topic. 

“Food turns into food for my 

wonderful pigs.” 

L1 One 

argument 

Students provide one relevant 

argument but do not provide any 

justification for it. 

“The African people don’t 

benefit from it; it’s only good for 

Europe and America.” 

L2 Two 

arguments 

Students provide two or more 

relevant arguments without logical 

relation or sound justification. 

“Students are left to themselves. 

And they lack nutrients.” 

 

L3 One or two 

arguments, 

one 

justification 

Students provide one relevant 

argument with well-founded 

justification. Or they give two or 

more arguments with at least one 

justification. 

“Yes, but that's just one car and 

the parents drive anyway, they 

need to go to work anyway.” 

 

 

L4 Two and 

more 

connected 

arguments 

with 

justification 

Students provide two or more 

relevant arguments connected in a 

logical chain, justified by facts 

and/or personal experience. 

“We must also think of the jobs, 

because we have a lot of revenue 

through trade. You have to make 

people realize that the price rises 

because it is harmful to the 

environment.” 

L5 One and 

more 

connected 

arguments 

with 

justification 

and 

reflection 

Students provide one or more 

relevant arguments, provide 

justifications for them and draw 

sound conclusions from their 

argument's interconnectedness. 

“If fewer cars are purchased, the 

economy has less money. But 

people between 18 and 21 have 

not much income and cannot 

afford the best sports cars. So 

the income of the economy is 

not particularly high. 

Consequently, 21 year olds have 

more money and can afford 

better cars straight away. So 

your argument is invalid.” 

 

 

 

 

 

 

Figure 1. Basic module of a flowchart 

 

Strand 7 Discourse and argumentation in science education

1124



Presenting all of the role playing units as a sequence of rectangles provided a very condensed 

course of the exercises as a whole. Connecting the different rectangles with arrows showing 

the statements’ references and including notions for statements made by the moderator(s) or 

the teachers resulted in flowcharts emerging. Other symbols, for the use of role cards or for 

scientifically incorrect arguments were used, too. Figure 2 shows an excerpt of such a 

flowchart. The “corollary-arrow” shows that a statement directly results from another one, 

thus it is an immediate reaction. Normal arrows illustrate references back to earlier 

statements. The arrow on the top left corner on the right-hand side shows that a new topic was 

introduced, whereas the two parallel lines indicate that the discussion stopped and the 

moderator had to intervene.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Excerpt from the flowcharts. 

 

The flowcharts are all between one and three pages long. They allow for the analysis of single 

passages within the role playing exercise as well as an overall consideration of the course and 

quality of the exercise as such in the sense that it was a functioning debate moving towards a 

consensus or final decision. 

 

FINDINGS AND DISCUSSION 

The diversity in the arguments was borrowed from many different sources, including 

everyday life and science. Even though most of the role playing took place in science classes, 

arguments stemming from everyday life and society prevailed considerably, as reported too 

by Fleming (1986), Solomon (1992), Tytler et al. (2001) and Kolstø (2006) with respect to 

student discussions about socio-scientific issues. In Biology, this sub-category represented 

almost 80% of the arguments. This value was even higher than in Politics (72.4%), where 

such arguments might have been expected to play quite a large role. The percentage of 

arguments based on science was between 14.9% (Biology) and 29.4% (Chemistry). The few 

scientific arguments also did not show a wide range of variety and were mainly related to the 

role of carbon dioxide in climate change and the anthropogenic greenhouse effect. Even these 

few science-related arguments were not always correct. The terms “carbon dioxide” and 

“carbon” were often confused, as were the terms “resources”, “fuels”, or “greenhouse gases.” 

An overall analysis of the science-related arguments showed that about 10% of the science-

related arguments were incorrect.  

Regarding the complexity of the arguments employed, L0 was rarely to be found. L1 (one 

relevant argument without justification for it) was - except for Politics - the most frequent 

occurrence (Table 2). L2 (several arguments with no justification) was hardly present in all 

subjects, reaching a maximum of about 10% in Biology. L3 utterances (one argument with 

justification) constituted between 14.2% (Politics) and 28.3% (Chemistry) of all statements. 

L4 (a logical chain of arguments with justifications) makes up only 1% to 3%, whereas the 
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number of statements of the highest level L5 (justified and reflected) makes up about 15% of 

the given arguments. In Politics education, this most complex sub-category made up about 

50% of the arguments. However, this is an artifact resulting from the structure of role playing. 

In Politics the students were asked to provide an introductory statement, which was prepared 

in the previous lessons. These statements lasted up to 10 minutes each. Therefore, they 

presented many pre-prepared, complex and high quality arguments during the opening of the 

exercise but were similar to the students in the other subjects in the real role playing phase. 

Overall, the rote reproduction of arguments in sub-categories L1 and L2 made up slightly 

more than half of the arguments during the active role playing phase. Arguments with limited 

complexity represented by L3 composed about 30% of the arguments. High quality arguments 

with justification or reflection (L4 and L5) formed only about 15% of the total. When 

comparing students from different types of schools, the quality of arguments was much better 

in the grammar school classes (schools with higher-achieving students) as compared to 

comprehensive and middle school classes. Students in grade 10 and 11 performed better than 

those from grade 9. 

Table 2 

Results for the category “Level” for the four subjects 

Level Biology Chemistry Physics Politics Total 

L0 1 (0,4%) 1 (0,5%) 4 (0,8%) 0 6 (0,5%) 

L1 103 (43,8%) 90 (48,1%) 266 (49,7%) 75 (32,3%) 534 (44,9%) 

L2 24 (10,2%) 11 (5,9%) 44 (8,2%) 11 (4,7%) 90 (7,6%) 

L3 65 (27,7%) 53 (28,3%) 127 (23,7%) 33 (14,2%) 278 (23,4%) 

L4 7 (3,0%) 5 (2,7%) 8 (1,5%) 3 (1,3%) 23 (1,9%) 

L5 35 (14,9%) 27 (14,5%) 86 (16,1%) 110 (47,4%) 258 (21,7%) 

Total 235 187 535 232 1189 

“Reference” is not so easily interpreted in terms of quality when compared the other two 

dimensions. The value can be either positive or negative during the course of role- playing, if 

a student breaks the flow of conversation by introducing a new topic into the discussion. 

Nevertheless, this category is essential for answering our second research question, which 

focuses on potential types of role playing. The question of whether students refer back to prior 

speakers and utterances either in a communicative or textual way is important for this. It 

allows to consider role playing as a process of exchange and shows indications whether the 

exercise is working as a debate. In contrast, coding such as “No reference” and “Discussion 

stops” demonstrate that the character of the discussion is far from a debate and/or sporadic in 

nature. Code R3 dominates all of the subjects, especially Politics. On average more than half 

of the references were of this type. Overall the amount of the codes R1 to R3 (direct 

communicative and/or contextual reference) amounts to more than 80% of the material in all 

the subjects. We can conclude that the course of the discussion in most cases flowed smoothly 

and that the contributions made were networked by references to each other.  

The flowcharts allowed to group the role plays into different types. Four major types were 

found. Type 1 is characterized by the fact that discourse is completely directed by moderators 

from the learning group. In this sort of role playing the different actors present their point of 

view to a “council”, then are subsequently asked follow-up questions. The different 

representatives in the roles rarely communicate with each other at any point. Open discussion 

hardly takes place. This group consisted of four Chemistry and one Politics examples. Type 2 

is very similar to Type 1. However, here the teacher’s dominance hinders open debate and the 
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search for consensus building. This type was found in two of the Biology learning groups. 

Type 3 can be considered to be a role play of medium level quality. Role playing proceeds in 

a “civilized” and calm fashion. There are chains of argumentational exchange but they do not 

lead over into controversial debates. However, an exchange of ideas takes place and initial 

indicators are present that within the final statements earlier arguments are quoted and 

consensus building is approached. This was the case in one Physics, three Biology and one 

Politics learning groups. In Type 4 spirited discussions took place. These exercises can be 

considered very successful examples. The chains of evidence are long and precise and 

moderators do not play a dominant role, but rather a reserved and objective one. The students 

really “lived out” their roles and act convincingly. This was the case in four Physics, one 

Chemistry and one Politics learning group. All of these last groups came from grammar 

schools and were from grade 10 or 11 (age range 16-17). 

During the flowchart analysis teacher behavior also came more clearly into focus. Each 

teacher acted very differently. Some of them did not pay much attention to the role playing 

and performed other work such as correcting tests. Other teachers acted as moderators during 

the exercises. Several of them even actively participated in the discussion, trying to bring in 

their own ideas or arguments, which seemed to them to be more appropriate than the ones 

presented by their students. All this clearly limited the motivation of the students. A free-

wheeling discussion did not develop. Teacher behavior in these cases limited the opportunities 

for students to openly discuss and freely experiment with different arguments in a comfortable 

atmosphere.  

 

CONCLUSIONS AND IMPLICATIONS 

This paper discussed a Grounded Theory (GT; Strauss & Corbin, 1990) approach for 

evaluating role playing exercises within a framework of socio-scientific issues-based 

teaching. An evaluation pattern was derived from 20 different role plays with lower secondary 

pupils focusing climate change. The students came from different types of schools and the 

role playing exercises took place in four different school subjects: Biology, Chemistry, 

Physics and Politics.  

The evaluation grid developed by GT consisted of three main categories (Level, Domain and 

Reference) which were each operated within a dimension. The grid made the analysis 

differentiated and precise and provided a good data saturation level for analysis. Using the 

evaluation grid, graphical representations of entire role plays in the form of flowcharts 

emerged. The flowcharts allow for overall consideration of the role plays with respect to 

whether debate really takes place and whether searches for compromises and consensus 

actually occur. Four different types of role playing performances were identified, which 

represent different levels of quality concerning performance. 

Within the role playing exercises, we found that most student groups were able to create an 

atmosphere for discussion. However, the level of argumentation and discussion was quite 

diverse. Only one-fifth of the arguments in the open playing phase were complex and 

reflective in nature. Only about one out of three role playing exercises were considered to be 

of high quality with respect to the character of debate and a focus on consensus-building. 

Although this was not a quantitative and comparative study, we also found indications that 

better quality is more evident if the pupils come from grammar school compared to those 

from middle and comprehensive schools. Additionally, discussion quality increases with 

learner age. Overall, only about 20% of the presented arguments were related directly to 

science, even though most of the role playing exercises were carried out in science 

classrooms.  
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The use and level of science-related arguments was not very high. However, the reasoning 

tended to mirror societal debates in real life. If looking into everyday forums as TV talk 

shows, the amount of science-related arguments is also usually low when discussion circles 

around socio-scientific issues such as climate change. Even when scientists take part in such 

discussions, many of their arguments stem from the personal and societal domain (Bell & 

Ledermann, 2003). It is also interesting to note that there was no significant difference in the 

overall amount of science-related arguments in groups discussing climate change in science 

classrooms when compared to Politics. As well, in everyday life or public media-based 

discussions, most arguments are not very complex and reflective. Even in public discussions 

arguments often are just repetitions of previously-heard or memorized statements. Also this 

finding was mirrored in this study. Therefore, the low levels of complexity and non-

reflectiveness should not be viewed too critically.  

The results from this analysis might allow for reflection with the students where their 

arguments stem from. Such a reflection exercises might lead to a more well-reasoned view of 

the potential of science as a source for informed decisions in the classroom, but also to an 

admission of the limitations of science for contributing to open debates on controversial, 

socio-scientific issues. We also found that careful reflection is necessary on how students are 

required to familiarize themselves with their personal roles. Very open, brief role cards are 

quite demanding mentally, but allow learners to think out their own arguments. Long, detailed 

role cards lead to more qualitative arguments, but sometimes hinder open, free-flowing 

discussions. Students’ arguments would quite probably be less complex without detailed role 

cards, but would more accurately represent their own thinking and not simply a regurgitation 

of pre-sorted information.  

One last implication concerns the teacher’s role. The current study showed that role playing is 

a promising pedagogy, yet teachers often have difficulty in applying it. The preparation, 

introduction and application of role playing require a large amount of specific knowledge and 

particular teaching skills. This is a task science teacher education might take into account 

more thoroughly.  
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Abstract: The purpose of this study is to clarify teaching strategies for enhancing 
quality of argumentation among primary school students. We formulated two teaching 
strategies focusing on students’ questions in argumentation and introduced them in a 
science lesson at a Japanese primary school. The strategies were to “encourage 
students to state their reason for asking a question and to state their own ideas,” and to 
“teach students to ask questions that support other students.” We set up an 
experimental group in which both strategies were introduced and a control group in 
which neither was introduced. We then conducted a science lesson targeting sixth-
grade primary school students (11-12 years old) in Japan. In order to investigate the 
effectiveness of the teaching strategies, we analysed recorded students’ discourse in 
argumentation that took place at the beginning and end of the science lessons and then 
compared the two groups in terms of how the quality of their argumentation enhanced. 
The results showed that more students in the experimental group enhanced the quality 
of their argumentation compared to their counterparts in control group. This finding 
suggests that the two teaching strategies formulated in this study are effective for 
enhancing the quality of primary school students’ argumentation. 

Keywords: argumentation, teaching strategies, primary school 

 
PUEPOSE OF THE STUDY 
Argumentation is a process in which multiple people engage in a debate of opposing 
claims (Kuhn & Franklin, 2006). Recent studies have focused on how argumentation, 
which is an authentic scientific practice can be introduced in science education (e.g., 
Driver, Newton & Osborne, 2000; Duschl & Osborne, 2002; Osborne, Erduran, & 
Simon, 2004a). In the science classroom, students should engage in high-quality 
argumentation including justified claims and rebuttals. However, this can be difficult 
for students to do. Several recent studies have investigated teaching strategies for 
enhancing the quality of students’ argumentation (e.g., Erduran & Jiménez-Aleixandre, 
2008; Osborne, Erduran, & Simon, 2004b; Garcia-Mila, Gilbert, Erduran, & Felton, 
2013). It is essential to enhance the quality of argumentation in primary school 
(Zembal-Saul, McNeill, & Hershberger, 2012). However, compared to the number of 
studies targeting junior and senior high school students, there is a lack of  research 
conducted in primary school students.  
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Therefore, the purpose of this study is to clarify teaching strategies that can enhance 
the quality of primary school students’ argumentation. We formulated two teaching 
strategies that focus on students’ questions in argumentation and introduced them to a 
science lesson in a Japanese primary school. The theoretical framework of these 
teaching strategies was based on the work of Chin and Osborne (2010a, 2010b), who 
drew up a model to represent the role of questions in argumentation. We set up an 
experimental group in which question-focused teaching strategies were introduced 
and a control group in which they were not. We then compared the two groups’ 
enhancement in the quality of argumentation by analysing students’ discourse from 
the beginning and end of the lesson. 

 

THEORETICAL FRAMEWORK 
Chin and Osborne (2010a, 2010b) developed a model that demonstrates the 
effectiveness of students’ questions in enhancing the quality of their argumentation. 
They state that support for questions is effective for both the students who pose the 
questions and those to whom they are posed. With regard to students who pose 
questions, when students are faced with situations in which they select one idea 
among several possibilities, it is essential that they pose questions about each choice 
from a variety of angles. Considering such questions facilitates their metacognition of 
matters they have not yet understood (Chin & Osborne, 2010a). As for students to 
whom questions are posed, Chin and Osborne (2010b) found that students who 
conducted high-quality argumentation had made use of both key inquiry questions and 
other questions. A key inquiry question is one that can be directly utilised to judge the 
validity of hypotheses, while other questions refer to the validity of the relationships 
among a claim, evidence, and reasoning. These questions can elicit justified claims 
from the students to whom they are posed. 

Based on these findings, we formulated the following two teaching strategies. The 
first is “encourage students to state their reason for asking the question and to state 
their own ideas,” an approach expected to be effective for students who pose 
questions. This would involve, for example, the teacher’ introducing example 
questions such as “Do you think vegetables are charged with electricity? Why? I think 
that vegetables are not charged with electricity because they have a rough surface.” 
The second teaching strategy is “teach students to ask questions that support other 
students” which is expected to be effective for students posing questions. This would 
involve, for example, the teachers introducing examples of key inquiry questions such 
as “Why do you think rubber is charged with electricity?” and examples of other 
questions such as “In the experiment you only gathered evidence for three materials, 
so how can you say that all non-conductors are charged with electricity?” 
 

RESEARCH  METHOD AND DESIGN 

Research question 

The research question of this study is “Can the quality of argumentation be enhanced 
for a greater number of students in a class that employs question-focused teaching 
strategies than in a class that does not?” 
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Participants 

The participants in both the control group and experimental group were sixth-grade 
(11-12 years old) students at a Japanese primary school. The groups contained almost 
the same numbers of participants, with 37 in the former and 36 in the latter. None of 
them had received argumentation practice prior to the lesson. The same teacher, who 
was certified to teach science, conducted the lesson for both groups; the teacher had 
15 years of teaching experience. 

Context 
The lessons had two points in common between the groups: (a) The students received 
a total of nine hours of instruction on the scientific concept of static electricity, and 
(b) in the third hour (the pre-session) and eighth hour (the post-session), the students 
formed groups of three or four students and engaged in argumentation about static 
electricity, for 15 minutes. The difference between the groups was that question-
focused teaching strategies were introduced only in the experimental group.  
Table 1 shows student activities in the control group and experimental group. The 
details of activities in common between the two groups are as follows: In hours 1-3, 
the students posited two alternative theories: that all objects collect a charge through 
friction, or that objects can be divided into those that collect a charge through friction 
and those that do not. Next, the students performed an experiment in which they 
brought a charged drinking straw, charged paper bag, and charged plastic ruler into 
close proximity to a charged drinking straw. After the experiment, the students 
engaged in pre-session argumentation (Figure 1). In hours 4-5, they listened to an 
explanation from the teacher regarding the claim, evidence, and reasoning elements of 

 
Table 1 

Student Activities in the Control Group and Experimental Group 

Hours Control group Experimental group 
1-3 Positing two theories 

Performing experiments 1 

Pre-session argumentation 

Positing two theories 
Performing experiments 1 

Pre-session argumentation 
4-5 Learning the elements of argument 

 
Middle-session argumentation 

Learning the elements of argument 

First lecture on questions 
Middle-session argumentation 

6-8 Performing experiments 2 
Learning about rebuttals 

 
Post-session argumentation 

Performing experiments 2 
Learning about rebuttals 

Second lecture on questions 
Post-session argumentation 

9 Performing experiments 3 
Summarising the unit 

Performing experiments 3 
Summarising the unit 

Note. Underlined activities were only included in the experimental group. 
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argument and their importance. They then engaged in the middle-session 
argumentation. Then in hours 6-8, the students performed an experiment in which 
they brought several charged objects into close proximity with a thick enamel wire. 
The charged objects were the following: a drinking straw, plastic ruler, candle, glass 
rod, and rubber hose. Next, the teacher explained the conditions required for rebuttals. 
The students then engaged in post-session argumentation. In hour 9, the students 
performed an experiment in which they brought a charged drinking straw into close 
proximity with several non-charged objects: a piece of wire, plastic ruler, glass rod, 
spring onion, and pretzel snack. Then, they reviewed the results of all of the 
experiments and confirmed the scientific validity of the principle that all non-
conductors collect a charge through friction. The details of the activities given only to 
the experimental group are as follows: In hours 4-5, the teacher gave the first lecture 
on questions. In this lecture, he encouraged students to explain their reason for asking 
their question and to state their own ideas. He also introduced example questions. In 
hours 6-8, the teacher gave the second lecture on questions. In this lecture, he 
emphasised the importance of the key inquiry question and other questions which 
support other students. 

Data source and analysis 
The data source was approximately 15 minutes of students’ discourse recorded from 
each groups, respectivity, in the pre- and post-sessions. The discourses were recorded 
using an IC recorder. In order to analyse the quality of argumentation, we utilised 
Chin and Osborne’s (2010a) analytical framework (Table 2), which is based on 
Toulmin’s (1958) argument model. The framework was adopted for its capability to 
identify the quality of argumentation based on whether or not the argument contains 
justified claims and rebuttals. Types 1 and 2 both represent low-quality argumentation. 
In the case of type 1, students’ statements include only unjustified claims, and in type 
2, they also include simple justified claims. Types 3, 4A, and 4B, on the other hand, 
represent high-quality argumentation. In the case of type 3, students’ statements  

 

  

Figure 1. Students engaging in pre-session argumentation. 
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include detailed justified claims. Type 4A includes rebuttals, and type 4B is 
characterised by statements such as self-rebuttals that take into consideration the 
limitations of the students’s statements. The analysis was carried out according to the 
following procedure: (a) The students’ utterances made during the argumentation were 
divided into individual statements, with changes in speaker marking the beginning 
and end of statements. (b) The argumentation type of each statement was identified. 
(c) Each student was classified according to the highest argumentation type they stated. 
 

RESULTS 

Figure 2 (left-hand side) shows the changes in the students’ argumentation types used 
by the control group. The numbers represent the students who used each type.  

 
Table 2 

Analytical Framework to Identify the Quality of Argumentation 

Type Description 
1 A simple claim without justification or grounds versus another claim or 

counterclaim. 

2 One or more claim(s) with simple justification or grounds (comprising data, 
warrant, and/or qualifier and backing) but no rebuttal. 

3 One or more claim(s) with more detailed justification or grounds 
(comprising data, warrant, and/or qualifier and backing) but no rebuttal. 

4A One or more claim(s) with justification or grounds and with a rebuttal that 
addresses a weakness of the opposing argument and/or provides further 
support for one’s earlier argument. 

4B One or more claim(s) with justification or grounds and with a self-rebuttal 
that considers the limitation or weakness of one’s own argument. 

Note. Reprinted from “Supporting Argumentation Through Students’ Questions: Case Studies in 
Science Classrooms” by C. Chin, & J. Osborne, 2010a, Journal of the Learning Sciences, 19(2), 
p.245. Copyright 2010 by Taylor & Francis Group, LLC. 

 

  

Figure 2. The changes in students’ argumentation type of control group (left-hand 
side) and experimental group (right-hand side). 
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Between the pre- and post-session, the number of students who used type 2 
argumentation decreased from 8 to 1. The number of students who used type 4A 
argumentation, meanwhile, rose from 0 to 7. Figure 2 (right-hand side) indicates the 
changes in the argumentation types used by the experimental group. Between the pre- 
and post-session, the number of students who used type 1 argumentation decreased 
from 19 to 0. The number of students who used type 3, meanwhile, rose from 7 to 24. 

Because the data did not have a normal distribution, we conducted a nonparametric 
test. First we conducted the Wilcoxon signed-rank test to measure the simple main 
effect for each group. In the control group, the number of students whose 
argumentation type enhanced between the pre- and the post-session was not 
significant (z = -1.82, p > .05). In the experimental group, however, the results 
showed a significant number of students whose type enhanced (z = -4.66, p < .05). We 
then conducted the Mann–Whitney U test to measure the simple main effect for each 
session. In the pre-session, we found no significant bias between groups in terms of 
students’ distribution (z = -0.93, p > .05). In the post-session, however, there was a 
significant bias between groups in terms of students’ distribution, with the 
experimental group containing a higher number of students whose argumentation was 
identified as high quality (z = -2.40, p < .05). This reveals that compared to the 
control group, the experimental group contained a significantly higher number of 
students whose argumentation type enhanced between the pre- and post-sessions. 

 

CONCLUSION 

The analysis of students’ discourse revealed that a greater number of students 
enhanced the quality of their argumentation in the lesson that emplyed question-
focused teaching strategies compred to the lesson that did not. This may be due to the 
following effects of the strategies. First, when the students were engaged in 
questioning, the first teaching strategy clarified their hypotheses and helped them to 
make justified claims and rebuttals. Next, the second strategy enabled the students to 
pose questions rooted in a clear perspective and draw out justified claims and 
rebuttals from their interlocutors. 
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Abstract: The discursive approach to science teaching outlined in this study, is based 

on examples of classroom discourse employed in training Science teachers at the 

Federal University of Rio Grande do Sul, Brazil. The rationale behind the use of these 

episodes in pre-service teacher development courses is to provide teachers with a 

wide range of examples so that the situations can be analyzed in the classroom. This, 

in turn, allows teachers to appropriately address the dynamics of discursive interaction 

in future lessons. The examples presented here can provide evidence of how the 

teacher should prepare his/her classroom to conduct the flow of discourse. This sets 

out an explanation of the timetable, clarifications of procedures, and linkages to the 

context of previous lessons, in an attempt to develop a scientific story while seeking 

an explanation for the methodological procedures that should be employed when 

using teaching material and carrying out the teaching plans. Findings suggest that the 

use of this strategy may enable teacher trainees to expand their learning in the 

following areas: analyzing the episodes (transcriptions and video clips); finding signs 

of interaction in the classroom, particularly deploying teaching strategies related to 

performance, behavior, communication and the relationships formed with the 

students; improving their ability to carry out collaborative learning by means of 

scaffolding; providing access to a framework for guiding discourse with regard to 

maintaining discipline and a discursive flow of interaction for the teaching of a 

scientific story. 

Keywords: discursive approach; dynamics of discourse interaction; pre-service 

teacher development; science education. 

 

INTRODUCTION AND THEORETICAL BACKGROUND  

In recent decades, researchers in the area of Science Education have to a great extent, 

resorted to sociocultural approaches (Kelly, 2006). The studies that follow this path 

seek to analyze the way knowledge is constructed in the classroom as a process in 

which both scientific meaning and the language of the teacher are suitable for the 

level of the students when building up shared knowledge. This kind of research drew 

on the ideas of Vygotsky (1997) and Bakhtin (1981, 1996) that believed the 

construction of meanings should be seen as a process mediated by cultural tools, 

social languages, types of speech, and other factors. This approach tends to deal with 

the cognitive and discursive factors involved in the process of constructing concepts. 

The analysis of teaching classroom episodes provides evidence of changes in the self-

referential perspective, re-contextualization, dialogue and unanimity. They concern 

aspects of the “flow of discourse” framework that can bring to light the standards 

governing changes in the self-referential perspective of classroom discourse (Edwards 

and Mercer, 1987, Ogborn et al, 1996). This process can be documented in those 
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lessons when the students are invited to talk about their notions of everyday life and 

experiences while learning scientific concepts. The research conducted reveals that 

discursive patterns involve alternating between single-voiced texts and dialogues 

between teacher and students in forming scientific meaning.  

The analysis of these patterns in the discourse of the science classroom can produce 

knowledge when the teacher uses language in such a way that it allows for building 

up scientific meanings. So, these patterns can be a tool to be applied to teacher 

training courses in professional development programs. This tool offers a theoretical 

contribution to the process and provides methodological opportunities for the 

classroom teachers who want to reflect on the nature of their own professional 

practice. The analysis of the teaching episodes by the teachers allows them to reflect 

upon whether or not the major features that characterize their teaching style in the 

classroom can empower them to use scientific discourse on behalf of the students.  

This research perspective on the everyday classroom activities has become an 

instrument for teacher training and the disclosure of interactions between teachers, 

students, and scientific knowledge in the classroom. The analysis of this material 

embodies aspects of the literature on classroom discourse. It shows, for example, the 

following: the alternation between a persuasive and authoritative kind of discourse 

(Mortimer and Scott, 2003); the different voices heard in the classroom; the forms of 

control employed by the teacher (Edwards and Mercer, 1987); the narratives formed 

in the planning of scientific knowledge; the major features of planned knowledge; 

everyday discourse and the general model of teaching and learning when regarded as 

a result of scaffolding.  

Scaffolding essentially means an aid developed and offered to the learner by a more 

experienced person/peer who offers learning support with a focus on attaining 

learning objectives. Scaffolding involves the following (Tharp and Gallimore, 1991): 

modelling, i.e. standards for imitation; feedback, i.e. providing assessment on 

performance when measured by a fixed standard; instructing, i.e. requesting specific 

action; questioning, i.e. requesting a verbal response that helps the student by 

stimulating mental operations that the learner cannot or would not produce alone; 

cognitive structuring, i.e. providing explanations, about structure i.e. chunking, 

segregating, sequencing, or otherwise structuring a task into or from components. 

In our work, in the context of pre-service teacher development courses in Brazil, we 

have used this framework as a basis for analyzing videotapes (and transcriptions) of 

the student teachers engaged in teaching science in their school practice. We have 

carried out this analysis with a range of teacher students in order to obtain teaching 

episodes of what can be considered adequate and inadequate teaching practice, which 

will be used as examples of alternative teaching approaches. 

METHOD 

The teaching episodes that form the object of this paper are obtained by the filming 

and transcribing events in science lessons and that are later analyzed by means of a 

methodological framework devised to describe the flow of discourse and construction 

of meanings in the science classroom (Mortimer and Scott, 2003; Mortimer and 

Teixeira dos Santos, 2003). In theoretical terms, this methodological framework is 

grounded in the tradition of sociocultural research as it describes the construction of 

meanings as a process mediated by cultural tools, social languages, forms of speech 

and other semiotic features (Wertsch, 1991).  
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From ten years many training Science teachers at the Federal University of Rio 

Grande do Sul have participated in our studies but, for the sake of clarity, we have 

chosen a Science student teacher as an example. These episodes have been used in 

teacher education with the aim of presenting elucidating examples. The rationale 

behind the use of these episodes in pre-service teacher development courses is to 

provide teachers with a wide range of examples so that the situations involved can be 

analyzed in the classroom and, thus, allow teachers in future lesson situations to 

address the dynamics of discursive interaction in an adequate way. The examples 

given provide evidence of how the teacher prepares to conduct the flow of discourse. 

This starts with an explanation of the timetable, clarifications of procedures, and 

linkages to the context of previous lessons, in an attempt to develop a scientific story, 

as well as to seek an explanation of the methodological procedures that should be 

employed when using teaching materials and carrying out teaching plans. 

In the context of pre-service teacher education course, we have used this framework 

as a foundation for analyzing videotapes (and transcriptions) of the student teachers 

teaching science in their practice schools. In analyzing the videotapes and 

transcriptions during university sessions, the teacher trainees are asked to work in 

small groups to draw a map of the main activities of the lessons and to divide these up 

into the teaching episodes that constitute the lesson (Mortimer and Teixeira dos 

Santos, 2003). The students then decide what the purpose of each episode is. 

Afterwards, the students analyze each episode in terms of the different aspects of the 

framework. 

In the case of the classroom analyzed in this paper, the episodes shown here were 

obtained from a lesson in which a female teacher is undergoing her initial training. It 

involves a 6th grade with 32 students, aged between 11 and 12, at elementary school 

level. The aim of that class is to introduce different groups of fish that are organized 

in the subphylum of vertebrate. The proposed activities have sought to identify the 

similarities and peculiarities of the various types of fish, such as anatomy, 

characteristics of the sense organs, circulatory, reproductive, digestive and respiratory 

systems. The pedagogical activities have occurred using dialogued expository 

lectures, reading and discussion of educational materials produced by the teacher, and 

a practical session on the anatomy of a fish known as mullet. 

DISCUSSION 

Two episodes of that class show the strategies that particular teacher uses in her class 

in order to conduct the flow of discourse. 

In the first episode, it is apparent how the teacher uses language to explain the topic of 

the lesson. She resorts to the context of previous lessons, which have been taught to 

seek to establish the flow of scientific story and a clarification of the methodological 

procedures that should be employed when using the teaching materials and carrying 

out the lesson plan. 

 

Episode 1 –  

Explaining the agenda of the day and explaining procedures  

 

Teacher: Our lesson today will be about fish, as we agree, haven’t we? Right… You 
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worked on the part of the….You worked on the whole invertebrate group… we had 

practical classes, worked with the textbook, didn’t we? Now we're starting a new 

stage… I have brought materials for you, guys! Can I have a helper? Right, let’s go! 

Please, help me distribute a kit to everyone (++) I'm giving out this text and we will 

complete it together. You can see there’s a cloud with some words that have not been 

typed (++) The worksheet is in black and white (++++) I know it’s difficult to see it, 

but at the moment we will be working on it. Can everybody see the worksheet? Take 

your sheet, now we are working… You can underline, highlight. Pick up the colored 

pens to identify the important words. Okay, this will help you a lot, right! (++). Let’s 

see, who's going to stop and start reading this text? 

Students: Can I? Me. Me. (many students speaking at the same time) 

Teacher: So, our reading will have breaks. She will read a paragraph, and we will 

talk about it. Now remember, I have wanted good participation from you, haven’t I? 

Then lets go, off we go... 

 

At the beginning of this episode, the teacher focused attention on the aspect and 

addressed the teaching purposes (Mortimer and Scott, 203). The teacher opened up 

the problem and engaged students intellectually and emotionally. At the same time, 

she asked them to focus on the necessary procedures to develop a scientific story. She 

was always available and cooperated with the students to make sense of that story. 

For students aged between 11 and 12 it is very important the clarification of the 

methodological procedures that must be employed in the use of teaching materials. 

Experience shows that normally they can get lost for lack of information so that they 

are not able to follow the flow of discourse since they lack the ‘big picture’ of the 

activity.  

In Episode 2, there is evidence of the line of argument used by the teacher to construct 

the setting, which seems suitable for the development of scientific concepts. The 

teacher encourages the use of scaffolding when she provides specific assistance for 

the continuation of her students’ reasoning. The teacher sustains chains of dialogue 

with their students while developing interactive sequences. The teacher encourages 

them to keep talking, providing them with the opportunity to elaborate upon and to 

clarify their views. 

 

Episode 2:  

Preparing a suitable setting for the formation of scientific concepts 

 

Teacher: So evolution ... have you heard about evolution? We could say that fish are 

our ancestors, couldn’t we? Usually we talk about monkeys ... But fish came first, so 

... Who came next? 

Students: Amphibians! (a lot of students speaking at the same time) 

Teacher: Amphibians. Who are these Amphibians? (…) That’s fine. Don’t worry 

about them just now. We’ll study the fish. Who comes after Amphibians? 

Student: Reptiles 
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Teacher: Reptiles, after that birds, and after that the… 

Student: Mammals 

Teacher: Mammals, that’s it! Perfect! Then, what is that little cloud drawing in the 

text, what’s missing?  

Student: The spine  

Teacher: The spine. So this is the main theme of the class today. Starting now, we'll 

look at the vertebrate animals.  

Student: Yes!  

Teacher: Yes. So what's the main characteristic of a vertebrate?  

Student: Having a spine. 

Teacher:  Having a spine, but what’s this spine?  

Student: It’s the spine…  

Teacher: The spine. But what does it consist of?  

Student: Of bones.  

Teacher: Of bones. Perfect! Then could we say that the spine is only one bone ?  

Student: No!  

Teacher: So. What’s the (Spinal?) column?  

Student: Many bones. 

 

In the second episode, the teacher provides just enough feedback to encourage 

students to keep going. The scaffolding provided by the teacher involves offering 

assessment on performance, when measured by a fixed standard, that is, requesting a 

verbal response that helps the student by stimulating mental operations that the learner 

cannot or would not produce alone; chunking; segregating; sequencing; or otherwise 

structuring a task into or from components. 

These examples were used in teacher-training courses in Brazil with the aim of giving 

evidence of types of interaction in the classroom that can be carried out by these 

teacher trainees. 

Findings suggest that the adoption of this strategy can enable the teacher trainees to 

expand their learning in the following areas: enabling them to analyze the episodes 

(transcriptions and videotapes); finding signs of interaction in the classroom, 

particularly deploying teaching strategies related to performance, behavior, 

communication, and the relationships formed with the students; improving their 

ability to carry out collaborative learning by means of scaffolding; providing access to 

a framework for conducting discourse with regard to maintaining discipline and the 

discursive flow of interaction in the teaching of scientific story. It should be 

emphasized here the relevance of the use of arguments, discourse, and reasoning 

when analyzing situations, detecting problems, formulating questions, expressing 

opinions and offering solutions to problems.  

Understanding the features and propositions of different communicative approaches, 

as well as when they can be adequately used in the classroom, might encourage and 

support teachers to extend their practice following the kinds of approaches presented 

in the episodes 1 and 2.  
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CONCLUSION 

The analysis of episodes during the teacher-training classes at the Federal University 

of Rio Grande do Sulk seems to be an important approach to the education of science 

teachers. By documenting and analyzing patterns of discourse in the science 

classroom, we can generate knowledge about the ways teachers use language to make 

scientific meaning available in the classroom. The discussion allows us to question 

whether these examples represent adequate or inadequate teaching practices the same 

way as whether the discussion about how to make these interactions can work for 

more efficient or less efficient student’s learning. The focal point of this analysis is on 

the kind of discursive approach to be used by the teacher in the episodes and how 

he/she can intervene in carrying out the scientific story aiming at making it accessible 

to the students. 

Science teachers should be informed about the variety of ways of talking, not only in 

relation to their everyday concepts and experiences, but they should also help students 

to become more critical about common classroom situations and, more importantly, 

they must think about these situations and invest time in planning how to deal with 

them more effectively. 

Findings suggest that the use of this strategy enables teacher trainees to expand their 

learning in the following areas: analyzing the episodes (transcriptions and video 

clips); finding signs of interaction in the classroom, particularly deploying teaching 

strategies related to performance, behavior, communication, and the relationships 

formed with the students; improving their ability to carry out collaborative learning by 

means of scaffolding; providing access to a framework for conducting discourse with 

regard to maintaining discipline and a discursive flow of interaction for the teaching 

of scientific story. 

The professional development of science teachers involves helping teachers construct 

knowledge, skills, and engaging them in active learning. Teachers learn about specific 

approaches to educating and take those ideas back to their future classrooms where 

they may try to implement some of these discursive strategies (Wilson, 2013) 
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Abstract: Learning progressions offer a model for educators of the paths by which learning might 
proceed within a domain. A particular emphasis of much research – both within science education and 
other domains – has been on teaching higher order thinking skills and engaging students in evidence-
based argumentation. However, no tested and validated model exists of students’ progression with 
argumentation in science education. We present the theoretical underpinnings of a model for 
argumentation based in the work of Toulmin that has been developed and tested over two annual cycles. 
In each cycle, working with a large sample (n=600) of 14-year-old students, student think-aloud 
interviews and item co-development with their teachers has allowed us to monitor construct and 
response process validity. This work is important for developing a body of expertise in how to assess 
argumentation in the context of science and for establishing an empirically tested model of the nature of 
student progression with this competency.  

Keywords: argumentation, learning progressions, assessment, science education 

 
BACKGROUND AND FRAMEWORK 
The value of learning progressions in science. 

Commonly, the goals of science education are defined in terms of a hierarchy of knowledge that is 
intrinsic to the discipline. A newer approach on how to structure science education has emerged in 
recent years from the National Research Council (2007) report Taking Science to School. This argues for 
maps of “successively more sophisticated ways of learning about a topic that can follow and build on 
one another as children learn and investigate a topic over a broad span of time.” Such maps, commonly 
called learning progressions, outline potential cognitive paths that students might follow as they develop 
a more sophisticated understanding of a core scientific concept. Thus learning progressions can both 
serve as a valuable diagnostic tool for teachers of science content in that domain, while also informing 
policy makers on how to better align science content standards with what students can realistically 
achieve. 

The value of argumentation in science. 

Despite extensive research literature suggesting that argumentation supports student conceptual 
understanding (Osborne, 2010), what happens in science classrooms is largely motivated by factors such 
as teachers’ previously held beliefs, state science content standards, and the format and content of state 
science assessments (Banilower et al., 2013). If reasoning and arguing are to be emphasized in science 
classrooms, such higher-order skills must be represented both in the standards and on the tests. 
However, little is known about how to readily assess reasoning and argumentation in a domain-specific 
manner, particularly in a quantitative or semi-quantitative way. Investigating scientific argumentation 
and reasoning through the lens of a learning progression provides just such a way to operationalize and 
empirically test these important science skills.  

Previous research. 
While Schwarz et al. (2009) have developed a learning progression for scientific modeling that contains 
explanatory elements, Berland and McNeill (2010) propose the only learning progression to date that 
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specifically focuses on scientific argumentation. In their progression, the authors use examples from 
elementary, middle, and high school science classrooms to characterize the ways in which students’ 
arguments vary in complexity and sophistication across grade levels and instructional contexts. Their 
findings indicate that – with guidance – students as young as 5th grade can engage in meaningful 
argumentation. Furthermore, this work provides some preliminary evidence as to how argumentation 
ability develops over time, as they found the structure of argumentation was more complex in 12th grade 
students’ work than that of their middle school counterparts.  
The progress map Berland and McNeil (2010) propose is based on qualitative observations of the 
sophistication and frequency of various forms of argumentation and consists of three dimensions – 
instructional context, argument product, and argument process. This suggests that multiple progress 
variables would need to be operationalized and measured to validate their learning progression. What 
their map lacks is any systematic attempt to empirically probe student understanding and measure 
competency with argumentation in individual students. Hence it is difficult to say whether students were 
unable to engage in certain aspects of argumentation, or whether they simply chose not to because it was 
not specifically asked for. Thus, while Berland and McNeil clearly and thoroughly delineate three 
plausible dimensions of scientific argumentation using specific classroom examples that exemplify each 
dimension, their progress map lacks empirical validation. 
In contrast, we propose a learning progression for argumentation that is amenable to empirical validation 
using assessment items that target different levels of our progress map. We have designed these 
assessment items to elicit student responses commensurate with specific levels of competency as 
described by our learning progression. Data generated from student responses provides information 
about the extent to which these responses support our hypothesized progression. Lack of empirical 
support can be attributed to a lack of validity of the assessment items, a lack of validity of the proposed 
learning progression, or possibly both. Therefore, an iterative process that holistically examines both the 
assessment items and the progress map has enabled us to develop an empirically validated learning 
progression for argumentation. It should be cautioned, however, that validation of such a progression 
does not entail that every single student moves through the progression in the same manor (Duncan & 
Hmelo-Silver, 2009). Rather, validation of our proposed learning progression for argumentation can 
provide evidence that an understanding of how to argue in a scientific context may, on average, develop 
to some degree in accordance with our hypothesized map. 

 

OUR PROPOSED LEARNING PROGRESSION FOR ARGUMENTATION 
Towards a working definition of argumentation. 

We view argumentation as not simply an aptitude that can be assessed, but rather, as a competency. 
Koeppen et al. (2008) define competence as “context-specific cognitive dispositions that are acquired 
and needed to successfully cope with certain situations or tasks in specific domains” (p. 62). Building on 
this conception of competency, we view scientific argumentation as a complex form of reasoning 
demanded by situations that require scientific content knowledge to construct and/or critique 
proposed links between hypotheses and evidence. By invoking the term reasoning, we draw on 
Walton’s (1990) description of theoretical reasoning, which he characterizes as a discursive process 
“oriented to finding reasons for accepting a proposition as true or false” (p. 405). Note that Walton does 
not see reasoning and argumentation as equivalent, but rather, argumentation is a specific form of 
reasoning that seeks resolution to one or more claims:  

Argument is a social and verbal means of trying to resolve, or at least contend with, a 
conflict or difference that has arisen or exists between two or more parties. In an 
asymmetrical case, one party puts forward a claim, and the other party questions it. In a 
symmetrical case, each party has a claim that clashes with the other party’s claim. The 
claim is very often an opinion, or claim that a view is right, but it need not be (p. 411). 
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Given Walton’s (1990) depiction of argument as the adjudication among multiple claims, we turn to 
Toulmin’s (1958) model for the structure of practical or informal argument. In contrast to the logic of 
more traditional deductive arguments that start from first principles to ultimately arrive at a claim, 
practical arguments instead begin with claims and seek justification to support those claims. We see this 
model as more in line with how argument is used in scientific practice – scientists begin with a claim 
(i.e., a hypothesis) and test its veracity against empirical data. Toulmin’s practical model has formed the 
basis of many schemas used in research analyzing student discourse (Cavagnetto, 2010; Erduran, Simon, 
& Osborne, 2004; Zohar & Nemet, 2002). 

Toulmin’s model (1958) begins with a claim as a “conclusion whose merits we are seeking to establish” 
(p. 90). It follows that in seeking to establish the merit of a claim, one turns to data or evidence that may 
lend support. In turn, the relation between the evidence and the claim is provided by a warrant that 
forms the substance of the justification for the claim. Warrants may often be dependent on implicit 
assumptions that Toulmin referred to as backing. Claims may also be circumscribed by the use of 
qualifiers that define the limits of validity. For the purposes of our work, claims, warrants, and evidence 
play a key role in the development of our learning progression, the incorporation of which we will detail 
below. 

While Toulmin’s (1958) model of practical argument plays a central role in our learning progression for 
argumentation, it is not sufficient. Indeed, in addition to justification, the process of critique must be 
also incorporated into our progress map. As Ford (2008) has argued, the goal of scientific reasoning is 
knowledge construction, and this is achieved by a dialectic consisting both of construction and critique. 
Argument is used to justify the validity of explanatory hypotheses, experimental designs and 
interpretations of a given data set. Critique is essential to identifying flaws in such arguments.  

The ability to engage in critique, however, requires somewhat different competencies. For instance, 
rather than constructing a claim, it requires the ability to identify what is the claim in any given 
argument, what elements constitute the data that is used to support the argument, and what kind of 
reason is used to relate the data to the claim. Such competency is reliant on at least a tacit meta-
knowledge of the features of an argument and the ability to distinguish its component elements. Taken a 
step further, it requires the ability to construct a rebuttal that would explain why the reasoning in a given 
argument is flawed. Commonly, this may require the cognitive performance of comparing and 
contrasting the relative merits of two arguments or constructing an argument for why some evidence has 
higher epistemic validity than other evidence. Recently, work by Evagorou and Osborne (2007) and 
others (Clark, Sampson, Weinberger, & Erkens, 2007) has led to a deeper theoretical understanding of 
the essential features of good quality argumentation. 
In summary, we conceptualize scientific argumentation as a competency, and highlight several key 
aspects of this competency that we believe our progress map should account for: 
1)  Argumentation is a specific type of reasoning that seeks resolution to one or more claims (Walton, 

1990). 
2)  When viewing argumentation as a justificatory exercise, a claim must be considered in concert with 

both evidence and a warrant that purports to establish the relation between the evidence and the 
claim (Toulmin, 1958). 

3)  In addition to constructing an evidentiary foundation for a claim with data, the process of critique is 
also essential for identifying potential flaws in argument constructions (Ford, 2008). 

Therefore, taken as a whole, a competency for scientific argumentation demands a complex 
orchestration of construction and critique of claims, warrants, and evidence in situations that require 
scientific knowledge to resolve. Given that opportunities to engage in argumentation rarely occur in 
science classrooms (Newton, Driver, & Osborne, 1999), and the multitude of information that must be 
processed to construct/critique a scientific argument, argumentation is both a novel and demanding task 
for many students that can – depending on the complexity of the argument – make substantial cognitive 
demands. 
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Accounting for cognitive load. 
Given that students have little experience with scientific argumentation, any progress map for 

scientific argumentation should also account for limitations in human working (i.e., short-term) memory. 
This is because working on novel tasks places high cognitive demand on human working memory. 
These limitations in working memory are perhaps most famously documented by Miller (1956) who 
described how, across multiple cognitive experiments, the number of entities that could be 
simultaneously held in human working memory is SEVEN +/- 2. These findings have served as a 
foundation upon which cognitive load theory (Chandler & Sweller, 1991; Paas, Renkl, & Sweller, 2003; 
Sweller, 1994) has been built. Pollock, Chandler, and Sweller (2002) delineate four primary assumptions 
that cognitive load theory is predicated upon: 

1) Human working memory can only process a limited amount of information at a given time, per the 
SEVEN +/- 2 findings documented by Miller (1956). 

2) Human long-term memory is essentially limitless. 
3) This long-term memory can hold schemas, which “chunk” together fragmented bits of information. 

These schemas require less capacity when retrieved by the working memory than were all the 
individual bits retrieved independent of the schema tying them together. 

4) Schemas that become automated through repetition also reduce working memory load through 
automatic processing that bypasses working memory altogether. 

Furthermore, Pollock, Chandler, and Sweller (2002) summarize two basic sources of cognitive load. The 
first source – intrinsic cognitive load – “is determined by the extent to which various elements interact… 
An element is the information that can be processed by a particular learner as a single unit of working 
memory” (p. 62). In contrast, extraneous cognitive load “is generated by the manner in which 
information is presented to learners and is under the control of instructional designers” (p. 62).  

For the purposes of this study, cognitive load theory offers us a lens through which the competency of 
scientific argumentation can be operationalized as a single progress variable. More specifically, given 
that Toulmin (1958) resolves argumentation into fundamental constituents such as claim, warrant, and 
evidence, the process of constructing or critiquing arguments can be viewed as an orchestration of 
various combinations of these elements of argument. It follows that for tasks that increase the number of 
elements that must be processed, the intrinsic cognitive load on the working memory increases, thereby 
making it more difficult to demonstrate argumentative competency. Hence conceptualizing the elements 
of argument as a source of intrinsic cognitive load guides us as we designate certain argumentative tasks 
to be more/less difficult than others on our proposed learning progression. With this in mind, intrinsic 
cognitive load also assists us in considering a realistic top anchor for our progress map, as we are 
mindful of developing assessment items in which the cognitive demand is reasonably within the limits 
of human working memory. Finally, cognitive load theory also guides our creation of assessment items 
to probe each level of our argumentation progress map. More specifically, as our intent is to isolate the 
intrinsic cognitive load demanded for increasingly complicated orchestrations of Toulmin’s elements of 
argument, in parallel we seek to minimize the extraneous cognitive load of how our assessments are 
formatted. For example, we work with teacher co-developers to flag and remove potentially confusing 
words, figures or images. More details about the challenges and lessons learned from our attempt to 
create assessments scientific argumentation in the written form are summarized in Osborne et al. (2013, 
in prep).  

Our proposed progress map. 
Drawing on the ideas of intrinsic cognitive load required to engage in construction and critique of 
more/less sophisticated combinations of claims, warrants, and evidence, the current progress map for of 
our hypothesized learning progression for argumentation is shown in Appendix A. To demonstrate 
competency on items probing the earliest levels of our progression, our assessments pose situations that 
require students to consider claims (denoted by a box in Appendix A) and/or evidence (denoted by a 
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circle in Appendix A). As explained previously, we borrow from Toulmin (1958) by viewing claims and 
evidence as the fundamental elements of our progress map – the building blocks towards more 
sophisticated argumentation. Also note that some elements in Appendix A are shaded while others are 
not. Shaded elements reflect what students are specifically asked for in an item probing a particular 
level. Non-shaded elements bounded by a dotted line may be implicitly considered by students when 
assessed, but we cannot say for sure, as students are not asked to identify them explicitly. Indeed, as 
middle school students do not commonly practice argumentation in science classrooms, we chose to 
assess only what students were explicitly asked. Hence the nomenclature of our progress map reflects 
this explicit assessment approach.  
In addition to our progress map in Appendix A, we wish to provide some context through specific 
examples of how our assessments can probe each level of our progress map. Figure 1 provides an 
example of how our assessment items are posed. In this scenario depicted in Figure 1, three pieces of 
evidence are presented about what happens when sugar is stirred into a glass of water. In addition to this 
evidence, two hypothetical claims are posed which are not in agreement. This sets the stage for students 
to call on scientific content knowledge to construct and/or critique proposed links between hypotheses 
and evidence – our working definition of scientific argumentation. Our outline of our progress map will 
refer to the item in Figure 1 providing an example of how to probe that given level in the scientific 
context of how the item is posed.  

 
Figure 1. Sample assessment item. Examples of how items can be written to probe each level 
of our progress map will be based on the context of this item. 

 
Our progress map consists of three broad levels of argumentation differentiated by intrinsic cognitive 
load, where each level is seen as requiring more connections to be made between claims and pieces of 
evidence. Early levels are prefixed with the number zero to denote that assessment items probing these 
stages do not ask for explicit connections between claim and evidence to be made. These connections – 
warrants under the Toulmin model – are not specifically asked for, and hence it is possible to 
demonstrate competency with identification/critique of a claim and/or evidence without coordinating a 
logical connection between them. Hence the zero prefix for these levels denotes zero degrees of 
coordination.  

Zero degrees of coordination. 
We regard constructing an explicit claim (Level 0a) as the most basic demonstration of argumentation 
competency, as doing so does not technically require any additional knowledge of the features of an 
argument. Indeed, it is possible for a student to construct a claim without actually knowing what it 
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means for a statement to function as a claim in an argument. For example, given the situation posed in 
Figure 1, a Level 0a assessment would be to simply ask the student taking the assessment to write down 
what they think happened to the sugar. Indeed, it is possible for the student to say that they think the 
sugar remains or vanishes without knowing their declaration functions as a claim in an argument that 
demands evidentiary justification. Level 0b is more advanced, as it requires the capability to identify 
what is the claim in any argument, and in so doing a student has to now differentiate a claim from other 
features (e.g., warrants and evidence) of the argument they are asked to critique. For example, a Level 
0a assessment with respect to Figure 1 would ask for explicit identification of what Laura is claiming 
(i.e., the sugar is gone). Level 0c builds on Level 0b, as it requires the ability to identify evidence that 
may support a claim. For example, a Level 0c assessment with respect to Figure 1 would ask for explicit 
identification of evidence that supports Laura (i.e., the sugar disappears). While items probing this level 
only explicitly ask for a supporting piece of evidence to be identified, one cannot simply say something 
is “supporting” without a referent as to what is being supported. Hence both claim and warrant need to 
at least be implicitly considered when identifying a piece of evidence as “supporting.” Therefore we see 
at Level 0c the first inclusion of nomenclature representing a warrant (denoted by a box with connecting 
arrows in Appendix A), albeit not shaded in, as items probing this level do not ask for warrants to be 
explicitly constructed/critiqued.  

One degree of coordination. 
Items that indeed require explication of warrants mark the transition from Level 0 to Level 1 on our 
progress map. These intermediate levels are prefixed with the number one to denote one degree of 
coordination – i.e., students need to make one explicit logical connection between claim and evidence 
by way of a warrant. This builds on Level 0 of the progress map, as it requires understanding of not only 
what constitutes a claim or a piece of evidence, but also how to construct or critique a relationship 
between claim and evidence. Assessments probing Level 1a explicitly ask for a warrant to be 
constructed, or alternatively, critique why a warrant advanced by someone else might be flawed. For 
example, a Level 1a assessment with respect to Figure 1 would ask for a possible reason Laura might 
give for why she thinks the sugar is gone (e.g., if the sugar was still there, we would still be able to see 
it). Assessments probing level 1b and 1c are more demanding, as they ask students to explicitly 
construct or critique a claim, evidence, and warrant simultaneously. In terms of Figure 1, a Level 1b 
assessment would ask for a student to state explicitly a complete argument for Laura (e.g., Laura thinks 
the sugar is gone, because if the sugar remained it could be still be seen, but there is evidence that it 
disappears after stirring). What discriminates between these two levels is that Level 1c items ask 
students to offer a combination of claim/warrant/evidence that is superior to what was 
constructed/critiqued in an item probing Level 1b. For example, a Level 1c assessment with respect to 
Figure 1 would ask a student to think of a possible rebuttal Mary could make to Laura’s argument (e.g., 
yes the sugar disappears after stirring, but due to the conservation of matter it cannot be destroyed, so 
perhaps the sugar is still there but simply in a different form). 

Two or more degrees of coordination. 
The most advanced levels of our progress map are prefixed with the number two to denote two or more 
degrees of coordination. Level 2 items require students to explicate two or more warrants. Assessments 
probing Level 2a require students to consider two arguments and then offer a warrant for why one 
argument is superior to the other. These tasks demand that a student explicitly identify the warrant used 
in the argument they agree with in addition to advancing a warrant for why they consider that argument 
to be superior. For example, a Level 2a assessment with respect to Figure 1 would ask for a student to 
take a side (i.e., Laura or Mary’s position) and provide explicit rationale for why they take that side in 
the argument (e.g., I side with Mary because the sugar simply dissolved, which means that it is still 
there). Level 2b builds upon Level 2a as items probing this level now ask students not only to explicate 
why they side with one argument, but additionally, explicitly why they found the rival argument to be 
inferior. For example, a Level 2b assessment with respect to Figure 1 would ask for a student to not only 
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take a side in the argument (i.e., Laura or Mary’s position), but also to explain why they found the other 
argument to be inferior (e.g., I side with Mary because the sugar simply dissolved, which means that it is 
still there. This is a better argument than Laura’s which thinks the sugar is gone, but I know matter just 
can’t disappear). This requires explication of four warrants – identification of the warrant used in each 
of the two competing arguments in addition to a third warrant for why one argument is superior and a 
fourth warrant for why the other argument is inferior. 

The cognitive demands of moving along the learning progression. 
Indeed, the degrees of coordination necessary to resolve and evaluate any argument multiply rapidly 
when students are asked to make multiple comparisons. Level 2c of our learning progression exhibits 
nomenclature mapping the multiple warrants necessary for a student to evaluate the various degrees of 
importance multiple pieces of evidence may have for a specific claim. For every additional piece of 
evidence that a student is asked to consider vis-à-vis a claim, an additional warrant linking that new 
piece of evidence to the claim in question is necessary. With only several pieces of evidence posed to a 
student in an assessment item, the limits of their working memory are quickly being pushed to the limit. 
For example, a Level 2c assessment item with respect to Figure 1 would ask for evaluation of the 
relative significance of each of the three pieces of evidence with respect to Laura’s claim (e.g., only the 
first piece of evidence where the sugar disappears supports Laura, as the other two pieces of evidence 
both suggest that something is left behind despite no longer being visible). In pilot work, items that 
presented more than three pieces of evidence proved challenging as each piece of evidence that must be 
considered relative to a claim represents an additional element of intrinsic cognitive load.  
To this point, Level 2d of our progress map exemplifies how quickly an argumentation task can push the 
limits of working memory. Here, assessment items ask students to not only adjudicate between two 
arguments, but also do so via construction of a third argument that they believe is superior to the 
previous two. Here, the nomenclature in our progress map shows no fewer than five warrants that must 
be explicated to demonstrate full competency at this level. Based on Figure 1, an item could be written 
where Laura’s claim (i.e., the sugar is gone) remains the same while Mary’s claim is made to be less 
decisive (e.g., the sugar may still be there, or it may be gone). Then, given the same three pieces of 
evidence provided, a Level 2d item would ask a student to explicitly identify an alternative explanatory 
hypothesis that is superior to both Laura and Mary (e.g., I think the sugar remains, because based on 
Evidence #2 and #3 in combination with the law of conservation of matter, the sugar cannot be 
destroyed and hence simply changed form. This is inconsistent with both Laura and Mary’s arguments, 
as Laura explicitly says the sugar is gone while Mary leaves open the possibility of the sugar being 
destroyed.). Level 2d, which requires competency at all previous levels, currently occupies the top 
anchor of our learning progression for argumentation, but empirical testing may prove that this top 
anchor is too ambitious for students to demonstrate competency with little prior practice with 
argumentation. Indeed, the complexity depicted in Appendix A suggests that Level 2 tasks in general 
may be too much for students to handle if they are unfamiliar or unused to scientific argumentation. 
Fortunately our progress map lends itself to empirical testing of this very question.  
 

METHODOLOGY 
The development and validation of our argumentation questions and learning progression occurred as 
part of a larger 4-year assessment project of middle school science. The goal of this larger project was 
the investigation of how students understand and engage in argument about the structure of matter.  

Sample. 
This study was conducted with middle school students from an urban school district in the western 
United States. The district student body was 35% Asian, 23% Latino, 11% White, 11% African 
American, 7% South/Pacific Islander, 10% Other Non-White, and 4% declined to state. Furthermore, 
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61% of students were eligible to receive free or reduced lunch and 27% of the students were designated 
as English Language Learners (ELLs). Sampling was conducted in six to eight classrooms of students 
(approximately 35 students per classroom), which provided a sample size of 210-280 per test form. 
The approach to assessment development utilized in this project was based on the BEAR Assessment 
System (Wilson & Sloane, 2000). This approach to developmental assessment provides an integrated 
means of developing assessments aligned meaningfully with curricular goals and instructional activities. 
The developmental perspective of the BEAR Assessment System is reflected in two key ways. The first 
is that assessment development is centered on progress variables, which are the “big ideas” around 
which a curriculum is structured. A progress variable is an achievement continuum defined operationally 
by the assessment tasks to which students respond, and that can be used to track student progress over 
time (Masters, Adams, & Wilson, 1990). These progress variables each represent an important set of 
learning goals of the curriculum which are assessed repeatedly and for which teachers will wish to have 
summary information at critical points during the school year. Part of the work of this project is to 
extend and combine progress variables into a map of progression in argumentation to provide a 
developmental perspective of how students’ abilities to reason scientifically may progress. Information 
drawn from these assessments can then be used formatively to inform decisions about student progress 
and the next steps in instruction. Progress variables themselves are based on comprehensive reviews of 
the theoretical and research background, and their usefulness is verified through empirical analyses. 

A second way the developmental perspective is reflected is in the operationalization of progress 
variables in the form of grading rubrics for open-ended items, along with exemplars of student 
performance at developmentally important levels. These grading rubrics should ideally lead multiple 
human raters to award a similar score when independently examining the same sample of student work. 
The BEAR Assessment System operationalizes the four principles outlined above though four primary 
building blocks: the construct map, items design, outcome spaces, and the measurement model (Wilson, 
2005): 
1) The construct map represents the latent construct being probed. In the BEAR system, the 

developmental perspective emphasizes how students progress from less to greater expertise in the 
domain of interest (rather than using assessment only to measuring correctness after learning 
activities are completed). An essential tension when choosing construct maps is the tradeoff between 
coverage, which drives the creation of many construct maps representing every learning goal, and 
usability which limits the number of construct maps that can realistically be learned and 
implemented by students and teachers. It is therefore important to identify the most important 
learning trajectories to represent as construct maps. This is usually accomplished through domain 
analysis that considers extant literature, the particular goals of related curricula, teachers’ expertise, 
input from other experts in the domain, and the theory guiding the larger learning progression.  

2) Items design refers to the systematic design of tasks to elicit specific kinds of evidence about student 
knowledge, as described in one or more construct maps.  

3) Outcome spaces define the qualitatively different levels of responses (of the construct map) relative to 
a particular prompt or stimulus; essentially this is where a value is placed on student work. 

4) Finally, the measurement model defines how inferences about student understandings are drawn from 
the evaluated (scored) work. In the BEAR system, we use a Rasch-based item response model 
known as the unidimensional partial credit model (Masters, 1982) and the multidimensional random 
coefficients multinomial logic model (MRCMLM) (Wilson & Wang, 1995). The models provide 
convenient and rich ways to model measures of person proficiency and item difficulty measures 
using the same scale. In addition, items from different types of assessments can be scaled together so 
that student gains can be evaluated in a straightforward way without requiring students to take the 
same pre- and post-test.  
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Assessment evaluation. 
All assessments went through a rigorous evaluation process that followed the four steps mentioned 
above. Using this model allows for an investigation of the measurement properties of the test by 
estimating an individual’s ability, the difficulty of each item, item fit statistics, and individual fit 
statistics. For this research, individual ability was interpreted as an individual’s proficiency in response 
on a continuum as represented on the progress map. Item difficulty was interpreted as the degree to 
which typical individuals generate or choose the correct answer to an item. This model is useful because 
it translates raw information (item scores and person estimates) into logits, thereby yielding item 
locations and individual ability estimates on a logit scale. Conducting this logistical transformation of 
the data frees them by placing them on a new scale free from the particulars of persons or items 
(Masters, 1982). This analysis was done using ConQuest software (Wu, Adams, and Wilson, 1998). The 
software provides visual maps and results that can be interpreted using the progress map as a guide. 
Discrepancies between empirical data and our hypothesized learning progression can then be illuminated 
by comparing the response patterns of students responding to our items with response patterns predicted 
by our hypothesized progress map. 
To build coherent and evidence-based learning progressions, it is necessary to ensure the quality of the 
assessments. Such evidence is best sought from a close examination of the individual respondent and 
his/her individual responses (Wilson, 2005). For example, for an assessment designed to assess scientific 
reasoning it becomes important to verify that scientific reasoning is taking place as the student is taking 
the items and that he/she is not using a test-writing strategy or other means to answer questions. Messick 
(1987) writes that it has long been presumed that the score a person attains on a test is determined by 
relevant responses to the specific content and, in addition, it is usually taken for granted that this score 
reflected the respondent’s knowledge on achievement tests (for example). However, Messick suggests, 
“evidence in support of these presumptions is critical in establishing the meaning or construct validity of 
the scores” (Messick, 1991, p. 161). Similarly, Norris, Leighton, and Philips argue that the cognitive 
approaches used by students to answer questions may be difficult to predict and should be explicitly 
probed (2004). Therefore, verbal report protocols (Ericson and Simon, 1993) combined with an exit 
interview were administered to a selected sample of 10-20 students per question. The concurrent verbal 
report protocol audio-records students who are asked to complete the test while thinking aloud, 
occasionally with minimal prompting (e.g. “please keep talking”, “I’m listening”.)  

Reliability analysis. 
To determine if our assessments measure student understanding of scientific reasoning with sufficient 
consistency across individuals taking the test and across scorers assigning scores to items, we used 
samples of approximately 150 students (from approximately 5-7 classrooms, assuming approximately 
25-30 students per classroom) per grade level. This provided an acceptable reliability estimate; Feldt 
(1965) suggests that if the true reliability is .85, using a sample of 140 people will allow a 95% 
confidence interval for the reliability estimate to be approximately (.81, .88), and similar results may be 
obtained using the formulae in Feldt, Woodruff, & Salih (1987). Having 210-280 students in the sample 
permits stable estimates for the number of items and range of responses we are anticipating (see for 
example, Linacre 1994).  

The Partial Credit Model (Masters, 1982) allowed us to apply a Rausch model for partial credit scoring 
of student responses. All items have the value of the weighted mean square statistic falling in the 
acceptable range of 0.75 and 1.33, suggesting the use of the Partial Credit Model is appropriate. The 
overall test reliability was 0.76.  

Significant steps were taken to ensure inter-rater consistency. First, the scoring guide was exemplified 
with typical student responses using a group discussion of raters. Items were then rated using the scoring 
guide and ratings and assessments were then shared. Disagreements were resolved through discussion 
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and the scoring guides amended appropriately. This cycle was continued until the differences between 
scorers were considered minimal. 

The process of item development is summarized in Figure 2 below. Briefly, we (1) picked a content 
progress variable in which to situate a given argumentation item, (2) wrote an initial draft of the item, 
(3) conducted peer review within our research group (composed of argumentation and content experts) 
and with teacher co-developers, (4) conducted think aloud interviews with eighth grade students to 
establish construct validity and identify smaller item flaws, (5) moderated detailed scoring guides for 
items based on pilot test administrations, (6) administered final items to 600+ eighth grade students, and 
(7) used IRT to analyze findings from large-scale administrations. 

 
Figure 2. Iterative item development process. 

 

PRELIMINARY FINDINGS 
Item Response Theory: Partial Credit Model results. 
After two annual cycles of the BEAR Assessment System, IRT analysis indicates that the current 
version of our learning progression for scientific argumentation has a degree of validity, particularly for 
the lower and intermediate levels of our model, and has provided insights into a better understanding of 
the higher levels where there is a good fit between the map and the item. This outcome is a product of an 
improvement in our knowledge of how to write argumentation items and improvement in our model of 
progression. As the focus of this paper is primarily on the building of our learning progression for 
argumentation and the methods for how it is operationalized, Osborne et al (2013, in prep) provides a 
more a more detailed analysis of the empirical data generated by our assessments. 

IMPLICATIONS 
The value of the work is twofold. First it offers a tested model of the trajectory of student expertise with 
argumentation. Perhaps more importantly, it offers a body of expertise of how to measure and assess 
student competency with argumentation in science. This is particularly important given the policy 
priority to assess what 21st century higher order thinking skills in the context of science in particular 
argumentation (National Research Council, 2011). As Pellegrino (2013) has argued:  
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Our greatest danger may be a rush to turn the NGSS into sets of assessment tasks for use on high-stakes state 
accountability tests before we have adequately engaged in research, development, and validation of the 
range of tasks and tools needed to get the job done properly. 

If teachers are to develop students’ ability to engage in argumentation, we must provide the means to 
assess the competencies that we value and support the development of instructional environments that 
foster the use of scientific reasoning and argumentation. For in the absence of a well defined construct, 
items will be written that operationalize an ill-defined or nebulous construct or, even worse, the absence 
of items will lead to the omission or undervaluing of a practice which is central and core to 
understanding science. 
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Appendix A: Proposed Progress Map for Argumentation/Scientific Reasoning 

Level Constructing 
Arguments  

(first person) 

Critiquing Arguments  

(third person) 

Description (The student can…) Cognitive Load 

0 N/A N/A No evidence of any facility with 
argumentation 

 

0a Making a relevant 
claim 

N/A Explicitly state a c la im. Does not have to 
be correct or substantiated, but must 
represent an arguable point. 

 

0b N/A Identifying/stating the claim 
of/for someone else 

Explicitly identify a c la im. This could be in 
the form of a position or hypothesis. 

 

0c Stating evidence 
supporting your 
claim 

Identifying/stating evidence 
supporting the claim of/for 
someone else 

Explicitly identify a piece of ev idence that 
can be used to implicitly support an 
argument. 

 

1a Stating a warrant 
for your argument 

Identifying/stating a warrant 
for the argument of/for 
someone else 

Explicitly identify a warrant that implicitly 
links evidence to a claim.  

 

1b Constructing an 
explicit argument 

Identifying/constructing an 
explicit argument of/for 
someone else 

Explicitly identify a c la im, a piece of 
ev idence, and a warrant that links that 
evidence to a claim.  

 

1c Constructing a 
rebuttal to another 
argument 

Identifying/constructing a 
rebuttal of/for someone 
else 

Explicitly identify a c la im, a piece of 
ev idence, and a warrant that links that 
evidence to a claim in such a way that is 
superior to another argument.  
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2a Constructing a 
one-sided 
comparative 
argument 

Identifying/constructing a 
one-sided comparative 
argument of/for someone 
else 

Evaluate two compet ing arguments 
and provide explicit reasons for why one 
argument is superior. 

 

2b Making a two-
sided comparative 
argument 

Identifying/constructing a 
two-sided comparative 
argument of/for someone 
else 

Evaluate two compet ing arguments 
and provide explicit reasons not only for why 
one argument is superior but also for why the 
other argument is inferior. 

 

2c Stating relative 
significance of 
several pieces of 
evidence to your 
claim 

Identifying/stating relative 
significance of several pieces 
of evidence to the claim 
of/for someone else 

Evaluate the various degrees of importance 
mult ip le p ieces of ev idence may have 
to a specific claim.  

 

2d Constructing an 
explicit counter 
claim 

Identifying/constructing an 
explicit counter claim of/for 
someone else 

Explicitly identify an a l ternat ive 
explanatory hypothes is  and provide 
explicit justification for why it is superior to 
other competing arguments 
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GREEK STUDENTS’ ABILITY IN ARGUMENTATION 

AND INFORMAL REASONING ABOUT 

SOCIOSCIENTIFIC ISSUES RELATED TO 

BIOTECHNOLOGY  
 

Martha Georgiou and Evangelia Mavrikaki  

National and Kapodistrian University of Athens 

 

Abstract: The aim of this research was to investigate the argumentation skills of 10
th

 

grade Greek students and the type of informal reasoning they use about 

Biotechnology issues, as also whether there were differences between students that 

had different approaches to this subject. We worked with three groups of students: the 

first had been traditionally taught Biotechnology for 4 hours, the second was not 

taught Biotechnology at all and the third carried out a Project (a new subject 

introduced in the Greek curriculum during the school year 2011-2012) relating to 

Biotechnology for 4 months (3 hours weekly). For the evaluation of the arguments the 

Toulmin’s model was used, whereas for the characterization of informal reasoning we 

were based on the classification: rational, intuitive and emotive. Results revealed that 

the majority of students used intuitive arguments, without particularly strong 

arguments, based mainly on little evidence. There were no statistically significant 

differences among the three groups of study on informal reasoning even if the third 

group of students gave more rational arguments. The strongest arguments involved 

rational informal reasoning in contrast to the weaker ones which relied on intuitive 

and emotive. 

Keywords: argumentation, socioscientific issues, informal reasoning 

 

 

BACKGROUND AND FRAMEWORK 

 
In several countries, including Greece, over the last decade there has begun an effort 

to create school curricula based on scientific literacy (American Association for the 

Advancement of Science, 2000; Canada Council of Ministers of Education, 1997; 

Curriculum Council of Western Australia as mentioned in Dawson & Venville, 2009; 

Reiss, Millar & Osborne, 1999). Sadler (2004) suggested the value of socio-scientific 

issues (SSI) in teaching aiming at scientific literacy. 

Argumentation is an important factor in the study of SSI (Patronis et al., 1999) and 

helps people justify their opinions and decisions, take part in dialogues more 

efficiently, participate in civic life and become scientifically literate active citizen.  

 

Rationale and Purpose  
In the Greek educational system there are few opportunities for students to express 

arguments in SSI. Biotechnology is a scientific field plenty of SSI as genetically 

modified food, gene therapy etc (Korfiatis & Beitelman, 2010). Biotechnology, as 

part of the Biology course, is taught four (4) hours during compulsory education in 

Greece. However, the school year 2011-2012 emerged for the first time a new course 

named “Project” [sic], which was added in the Greek curriculum of the 10
th

 grade. 

Groups of 16-20 students are occupied, for approximately four months (3 hours per 

Strand 7 Discourse and argumentation in science education

1158



week), with a topic they choose among different topics that teachers suggest. Students 

carry out a research for the topic under the supervision of the teacher, therefore we 

suggest that this course is an opportunity to engage students in SSI. 

Based on the above our research questions were  

• Have Greek students the ability to express scientific arguments in SSI arising from 

the field of Biotechnology? 

• What kind of informal reasoning do they use in this case? 

• Are there any differences between students who have approached Biotechnology 

differently? 

 

 

SAMPLE – METHOD 

 
The research sample consisted of 50 students derived from three groups (Table 1).  

 

Table 1 

Description of the sample. 

 Group A Group B Group C 
 

Number of 

students 

15 19 16 

 

Way they were 

taught 

Biotechnology 

Traditionally  Not at all Project (entitled: 

"Biotechnology: enemy or 

ally?") 

 

Duration         4 hours            Not at all 4 months approximately (3 

hours weekly) 

 

Development of 

argumentation 

skills  

Students were 

not taught 

argumentation 

skills. 

Students were 

not taught 

argumentation 

skills. 

Students were not taught 

argumentation skills, however 

during the Project, students 

worked in groups of 4, 

searched for information 

about the subject and finally 

presented their results in front 

of all students of 10th grade.  

    

 

All three groups completed anonymously in the presence of the researcher the same 

questionnaire consisting of 8 open-ended questions. The questionnaire followed the 

major axes of the Eurobarometer 2010 (genetically modified foods, applications of 

Biotechnology on health and the environment).  

 

e.g. “Your parents entrust you to buy vegetables that are necessary for your 

family for one week. You need potatoes, tomatoes, eggplant and lettuce. 

Going to the grocery store you realize that there are many options for all four 
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species. More specifically there are three different potatoes frames: one with 

the inscription "biological", one with the inscription "genetically modified" 

and one labeled "conventional farming". Which one would you prefer, if all 

of them have the same cost?” 

 

We gathered 376 statements from all three groups of students. 

The data we collected were assessed according to the quality of the argument. For this 

purpose we used:  

 a modified Osborne’s scale from Dawson and Venville (2009) based on the 

argument model of Toulmin (2003), in which we added one more level – level 5 – 

containing whatever level-4 consists of as well as additional rebuttal (statements that 

refute alternative or opposing claims, data and warrants), which could be detected in 

written (questionnaire in our case) but not in oral (e.g. oral interviews). 

 the informal reasoning patterns described in Sadler and Zeidler (2005a) to 

evaluate the informal reasoning. 

The assessment was made individually by each one of the authors and the initial rate 

of agreement regarding the arguments’ level and the informal reasoning was 98% and 

96% respectively which after extensive discussion was raised to 100% for both of 

cases ensuring the reliability of the results. The statistical package IBM SPSS 19 was 

used for the analysis. 

This research is part of a broader non-funded research that is currently carried out in 

Greece concerning students’ argumentation skills. 

 

 

RESULTS 

 
Table 2 and Table 3 present examples of students’ statements in each category and 

Figures 1 and 2 their distribution. Most arguments (61%)are classified as level-2 and 

most  students (55%) used intuitive informal reasoning followed by emotive (15%) 

and rational (11%) informal reasoning. As shown in Table 4 and Figure 3 students of 

group C (Project) gave more rational arguments than the other groups but these 

differences were not statistically significant.  
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Table 2 

Examples of students’ argumentation in each level. 

Levels of 

argumentation 

Examples 

Level 1 I would recommend him not to cultivate.(claim) 

Level 2 I think he would (claim)[try gene therapy] because 

continuous transfusions are exhausting.(data) 

Level 3 The most common option is biological products (data) as 

they are superior in quality (warrant). But by the time this 

propaganda for GM is unsubstantiated (qualifier), it plays no 

role what kind you choose (claim). Obviously, I will pick the 

most well formed tomatoes and more intense in color 

(claim). 

 Level 4 Treating diseases is for a good purpose (data) as people don’t 

die (warrant) even if it sacrifices some animal lives 

(backing). I would consider it [selling the goats for 

experiments] as a perspective for the future and I would sell 

the herd (claim) so as to counter the disease (qualifier). 

Level 5 I am in favor of gene therapy (claim), because it is more 

efficient as it gives solutions when classic Medicine cannot 

(data, warrant, backing). For example, if a person needs 

transplantation is easier and safer with this method (warrant). 

Moreover, there will be a lower percentage of organ rejection 

(qualifier) if it has been produced by its own tissue [the 

person’s who needs it] than by a stranger’s (rebuttal). 

 

 

 

Table 3  

Examples of students’ argumentation in each type of informal reasoning. 

Type of 

informal 

reasoning 

Examples 

Rational (R) 
 

I would prefer the biological ones [potatoes] as I don’t know 

what kind of gene is added in the genetically modified ones. 

Intuitive (I) 
 

I don’t think I would be influenced because we all know that 

generally in the marketplace there are plenty of genetically 

modified products. 

Emotive (E) No, I would not agree. Even if this therapy has positive 

results, I am totally against the use of animals in 

experiments to produce any product. 

NA It’ a smart idea. 
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Figure 1. Distribution of the arguments - expressed by all students - according to their 

level. 

 

 
 

Figure 2. Distribution of the arguments - expressed by all students - according to their 

type of informal reasoning. 

 

In order to classify the type of informal reasoning along with the level of each 

argument we designed a scatter plot based on Dawson and Venville (2009) (Figure 4). 

Arguments classified as level-2 mainly contain intuitive informal reasoning or a 
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combination of it, followed by arguments containing emotive informal reasoning or 

its combinations. The very few level-4 and level-5 arguments were rational and level-

3 arguments were based on rational informal reasoning or its combinations. 

 

 

Figure 3. Types of informal reasoning expressed in statements by each group of 

students. 

Table 4 

Distribution of the arguments expressed by each group of students according to their 

type of informal reasoning. 

*To illustrate the best possible potential differences between groups we sum all the 

arguments of the same type of informal reasoning (i.e. R + R / I + R / E + R / I / E) 

 

15,2 17,28 22,22 

60,8 62,96 59,26 
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Groups of students 

Emotional 

Intuitive 

Rational 

Frequency of statements 

 

Type of informal 

reasoning 

Group A 

(traditionally 

taught) 

Group B (not 

taught) 

Group C 

(Project) 

ΝΑ 5 7 3 

Rational (R) 9 15 18 

Intuitive (I) 56 82 68 

Emotive (E) 18 21 16 

R/I 8 11 7 

R/E 0 2 4 

I/E 10 9 4 

R/I/E 2 0 1 

Total 108  147 121 

TOTAL*    

Rational (R) 19 (15,2%) 28 (17,28%)  30 (22,22%) 

Intuitive (I) 76 (60,8%) 102 (62,96%) 80 (59,26%) 

Emotive (E) 30 (24%)  32 (19,75%) 25 (18,52%) 
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Figure 4. A scatter plot diagram of the relationship between the level of 

argumentation and the informal reasoning type of each statement (total 376 answers).             

○: represents 100 statements (•), ◌: represents 50 statements(•) 
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reasoning to express their arguments. The majority is based on intuitive type followed 

by emotive. Students of the third group gave more rational arguments but this 

difference was not statistically significant and could be due to the bigger duration of 
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noted that in this research we are only trying to have a first image of how Greek 

students – who are not taught any argumentation technique - manage socio-scientific 

issues. The main difference is that in our research level-4 and level-5 arguments 

included only rational informal reasoning, whereas Dawson and Venville (2009) 

located rational informal reasoning and its combinations in level -4 arguments and did 

not include a fifth level. 

Considering the factors that may have influenced our results these could be that: 

 The research was conducted at the end of the school year; therefore there 

might be a reduced disposal engagement.  

 Students of the Group C (Project team) could not be randomly selected 

because only those students had attended a project on Biotechnology. 

 Greek students are familiar mostly with the traditional way of teaching and the 

subject of the Project is completely new to Greek school. 

 In most Science classes no argumentation techniques are taught. 

 The knowledge background of Greek students in the field of Biotechnology is 

poor (Giasemis, 2011) and maybe could be blamed for their low 

argumentation skills.  

 

Greek students who participated in this study fail to argue a response to a question. 

Even when they do so, it is to a small degree, indicating a weakness in scientific 

reasoning. We suggest a more extended Project in the 10
th

 grade along with an 

emphasis in argumentation skills when teaching Science in Greece.   
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APPENDIX A: PROJECT GROUP PROGRAM 

 
Week  Activities 

1 Team meeting – forming groups of 4 – posters construction
1 

2 Contract – techniques of work (painting, internet search and sources’ 

evaluation, dairy
2
, e-mail, Moodle platform, group file) 

3 Brainstrorming. Internet search about Biotechnology  (all groups)  

4 Results’ presentation in plenary- evaluation. Define areas of work of each 

group 

5 Internet search (health, environment, industry, agriculture, farming) 

6 Visit the public Library, search the Press 

7 Visit the University and attend lecture (questions) 

8 Conclusion (Biotechnology enemy or ally?). Essay writing and dialogue in 

Moodle platform. 

9 Presentation in plenary – discussion 

10 Power point (ppt) construction 

11 Completion of the teacher’s questionnaire (for final evaluation of the 

Project) 

12 Rehearsal of final presentation to 10
th

 grade 

13 Final presentation  

 1: each group constructed a poster (on A3 paper using painting markers) to imprint 

the daily workpiece of the team (almost every week). 

2: each student kept a diary with the date, the workpiece of the group and the 

personal contribution to the group. 
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EDUCATION 
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¹ Federal University of Minas Gerais (UFMG), Faculty of Education, Brazil  
 

Abstract:  
This paper is drawn on a review of studies in science education discourse in order to 
make a clear position around the notions of dialogic teaching and dialogic discourse. 
Although it is rare in science classroom around the world, there is an increasing 
interest on this theme in studies of teaching and learning science in the classroom. In 
such review, we identified four different meanings for dialogic discourse and 
considered the presence of multiple points of view as the main issue concerned with 
dialogic classroom discourse. Such discourse may occur in a variety of forms 
depending on many factors such as: level of interanimation of ideas; level of 
interactiveness; distribution of power and control over the discourse; teacher and 
students positioning face to school content knowledge. Beside, we sustain that 
dialogic teaching involves necessarily shifts between dialogic and authoritative 
discourse, as two poles in dialectical tension. Considering the unbalance between 
these two poles, there is a concern about how to promote dialogic discourse in the 
science classroom. Therefore, we offer a review of teaching strategies used to 
promote dialogic discourse and also examine a teaching episode from one of our 
classroom studies in order to examine the challenges that science teachers face to 
promote effective dialogic discourse.  

Keywords: dialogism, dialogic teaching, classroom discourse.  

 
BACKGROUND AND FRAMEWORK 
There is an increasing interest in studies on classroom discourse to inform and analyse 
the process of teaching and learning science. The reason for that is a theoretical 
assumption that there is an intrinsic relation between language and thinking. 
According to the socio-cultural approach (Vygotsky, 1987) humans learn with the 
mediation of signs. Language is thus a system of signs that allows us to share a sense 
of the world with others and this process is achieved by joint participation on 
particular social activities (Bakhtin, 1986; Voloshinov, 1979). Thus, language is not a 
simple way of communicate to others but a means to create and share a sense of the 
world, a powerful system that allows us to think together.  Beside that, learning 
science implies learning the languages of science, which codes a specific worldview, 
related to the social practices of science in society (Lemke, 1990).  
So, it is clear the interest of science education researchers in contributing to the 
mastering of discursive practices, which allows teachers and students to seek a 
common knowledge based on science concepts. Instead of just claiming that language 
is a powerful meditational tool, this research agenda wants to accomplish which kind 
of classroom discourse favours the progressive appropriation by the students of 
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scientific concepts and the understanding of science as a cultural enterprise of 
producing and validating knowledge.  

Results from a range of countries show that even teachers involved with innovative 
teaching projects (inquiry-based, problem-based, project-based, argumentative 
teaching sequences, among others) and from a range of school levels (from primary to 
undergraduate courses) adopts mainly triadic interactions in whole class discussions 
(Wells, 2007; Mercer et al, 2009; Alozie, Moje & Krajcik, 2009). These paradoxical 
results reinforce the needs of reviewing the notion of dialogic teaching (Mortimer & 
Scott, 2003; Scott, Mortimer & Aguiar, 2006; Wells, 2007; O`Connor &  Michaels, 
2007; Foreman & Ford, 2011; Ford & Wargo, 2012; Lefstein, 2010; Wegerif, 2010).  

From a review of recent studies in classroom discourse and dialogic teaching and 
from a re-interpretation of some of ours own studies, this paper aims to discuss: 1. 
The concept of dialogic teaching and the many forms of its realization; 2. A range of 
teaching strategies used to promote dialogic teaching; 3. The challenges that science 
educators face to improve dialogic teaching and reasons why it is so unusual in 
science classrooms.  

What is such a thing called dialogic teaching?  
There are different approaches to address the problem of dialogism in school science. 
The first meaning is very popular among teachers and claims that dialogue is just 
teacher talk with the participation of students. However, classroom research considers 
this perspective as a naïve one and demonstrates that interactive discourse can be 
authoritative and non-interactive discourse can be dialogic (Mortimer & Scott, 2003).  
Other authors use capital letters to “Dialogue” as a dialogic stance and “dialogue” as 
changes in speech turns (Ford and Wargo, 2012).  
The second approach to dialogic teaching is derivate to the general notion of 
dialogism in Bakhtin (1986; Voloshinov, 1979). According to him, any utterance is a 
link in a chain of human communication. There is not a first word about any issue, 
and every utterance is a response to previous utterances and seeks an answer to them. 
It means that a true understand of a scientific idea demands dialogic relations with it. 
Based on that, Ford and Wargo (2012) suggest that the link between social interaction 
and dialogic understanding is unnecessary. “If dialogicality is considered as a feature 
of understanding rather than only a means of supporting it (i.e., dialogic instruction), 
then additional fruitful ways of supporting understanding might become 
conceivable”(Ford & Wargo, 2012, p. 370). The bakhtinian concept of responsivity, is 
also used by Wells (2007, p. 24) to define dialogic stance as the relationship in which 
the interlocutors perceive themselves to stand with respect to their addresses.  
Another perspective about dialogic teaching is based on the bakhtinian distinction 
between two different forms of discourse, one of them more open to divergent ideas – 
what Bakhtin (1986) called internally persuasive discourse and Mortimer & Scott 
reframed as dialogic discourse – and the other closed, expressing a single perspective 
and demanding its full acceptance (authoritative discourse). For Mortimer & Scott 
(2003) the basic feature of dialogic discourse in science classrooms is the 
consideration of students’ points of view, beside the scientific perspective. Dialogic 
discourse means, in such way, the encounter of different voices. Recent reviews on 
such issue (Ford & Wargo, 2012; O’Connor & Michaels, 2007; Wells, 2007, Wegerif, 
2010) emphasize the presence of multiple perspectives as the main feature 
distinguishing dialogic from authoritative teaching. The epistemological reasons for 
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the needs of divergent thinking in science education may include different 
perspectives, ranging from rationalism to multiculturalism. Based on rationalism, 
Forman and Ford (2011) claimed that scientific knowledge is the result of the 
identification of uncertainty sources and its removal by mutual criticism and work 
with evidences. In this way, the consideration of different points of views in science 
education must result in the acknowledgement of the superiority of the scientific 
perspective. In opposition to this, Wegerif sustain that “dialogic space is characterized 
by leaving behind narrow attachments and identities and becoming more open to 
otherness, where otherness is understood as that which does not fit into existing 
structures of thought and prejudices” (Wegerif, 2010, p. 319). In our perspective, the 
consideration of different points of view in the science classrooms is fundamental for 
making connections between scientific and everyday ways of thinking and talking 
(Mortimer & Scott, 2003). The scientific perspective is considered as a social 
construction among others (religious, esthetical, philosophical, practical), but a 
powerful one that has some specificity that must be acknowledged and experienced by 
the students (Mortimer, 1995).  

The fourth approach to dialogic discourse emphasises the distribution of power and 
control between teacher and students in conducting classrooms discussions. From this 
perspective, attention is to be put on the interactive patterns of discourse, ranging 
from triadic moves (IRE or IRF) to open discussions. In IRE patterns, the student’s 
participation is limited to briefly responses to the teacher’s questions, searching for 
the ‘right answer’. However, triadic patterns are not always closed to students’ views, 
as the third move from teacher may involve not just evaluative statements but 
encouraging feedbacks, supporting students participation (Wells, 1999; Mortimer & 
Machado, 2000; van Zee et al, 2001). Even then, the teacher is in control of the 
discourse. This means that teacher’s control may be not the main issue to be 
considered to address dialogic teaching. O’Connor and Michaels (2007) noted that 
whereas classroom interactions can be ideologically dialogic, in terms of considering 
multiple ideas and voices, it can be discursively monologic, in terms of teacher 
control. For them, it is important to note dialogic stances witch involves power and 
positioning from both students and teachers.  
Considering such debate we reinforce the presence of multiple points of view as the 
main issue concerned with dialogic classroom discourse. Although, we recognise that 
such discourse may occur in a variety of forms.  

Maeng and Kim (2011) proposed a multilevel framework to analyse the varieties of 
science classroom discourse and its evolution during a teaching sequence. They took 
three aspects into consideration: 1. Discourse participants (teacher and students or just 
the teacher); 2. Discourse initiative (open or controlled) and 3. Hierarchical relation 
(personal; positional or imperative). The consideration of these 3 levels allowed the 
authors to identify 6 varieties of classroom discourse as shown in Figure 1.  
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Figure 1. Triangular model for variation type of discourse language code, TMARC 
(Maemg & Kim, 2011, p. 438) 

 
The first dimension – discourse participant – is similar to the distinction between 
interactive and no-interactive dimension of classroom discourse (Mortimer and Scott, 
2003). The initiative dimension addresses empirically the distribution of power and 
control in the classrooms. The third dimension, the hierarchical one, follows the 
concept of positioning from Basil Bernstein work. For this author, students from 
lower social classes tend to use language as a repertory to rehearse the words of others 
instead of standing personally when faced to the teaching discourse. The advantage of 
this dimension is to consider sociological aspects to understand the varieties of 
discursive practices in schools and its consequences for the students. Unfortunately, 
the framework of Maeng and Kim (2011) does not consider the existence, or not, of 
multiple points of view, the main feature, in our opinion, for the basic distinction 
between dialogic and authoritative discourse.  
To understand why dialogic discourse is so rare in educational practices and for 
developing ways to improve the quality of classroom talk it is necessary to consider 
the culture and institution of schooling. About this issue, Lefstein (2010) claims: “I 
argue that idealistic models of dialogue are ultimately inimical to formal educational 
practice, and outline the issues confronting a situated model of dialogue, sensitive to 
the tensions inherent in dialogue interaction and appropriate to contemporary school 
contexts” (Lefstein, 2010, p. 170-1). According to the author, one of this tension 
occurs “between convergent and divergent forces in dialogue: on the one hand, 
dialogue is former aim at creating agreement between interlocutors; on the other hand 
its continuation is dependent on the persistence of difference” (p. 177). Beside that, 
the institution of schooling constrains the ways in which dialogue can be conducted in 
the classrooms. In schools, science teachers are always committed to the scientific 
perspective, or in other words, to the resolution of differences according to a certain 
position to the knowledge to be constructed.   
To be implemented in schools, dialogic teaching involves both authoritative and 
dialogic discourse. That is to say, “scientifically productive classroom dialogue 
requires instruction that not only liberates, but also constrains and guides” (Foreman 
& Ford, 2011, p. 4). These two forms of discourse are not mutually excludable, but 
complementary.  
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shows an example variation of science teaching modalities during four discourse episodes
in the conversation.

The shapes of the circles indicate the contexts of discourse episodes, which are proce-
dure ( ), detailing ( ), explanation ( ), and reporting ( ). The location of each circle
represents the discourse language code and the science teaching modality revealed in the in-
dividual discourse episode. In addition, the curved arrows graphically express the temporal
variation profiling of the discourse language codes and that of science teaching modalities
during the four discourse episodes, of which the temporal order was from 8th to 11th.

APPLICATION OF THE TMARC TO ANALYSIS
OF CLASSROOM PRACTICE

The methodology of the TMARC was applied to a case study of an actual science
classroom practice. In the case study, the linguistic features of a science classroom discourse

Science Education
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The tension which we refer to in this article develops as dialogic exploration of both everyday 
and scientific views requires resolution through authoritative guidance by the teacher. 
Conversely the tension develops as authoritative statements by the teacher demand dialogic 
exploration by students. So, both dialogicity and authoritativeness contain the seed of their 
opposite pole in the dimension, and in this way we see the dimension as tensioned and 
dialectic, rather than as being an exclusive dichotomy. (Scott, Mortimer & Aguiar, 2006, p. 
623).  

In conclusion, the main issue in studies on dialogic teaching is focus on the 
interactions between differences in meanings in the construction of knowledge. 
Crucial for that is the encounter between different cultures, mainly the culture of 
science, embodied in the social language of school science, and the everyday culture 
and its common knowledge. This encounter is not always soft and, in many cases, it 
demands strong ontological and epistemological ruptures. 

How to improve dialogic teaching?  
There are many body of evidence that there is an unbalance between dialogic and 
authoritative discourse in the science classroom. In this way, there is a need to review 
studies teaching strategies designed to improve dialogism in science classroom. We 
will organize such review in two large groups: teaching  strategies and discursive 
strategies.  

The stronger dialogic teaching design is related to inquiry-based teaching. According 
to Wells and Ball (2008, p. 270), “When students pursue investigations, they develop 
ideas and acquire information that they want to share and debate; at the same time, the 
problems they encounter call for the joint consideration of alternative possible 
solutions. In these circumstances, students have reason to learn the skills necessary for 
engaging in productive dialogue and, over time, they also develop the disposition to 
approach problem solving of all kinds in this way ”. 
In Brazil, inquiry-based teaching is not common due mainly to the pressure for results 
in large scales tests. Even when it comes, studies report difficulties in teachers’ 
practice to open the discussion for effective students support through debates. In the 
USA, where educational reforms aims at promoting inquiry-based teaching, there are 
evidences that teaching materials do not offer necessary support for teachers to 
change the way language is used in classrooms and to know how to move from 
students’ ideas to abstract scientific concepts (Alozie, Moje & Krajcik, 2009).   

For Scott & Amettler (2007) the interplay between everyday and science knowledge 
involves planning turning points between dialogic and authoritative discourses. The 
study of such turning points - how and when it happens - is considered as a crucial 
aspect to both understand and promote dialogic teaching (Scott, 2008; Scott, 
Mortimer & Amettler, 2011; Araújo, Mortimer & Aguiar, 2013).  
Mercer et al (2009) suggests preliminary discussions, called “talking points”, as a way 
to engage students in exploratory talk before the teacher introduce the science 
perspective on the issue. A crucial aspect of such design is the links between 
preliminary discussions and the following lessons of the teaching sequence. The 
classic study of Douglas Barnes (1976/1992, apud Barnes, 2008), From 
Communication to Curriculum, introduces the notion of exploratory talk, in 
opposition to presentational talk. According to the author, both types contribute to 
learning, but each one has a different function and place in a teaching sequence. 
According to Barnes, exploratory talk is “hesitant and incomplete because it enables 
the speaker to try out ideas to hear how they sound, to see what other make of them, 
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or arrange information and ideas into different patterns”(Barnes, 2008, p. 5).  The 
purpose of such preliminary dialogic discussions in the early stages of a new topic is 
to explore students’ views about the topic and to connect these views to the scientific 
perspective to be introduced (Mortimer & Scott, 2003).  

Nowadays teachers around the word are facing a dilemma between, from the one hand 
promoting meaningful learning and from the other, being sensitive to the pressure for 
results in assessments. These assessments always reduce the dialogic space available 
in the classroom, as the pressure is to prepare students to give the right answer and not 
to discuss and justify points of view. Beside this, curriculum is something that is 
generally extensive in most of the countries in the world and each new trend in 
curricula, instead of relieving this pressure, increasing it with new demands on 
teaching.   

Multiple points of view can emerge from students’ exploratory talk (e.g. Aguiar & 
Mortimer, 2005) or may be introduced by the teaching design. Ford & Wargo (2012) 
followed a teaching design in which it is proposed, from the beginning, the existence 
of multiple alternatives to explain biologic evolution. The students were then oriented 
to identify sources of uncertainty in each alternative and to examine them on the base 
of evidence and public debate, with the teacher’s guidance and control. Over the time, 
the authors reported a shift in classroom talk from primarily teacher-dominated to 
primarily student-dominated.  

Mercer et al (2009) advocates the need of a “talking agenda” where students and 
teacher talk about how to use language to improve learning.  In a similar way, 
Foreman & Ford (2011) considered crucial to the implementation of dialogic teaching 
previous lessons where students are introduced (in an authoritative way) to the norms 
of scientific argumentation.  
Among the discursive strategies to improve dialogism in science teaching, there are 
strong concerns about the type of teacher’s feedback. Many studies indicate the need 
of less evaluative statements from the teacher and more prompts and follow-up moves 
(Alozie et al, 2009; van Zee et al, 2001) in order to encourage students to come up 
with new ideas, clarify their positions and comment other’s points of view. O’Connor 
& Michaels (2007) suggest that revoicing may provide a collective memory for the 
class and provide additional ideas for the students. McNeill & Pimentel (2009) 
indicate that teacher’s type of questioning are crucial to make more dialogic whole 
class discussions. As does Mercer (2008), they also emphasize teacher’s comments to 
the students’ utterances, which allow the continuity of discourse and co-construction 
of knowledge.  

For many authors (Hardman, 2008; Mercer and Dawes, 2008) dialogic talks, in which 
students try out ideas and use language to think together, are more likely to occur in 
peer interactions and group work, free of teacher interventions. Wells and Ball (2008) 
suggest that given students time to prepare they thoughts about an issue or questions 
prior to a whole-class discussion greatly increases the diversity of contributions. 
However, as Barns warn, “successful group work requires preparation, guidance and 
supervisions and needs to be embedded in an extended sequence of work that includes 
other patterns of communication” (Barns, 2008, p. 7).  

In what follows we will select, from our studies in science classrooms, a teaching 
episode that illustrates the challenges faced by science teachers to implement dialogic 
teaching in their classrooms.  
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METHODS AND RESULTS 
Rising the effectiveness of dialogic discourse 
One of the reasons for the low frequency of dialogic approaches in science education 
is the pressure for fulfilling a wide range of scientific content and the limited time for 
doing this. Therefore, it seems important to emphasize the effect of dialogic 
approaches to relate everyday and scientific perspectives on the topics addressed in 
science classrooms. For this, one episode of a classroom study was  selected and 
examined in the light of the concept of exploratory talk (Barnes, 2008). The episode 
occurred in a teaching sequence about chemical transformations in a 8th Grade 
classroom (age 13-14). It was part of a larger study on chemical basic concepts 
development in science education (Silva, 2009; Silva and Aguiar, 2008).  

The research methodology involved the participation of the researcher in the context 
of teaching, systematic register of events in field notebook and video recording of all 
the lessons. From an overview of the sequence, through the construction of a “map of 
events”, some episodes were selected and transcribed for further analysis (Silva, 
2009). The criterion for such selection was the variation of the use of language as a 
tool for learning, by both the teacher and the students, considering the guided 
construction of scientific concepts in the classrooms (Mortimer & Scott, 2003). 
We present these data here in order to examine in detail what the teacher does, in 
innovative teaching environments, to increase the positive effects expected from 
dialogic approaches to enhance science learning.  

 

Episode: Professor, I think we do well to eat dirt 
The episode occurred in the 4th lesson of a teaching sequence called “Minerals and 
Life” in an 8th grade science classroom in a Brazilian private school. The teacher was 
selected due to his rich and wide teaching repertory and distinctive discursive 
interactions with the students. The students of this classroom had been mates for years 
and largely approved their science teacher style.  

In the lessons 1 and 2, the teacher opened the chapter discussing with the students 
minerals present in our bodies and showing the phosphorus cycle, represented by a 
diagram in the textbook. In the 3rd lesson, he oriented a group activity in which 
students were invited to analyse different food labels and then to answer to the 
following questions: 1. What is the composition of the product marked on the label? 
2. Verify if the label indicates the presence of carbohydrates, proteins, fats and 
vitamins, 3. Verify if the label indicates the presence of minerals such as calcium, 
iron, phosphorus, sodium and potassium; 4. Discuss with your colleagues: what are 
the roles of minerals in our body? 
The episode analysed refers to the collective discussion of that activity. This episode 
(lasting 8 min and 30 s) begins with a student's comment just after the mention of iron 
in food and in our blood.  

1. Raf: Teacher/ I think that eating dirt is good ((many speak at once, but the student's 
speech stands out among the others)) 

2. T: Let's explore this idea / I think in the last class /I have said something like / minerals 
make up the soil / didn’t I? 

3. Sts: Yes. 
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4. T:  So, the idea of Rafael is not too bad / is that / if we eat dirt should we solve our need 
for minerals? ((Students laugh)) 

5. St?: I have eaten earth. ((inaudible, several students speak at once)) 
6. T: What are you talking about / the micro-organisms that are in the soil / that the 

bacteria can harm? But is that all?/ it is just like this / if I eat dirt / Do I solve my 
problem with minerals? 

(...) 
16. T: If I eat a bit of a chair leg ((he raises a chair indicating its iron leg)) I solve my 

problem of iron? 
17. St?: No!! It has to be in edible form. 
18. T: In edible form? Explains this. 
19. Ra: If you / make a powder from that / and eat / it will not be so hard. 
20. T:  Ahhh! If I scrape this leg here ((showing the table leg to the students)) and eat this 

scraped (1s) What do you think? This iron here / did not / come out of the earth? ((the 
teacher shows again the foot of the table)) 

21. St?: I don’t think so. 
22. T: What do you think? This iron / came out of the earth or not? 
23. St?: Yes it does! From where does it came instead? 
(...) 
27. T: Microwave popcorn? Black beans? But does this iron that is in beans or popcorn is 

different from this iron here? ((he shows again the foot of the table)) 
28. St?: ((Inaudible, many students try to answer)) 
29. T: Do you think / is it the same iron? 
30. Ra: Yes, it is / but I think // it is there / in a lesser amount 
31.  T: Ok / it is in a lesser amount / Lots of questions and a few answers / right? 
32. Lu: From where does this iron here come? The iron is from food. ((showing the 

notebook in which she made notes of food labels)) 
33. T: Let's try to answer the question / of Luana 
34. Sam: From corn 
35. Lu: I'm not talking about / not only popcorn /because there are other foods / with iron 

((a pupil speaks to Sam)) 
36. St?: So / from the ground. 
37. Sam: Corn was born / on the earth ... 
38. Lu: How the iron should be born from the earth / whatever 
39. Sam: It comes from the dead animal /that falls/ to the ground ((some students laugh)) 
40. T: Iron has a cycle / similar to that of phosphorus / do you remember? So / it is present 

in the soil / around / and the plant take it / this iron will stop there on corn / grain of 
corn turns popcorn / and then Luana will eat popcorn// so the iron becomes part of 
Luana 

42. St?: then Luana dead and ... ((laughers)) 
43. T: It's a way /of iron returning to the soil. 
45. Lu: But what the iron is? I don’t know / a powder?/ A bit of liquid?  
 

Instead of examining, turn to turn, the teachers’ and students’ interventions, we want 
to highlight here the general characteristics of this teaching episode and the 
relationship between this preliminary discussion and the subsequent development of 
content in the following lessons.  
The episode begins with a student question that sounds like a joke, but the teacher 
considers it as pertinent to the teaching content and returns revoicing it to the whole 
class. Doing that, the teacher is addressing the central issue of the teaching sequence: 
how do minerals come to be part of living beings?  
In the following discussion, the students are working on understanding in the sense 
used by Douglas Barnes (2008): they are reshaping old knowledge in the light of new 
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ways for seeing things. There are some differences in the perspective of the students 
and of the teacher. While the students questions and answers seems to address a 
natural curiosity about themes of interest, the teacher’s interventions seek to organize 
the participation of students and especially to avoid that the main question be lost. 
According to Barnes, “fundamental for this is the idea of ‘trying out’ new ways of 
thinking and understanding some aspect of the world, this trying out enables us to see 
how far a new idea will take us, what it will or will not explain, where it contradicts 
our other beliefs, and where it opens upon new possibilities”  (Barnes, 2008, p. 7).  

We can also identify in this episode various qualities of what is called exploratory talk 
in the educational literature (Barnes, 2008; Alexander, 2004): it is collective (teachers 
and students address the topic together); reciprocal (teacher and students listen to 
each other to share ideas and consider alternative viewpoints); supportive (students 
articulate their ideas freely without fear or embarrassment over ‘wrong’ or even 
bizarre ideas, such as eating dirt, to reach common understandings); cumulative 
(teacher and students build on their own and each other’s ideas to chain it into 
coherent lines of thinking and questioning) and purposeful (teachers plan and 
facilitate dialogic teaching with educational goals in mind) (Alexander, 2004; 
Hardman, 2008).  

However, many of these aspects are in potential conflict with the others: reciprocity 
means equality or symmetrical relationships, but the teacher is expected to guarantee 
cumulative and purposeful quality to the talk. The exploratory talk is supposed to be 
supportive, but the teacher must provoke students to justify and re-consider, sooner or 
later, some of their beliefs. The idea of reciprocity in dialogue must be relativized in 
the context of schooling (Lefstein, 2008). In such context, complete reciprocity, in 
which ‘what we expect of others we must expect of ourselves’ is impossibility and 
epistemological openness is threatened.  

Beside that, dialogues involve risks and unpredictable results, not just for the teacher, 
as well for the students (Lefstein, 2008). Rafael took the risk to be considered fool by 
the others with his bizarre story of eating dirt. The teacher assumes the risk to follow 
up this idea and to connect it into the content to be taught. The talk ended with an 
open agenda: what are the nature of such entities, called minerals (iron, for instance), 
which moves from place to place composing materials and things?  

Thus, when considered in the light of the whole teaching sequence to which it 
belongs, the episode reveals the complementarity between dialogic and authoritative 
discourse, as poles in dialectic tension. The teacher begins the topic with some 
questions about minerals and life and with the lecture of a diagram representing 
phosphorus cycle in nature. Later, when the students were faced to the question of 
how the iron comes to be part of food supplies (raised by Luana, turn 32), they were 
able to use tentatively ideas already available in the classroom, although not yet 
understood by them (turns 34 to 44). We must have in mind not just the power of such 
discourse, but also its constraints. The dialogic and exploratory discourse transcript 
above fits well the introduction of problems and questions to be solved, and also the 
raising of possible rotes for its exploration. Nevertheless, it is not sufficient to find a 
solution that, based on the available scientific knowledge, can be considered as a 
common knowledge to be pursued in the science classroom. For such, we should 
follow this teacher alternating dialogic and authoritative discourse in the following 
steps of the teaching sequence: introducing the periodic table of chemical elements, 
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drawing the distinction between chemical elements and substances and using these 
ideas to address the scientific model for chemical reactions.  

It is worth noting that the exploratory discourse takes place here immersed in an 
activity and followed a task previously performed by the students. As Wells and Ball 
(2008, p. 170) suggest, productive dialogue does not happen independent of the 
activity and activity goals it mediates. In the previous lesson, the teacher had directed 
work in groups with food labels and asked the students, in a homework activity, to 
consult other labels to identify the presence of different minerals in foods. In this 
sense, the students had things to say and questions to ask about the topic. According 
to the authors, “action is a critical precondition for participation in exploratory talk 
because discourse is not an end in itself but always serves some purpose” (Wells and 
Ball, 2008, p. 183).  

CONCLUSIONS 
Based on this review, there is a clear need of more studies in dialogic talk at the end 
of a teaching sequence, when the students, working together, take the responsibility to 
use the scientific perspective to construct an explanation to novel problems. It is also 
necessary to develop teaching sequences that use different strategies to link scientific 
and everyday points of view, highlighting the discursive strategies and 
communicative approaches to be used along the activities.   

Socio-cultural approaches in education means to work in the tension between 
construction and instruction, discovery and invention, freedom to explore and 
guidelines to follow up. Dialogic teaching may involves moves between these two 
types of discourses, dialogic and authoritative, to allow the active reconstruction of 
existing knowledge.   
Nowadays, the challenge is how to incline this balance to the dialogic side. We 
believe that we have many means to do this: we can prepare teachers to do dialogic 
discourse in classrooms (see one of the papers in this symposium); design teaching 
sequences in which the students should consider different alternatives to explain a 
phenomenon; providing links between phases and activities along a teaching 
sequence; preparing teachers to give feedbacks and prompts that guide the 
participation of students in dialogic discourse; and to be conscious of the need to talk 
about ways of talking in classrooms. Beside that, there is a need to improve the 
effectiveness and impact of dialogic discourse in teaching sequences.  

Instead of listing ideal features of dialogic discourse or dialogic space, we should 
understand that dialogue in school is driven and bounded by pre-determined curricular 
content and objectives (Lifestein, 2010). It is a clear boundary for those who think 
about dialogue as completely open space for joint construction. In the other side, 
science education has no meaning for students and citizens if there is no interchange 
and communication between everyday and scientific domains.  
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Abstract (1): Discourse analysis of university chemistry teachers is recently included 

in science education research. Therefore, teachers’ discursive practices in a first 

course were analysed in this work. The focus was on speech acts and their patterns 

related with teachers’ conception about teaching and strategies used in class. Selected 

episodes about certain organic chemistry topics (structure of aromatic compounds, 

aromatic electrophilic substitution reaction) of five university teachers were analysed. 

The results showed that differences in the type of speech acts were found among 

expert and novice teachers, probably related with differences in their pedagogical 

content knowledge in use. Topic of subject matter also made a difference to choose a 

particular speech act by the teachers. Discourse analyses have showed to be a potent 

instrument to study teaching practices at university. This kind of research is very 

important in order to increase our knowledge about teaching practices at university 

and especially in science education 

Keywords: Chemistry, Classroom Discourse, Teaching Practices, University. 

 

INTRODUCTION: WORDS AT UNIVERSITY CLASSES 

In order to promote science learning and to improve teaching strategies as well 

university teachers’ pedagogical training is necessary to foster in knowledge about 

university practices. Albeit its significance, investigations that examine university 

teachers’ discourses are far to be sufficient. This work is consequently an important 

contribution to the field of high level chemistry education. 

Therefore, the aim of this research was to analyse organic chemistry teachers’ 

discourse focused on their speech acts and their conversational goals for gathering 

their teaching theories in use. In a particular way, the results of this work will be 

useful per se. But the outcomes will also allow the comparison with learning 

difficulties opening a door for future investigations, to grasp a broader glance about 

university science classes. 
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In other way, this study  addresses on a scientific discipline, Organic Chemistry, that 

have proved to be an obstacle for the great majority of students everywhere, probably 

due to its representational character (Pozo & Lorenzo, 2009, Wu, Krajcik & Soloway, 

2001); for which, we have already shown that teachers’ explanations can influence 

students’ understanding (Lorenzo, Salerno, & Blanco, 2009).  

 

RATIONALE 

Oral discourse has been described as a language-in-action assembled in a dynamic 

and intentional way by coherently sequenced statements (Martínez-Otero, 2004). At 

university classes, descriptions and conceptualizations are included in teachers’ 

speech that simultaneously stands for a radically asymmetric communicative act. In 

addition, educational discourse can be conceived as an interactive process between 

previous explanations and new information introduced in class (Sánchez, Rosales, 

Cañedo & Conde, 1994).  

All the time, language is used to communicate information and, it is also employed to 

perform actions with words. Those actions have been designated by Austin (1962) as 

illocutionary or speech acts. He described them as utterances which have a certain 

(conventional) force or illocutionary force. When a teacher selects some particular 

words to say to their students (v.g. aromatic compounds have some peculiar 

characteristics) he/she is not telling a story, he/she is uttering the content of the 

statement. It is to say that teachers use speech acts to manage their classes, guiding 

and regulating students’ learning. If we could identify speech acts in teachers’ 

discourse we thus will be able to comprehend teacher’s intentionality.  

In the Argentinean context, de la Cruz and her team (2000) have analysed the 

discourse of several university teachers of varied fields of knowledge, and recognized 

typical speech acts in all of them: to inform, relate, synthesise, argue, suggest, clarify, 

elaborate, found on, inquire into, corroborate, correct, order, reformulate, approve, 

and qualify.  In this work they use the Van Dijk (1996) approach to identify the 

illocutionary force in a group of sentences or ordered sequences of speech acts named 

macro-speech act. 

They distinguished different patterns of speech acts related with teaching and 

particular teaching strategies conceptions. In this sense, diverse teaching ways have 

different communication goals and have consequently different types of speech acts.  

In a wide manner, there are four general ways of using language; so, there are four 

general categories of illocutionary force (Searle, 1979, Searle & Vanderveken, 1985): 

 Assertives (informatives): The purpose of this class of speech acts is to commit the 

speaker to the truth of the expressed utterance. In educative context, the teachers 

use them when they explain a concept. Therefore, their identification allows the 

description of teachers’ explanations.   
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 Commisives: Their purpose is to commit the speaker (teacher) to some future 

course of action. They appear when the teacher anticipates what he/she will do in 

the next minutes or in following sessions. 

 Directives: They are attempts by the speaker (teacher) to get the hearer (students) 

to do something. So they are related with classroom asymmetry. 

 Expressives: They enlighten the psychological state of the speaker (teacher) that is 

relevant to the hearer (students). Teachers use expressive speech acts when they 

feedback or grade students’ answers. 

Traditional teaching conceptions spend descriptive discourses mainly constituted by 

assertive speech acts. This goal is consistent with a teacher centre education and 

unidirectional communication. There is a word-to-world direction and the speech acts 

are used for describing things in the world. In the other hand, if teaching is conceived 

as a meaning negotiation, the communicational goal is mainly deliberative. In this 

case, more directive speech acts are employed in order to get active student 

engagement in learning (Vanderveken, 2011). 

In this setting, the purpose of this work was to identify the speech acts and their 

patterns to recognize teachers’ theories about teaching in actual practices and 

strategies used in organic chemistry classes. 

 

METHOD 

Teachers’ discursive practices in university were investigated. Multiple-case study 

design and sociolinguistic tools were applied within a social constructivist framework 

to analyse speech acts and their pattern. 

The analysed lectures were mandatory lessons for freshmen of a first course of 

organic chemistry at the Buenos Aires University, School of Pharmacy and 

Biochemistry (www.ffyb.uba.ar). This course is similar to other typical introductory 

organic chemistry courses (Hassan, Hill, & Reid, 2004). Around nine hundred 

students attend the course every year. They are often divided into twelve to fourteen 

groups of class that are taught simultaneously in three shifts (morning, afternoon, and 

evening) throughout the week. It is a weekly four-hour module. There is one teacher 

in charge of around eighty students and around one and three teacher-assistants. All 

the students have the same study guide book, follow the same syllabus and do the 

same final exam. The classroom is usually a lecture hall with fixed wooden benches. 

Also, there is a podium for the teacher in front of the class.  

We conducted non participant observations and recorded the same class of five 

different teachers during 2007 (Table 1).  

The recorded classes were transcribed into an electronic format and augmented with 

the information obtained from non-participant observations. In order to control the 
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content variable, the same syllabus point was covered in the five classes observed: 

‘Aromatic compounds’, in the middle of the semester. 

 

Table 1 

Teachers’ profile 

Teacher T1 T2 T3 T4 T5 

Teacher experience (years) 33 28 4 4 0 

Teacher training yes yes 
in 

progress 
no no 

 

Sample finally consists in selected episodes of five discourse transcriptions 

corresponding to whole sessions of the specific topics: structure of aromatic 

compounds and aromatic electrophilic substitution reaction.  

Subsequently, speech acts were identified. It was checked in an iterative way until the 

final version was ready. The transcriptions were analysed by two researchers. 

Decisions were taken by consensus. 

 

RESULTS 

The studied episodes presented a broad variety of speech acts as we resume in Table 

2. They were found in all teachers’ discourses. 

 

Table 2 

Types of Speech acts 

Speech acts Description 

Assertives 

Evoke Enunciate knowledge that must be known by students. 

Inform 
Develop a content area affirming, describing and/or 

narrating. 

Elaborate 
Present additional information with regard to previous 

one said by either the teacher or a student. 

Synthesise 
Summarize presented or communicated information by 

the teacher there or in previous classes. 

Repeat 
Reiterate what was said or done by a student expressing 

agreement. 

Give Illustrate with cases. 
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examples 

Argue 
Conclude from data through justifications from scientific 

knowledge (Jiménez-Alexaindre & Erduran, 2007). 

Reformulate 
Support the formulation in a statement of a student but 

introducing changes that shifting the meaning. 

Compare 

Examine or analyse two or more objects to discover their 

differences or similarities (The use of analogies are 

included in this speech act). 

Answer Reply to questions from students. 

Commisives Anticipate 
Announce what will be done in class, either immediate or 

after class time. 

Directives 

Inquire into Find out prior knowledge on the subject. 

Guide Orient the direction of thought. 

Evaluate Check student learning on the topic is developing. 

Corroborate 
Check whether students understand or comprehend what 

was said. 

Attract 

attention 
Stress that some content to spark interest in students. 

Order Tell the student to do something. 

Ask 
Request information not known or that could not be 

heard well. 

Advise 
Recommend something that will be beneficial for 

learning certain subject. 

Expressives Qualify Assigning a value to what was said by the students. 

 

It is interest to remark that the majority of the teachers displayed more speech acts in 

order to teach mechanism reaction than structure of aromatic compounds (Table 3). 

This should demonstrate that use of particular speech act depends on the subject-

matter. 

About assertive speech acts, there also were differences in its quality. In order to 

explain the topic structure, T1, T2 and, T5 mainly used descriptions, while T3 and T4 

also include narrative discourse and anthropomorphic language (Treagust, 

Chittleborough, & Mamiala, 2003).  
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Table 3  

Speech acts identified in each episode of teachers’ discourse. (S: structure of 

aromatic compounds, R: electrophilic aromatic substitution)  

Speech acts 
T1 T2 T3 T4 T5 

S R S R S R S R S R 

Assertives 

Evoke x x   x x x x x  

Inform x x x x x x x x x x 

Elaborate x x x x x x x x x x 

Synthesise x x  x   x    

Repeat x x x x x x x x x x 

Give examples x  x  x x x x   

Argue x x  x   x x  x 

Reformulate     x x     

Compare  x  x   x x  x 

Answer  x    x x x   

Commisives Anticipate x x x x x x x x x x 

Directives 

Inquire into  x x x x  x x x x 

Guide  x  x x  x x  x 

Evaluate  x  x  x x x x x 

Corroborate x x  x x x x x x x 

Attract attention x x  x  x x    

Order x x x    x x   

Ask  x     x x   

Advise  x   x  x  x x 

Expressives Qualify   x  x  x x  x 

 

For electrophilic aromatics substitution narrative discourse and anthropomorphic 

language gained space in class, especially in T3’s. 

T3: “Because, if I have an aromatic ring, that is very stable, he
ii
 doesn’t want to lose 

his aromaticity and his stability, OK?” 

In this case, teachers also employed comparisons to point out differences and 

similarities between electrophilic aromatic substitution and electrophilic addition. The 

use of analogies was only detected in T4’s episodes for both topics. 
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Argumentation was applied in the first topic to justify the distinction between benzene 

and ciclohexatriene or the cause of the electronic delocalization. In the second topic, 

argumentation was also used to justify different aspects such as: 

a) Reactivity of aromatic compounds with electrophilic reactants  (T1, T4):  

T4: “We have said and I got tired of saying that... that benzene has that cloud of 

electrons above and below, which makes it reacts very easily with whom? With an 

electrophile, someone who likes electrons. And, all this cloud of electrons will tend to 

react, all right? With the electrophile, OK? And that will give a substitution product, 

then, what kind of reaction will the aromatic groups, benzene and all its derivatives 

give? Electrophilic aromatic substitution, aromatic because it occurs on the aromatic 

ring, OK?" 

b) Non-aromatic characteristics of the intermediate of the reaction: 

T1: "So, the carbocation is cyclical but is not flat. This means that the closed π 

electron shell disappeared. One of the three conditions for a compound to be 

aromatic is not satisfied. And neither fulfilled Hückel, because now, if we do 4 n + 2, 

will it be the same now? How many π electrons does it have? How many electrons in 

π does the carbocation have?” 

Students: “Four” 

T1: "Four, a π pair disappeared, right? If you do the calculation you will see that n is 

not an integer, n becomes fractional. So the condition that I have to have a closed π 

electron layer is not fulfilled, because the carbocation is no longer flat, and besides, 

the Hückel rule is not satisfied. " 

c) The reasons of substitution opposed to addition reaction. 

T2: "So if I use  electrons for an addition reaction, what I do is to discontinue, mh? 

the… uh… the possibility of movement of those electrons. Therefore, it will lose its 

delocalization capacity, that is, it will lose its aromatic status, mh? So, what the 

molecule tends is to change any of its atoms, mh?... of the atoms attached to the ring, 

but it does not add, instead it substitutes." 

So, we observed that communicative goal depends on particular subject topic to teach. 

To communicate aromatic compounds characteristics a descriptive goal was the 

preferred; instead to communicate electrophilic aromatic substitution a deliberative 

goal predominates. Thus, in general, the teachers gave priority to negotiate meanings 

while teaching the second topic. This would evidence that pedagogical content 

knowledge (PCK) in use (Lorenzo & Farré, 2009) of experienced teachers orients 

them to employ a grater variety of strategies to communicate and to discuss 

mechanism. It is to say that they have a selective and strategic use of their speech acts 

for teaching according to their knowledge about particular characteristics of subject 

matter topic. However, novice teachers showed a different behaviour.  

In this regard, identified speech acts in expert and novice teachers’ discourse were not 

the same. Important differences were particularly found between T1 (experienced) 
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and T4 (novice). Table 4 shows the characteristics of each teacher’s theory of 

teaching in use. 

 

Table 4 

Teacher’s theory of teaching in use. 

       Topic 

Teacher 
Structure of organic compounds 

Aromatic electrophilic 

substitution mechanism 

T1 

She mainly uses informative 

speech acts. 

Descriptive communicative 

objective.  

Traditional teaching model. 

Deliberative communicative 

objective. 

Next to constructivist teaching 

model considering the shared 

knowledge. 

T2 

She use informative speech acts; 

but, she recovers previous 

knowledge using dialogue. 

Similar to T1 

T3 

She is next to deliberative 

communicative objective. 

Meaning sharing. 

She changes to a more traditional 

teaching model. 

She includes more variety of 

informative speech acts. 

T4 

She uses informative speech acts, 

assess students’ knowledge and 

facilitate clues to her students. 

Constructivist teaching model. 

She uses a deliberative 

communicative objective and a 

constructivist teaching model. 

T5 
She is between a traditional and 

constructivist teaching model. 

She is consistent with her teaching 

model for both ideas. 

She gives clues to her students to 

help them with rationale. 

 

CONCLUSIONS AND IMPLICATIONS 

This work allow us arriving several conclusions about a vary features of the realm. 

First, methodological aspect has been well established and discourse analysis is a 

potent instrument to study teaching practices at university. It is a very significant data 

because of the natural resistance of faculties and scholars of science to participate in 

educative researches. 

Secondly, this investigation threw out relevant data in order to detect specific 

characteristic of teachers’ speech acts in class nevertheless the same syllabus was 

used. The outcomes have shown there are at least two variables that influence on the 

speech acts: specific subject matter topics and teacher experience. 
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Thirdly, new enquiries emerge and they therefore impulse to keep on this road of 

investigation. In this particular case, teacher pedagogical training effect in class 

cannot be confirmed because teachers without it have showed to hold a more 

constructivist teaching model. Consequently, new questions arise about this 

difference: are experienced teachers decisions about using or not some teaching 

strategies related with their PCK? With which domains of PCK? Perhaps, context 

knowledge has a greater influence on the communicative goal selection and 

afterwards, in teaching theory in use, than teacher training.  

In summary, discourse analysis has shown remarkable applications for science 

education’s research. Although this methodology has difficulties and complexity, it 

has very good prospects. This kind of research is very important in order to increase 

our knowledge about teaching practices at the new and more inclusive university and 

particularly in science education.  
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NOTES 

1. A shorter version of this work was presented in ESERA Conference 2013 entitled: 

How to teach organic chemistry in university with words? 

2. In Spanish doesn’t exist the impersonal form it or its, so anthropomorphic language 

is even more evident. 
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HOW CONCEPT CARTOONS STIMULATE SMALL-
GROUP DISCOURSE IN UPPER SECONDARY 

CHEMISTRY CLASSES 

Rosina Steininger  
Austrian Educational Competence Centre Chemistry, University of Vienna 
 
Abstract: Students need to have the opportunity to engage in scientific argumentation 
and discourse in order to enhance their conceptual understanding, critical thinking and 
scientific reasoning. These opportunities are rare in traditional science classes, 
because teachers often do not know how to design an appropriate learning 
environment. Concept Cartoons are teaching tools that can be used for that purpose. 
Most studies on Concept Cartoons have been carried out either in primary school or in 
pre-service teacher training. The vast majority of the studies used data collected 
through questionnaires, interviews and observation.  

This study intends to close a gap by investigating how upper secondary students in 
chemistry classes engage in group discussions stimulated by Concept Cartoons. 
Furthermore, it primarily uses the recordings of the students’ group discussions as a 
data source with the objective of gaining deeper insight into student interaction. It is 
part of a two-year collaborative, third party funded developmental research project 
with three chemistry teachers and their students (10th to 12th grade, aged 15-18 years, 
N=76). The transcripts are interpreted using the grounded theory approach (Charmaz, 
2006; Corbin & Strauss, 1990).  

The findings of the analysis suggest that generally the students of this age group 
participate willingly in the discourse stimulated by the use of a Concept Cartoon but 
only occasionally support their claims with reasons or evidence. They appear neither 
to be experienced in constructing a valid argument nor seeing the need of doing so. 
The differences observed in the degree of engagement are related to the students’ 
conceptions of learning, the interaction of the group members and the classroom 
culture. 

The results gained shall be used to better understand what actually happens during 
students’ group work in order to further develop the Concept Cartoons and their 
implementation in class. 

Keywords: small-group discourse, chemistry education, Concept Cartoons 

 
THEORETICAL BACKGROUND 
Discourse and argumentation has become an important subject in science education 
research as fostering the students´ abilities in this domain is considered an important 
educational objective. (Bricker & Bell, 2012; Ford, 2008; Jiménez-Aleixandre, 2007; 
Kuhn, Wang, & Li, 2011; Michaels, O’Connor, & Resnick, 2008; Sampson & Clark, 
2009; Sandoval, 2003; Simon & Richardson, 2009). There are several issues the 
authors agree upon. First, there is a close relationship between thinking and speaking, 
respectively between communication and learning. Thus students need to have the 
opportunity to engage in arguments and discourse in order to enhance their conceptual 
understanding, critical thinking and scientific reasoning (scientific literacy). Second, 
argumentation is an integral part of science. Therefore learning argumentation in a 
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scientific context helps students to evolve an appropriate understanding of natural 
sciences, to grow into the practices of the scientific culture and to develop epistemic 
criteria for knowledge evaluation. Third, these competencies are relevant for 
democratic participation as well as for dealing with challenges in everyday life. 

However, the opportunities to engage in discourse are rare in traditional science 
classes because teachers often either do not see the need or do not know how to 
design an appropriate learning environment (Driver, Newton, & Osborne, 2000; 
Duschl & Osborne, 2002; Lemke, 1989; Osborne, Erduran, & Simon, 2004). Using 
Concept Cartoons is one particularly promising way to promote students’ 
argumentation in the science class. 

First created by Keogh and Naylor (1999), Concept Cartoons show people in 
everyday situations discussing a scientific topic. Both scientifically acceptable 
viewpoints and misconceptions are shown within speech balloons (see figure 1).  

 
Figure 1. Concept Cartoon created by Steininger; designed to (a) repeat basic 
concepts of the transformation of state of matter, of chemical transformation and of 
thermochemistry and to (b) begin the study of organic chemistry with hydrocarbons 
(Steininger & Lembens, 2013). 
The students are asked to comment on these statements and to use their existing 
knowledge to describe their own assumptions regarding the main question of the 
cartoon. The format of the cartoon, the statements in each speech balloon, and the 
reference to everyday life all help the students to overcome their inhibitions and to 
join in the discussion shown in the Concept Cartoon. Concept Cartoons thus provide a 
stimulus for discourse and argumentation to students of all abilities because they 
prompt students´ conceptions. 

Researchers agree with the potential benefits of Concept Cartoons and that students as 
well as teachers respond positively to them (Chin & Teou, 2009; De Lange, 2009; 
Naylor, Keogh, & Downing, 2007). Most studies have been carried out either in 
primary school or in pre-service teacher training and have primarily used data 
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collected through questionnaires, interviews or observation. Research in upper 
secondary schools is highly limited, as is research based upon data drawn from audio 
and video recordings of the students´ discussions.  

 
PURPOSE AND RESEARCH QUESTIONS 
The objective of this study is to scrutinize how secondary students in chemistry 
classes engage in small-group discussions stimulated by Concept Cartoons and to thus 
close the research gap described above.  

The research questions are: 

• How do students in upper secondary chemistry classes reason and argue during 
the small-group discussions launched by Concept Cartoons? 

• How do students involve—in the task of discussion—the question raised in the 
Concept Cartoon? 

The results gained shall be used to better understand what actually happens during 
students’ group work in order to further develop the Concept Cartoons and their 
implementation in class with the objective of fostering students´ reasoning skills. 

 
RESEARCH DESIGN AND METHODS 
The study was carried out in cooperation with three chemistry teachers at secondary 
schools in Vienna and Graz (Austria) and their students (10th to 12th grade, aged 15-18 
years, N= 76) over a period of two years. It was funded by the Austrian Federal 
Ministry for Science and Research (bmwf) (Contract no. SPA/03-124)1. 

Concept Cartoons were designed in accordance with the chemistry curriculum and 
took up amongst others the following topics: properties of diamond and graphite, 
combustion of gasoline, and acidification in wine. They were all implemented at the 
beginning of new teaching units to challenge students´ conception, to enhance their 
curiosity and to thus provide a starting point for further knowledge acquisition. Two 
groups of four students were video recorded in each of the participating classes in 
autumn 2010 and spring 2012. The small-group discussions took 10 to 15 minutes 
each, were all transcribed and covered. For the purpose of triangulation the students 
were additionally asked to fill in an open questionnaire on their experiences when 
working with Concept Cartoons. This paper will concentrate on the findings of the 
small-group discussions. 

The data has been and will be interpreted using the grounded theory approach 
(Charmaz, 2006; Corbin & Strauss, 1990). This approach is adequate to the 
explorative character of the study and allows accounting for the complexity of the 
social interaction during the small-group discussions. 

 
RESULTS 
The results presented in the following section are based on the analysis of seven group 
discussions. The two categories that emerged from the data as being salient are 
“student´s reasoning” and “student´s involvement”. The findings indicate the 
                                                 
1 http://www.sparklingscience.at/en/projekte/505-verstehendes-lernen-durch-concept-cartoons 
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following: (1) The students spend most of the time on reasoning about the question 
posed in the Concept Cartoons and only occasionally justify their claims with 
evidence. (2) The students´ involvement in the task varies due to individual as well as 
group characteristics. 

Table 1 and 2 show two examples of excerpts of discussions recorded at different 
schools, both using the Concept Cartoon shown in figure 1. The teachers´ intentions in 
both classes (11th, resp. 12th grade) were to repeat basic concepts of the transformation 
of state of matter, of chemical transformation and of thermochemistry, as well as to 
initiate the study of organic chemistry with hydrocarbons at the beginning of the 
second year of chemistry education in upper secondary school. The examples are 
meant to provide insight into the data but cannot demonstrate all the findings. The 
codes listed on the right hand side represent assorted samples. 

 
Students´ reasoning 
Various frameworks, schemes and tools can be found in the literature to assess the 
quality of arguments in science education (e.g. Erduran, Simon, & Osborne, 2004; 
Sampson, Enderle, & Walker, 2012; Simon, 2008). The most prominent is Toulmin´s 
argument pattern. These frameworks turned out to be inappropriate for the present 
study for various reasons. Firstly, the students often grope for words and interrupt 
each other so that their utterances are fragmented and overlap. And secondly, even 
more important, the frameworks fall short on capturing the group dynamics, which 
proved to be of major influence on the discourse. As a consequence the student’s 
chains of reasoning will not be evaluated according to different levels. Rather the way 
the students interact while reasoning shall be described. 

The fast majority of the students comment willingly on the statements within the 
speech balloons and communicate their own (alternative) conceptions. They assemble 
their existing experiences and knowledge in order to find an answer to the question 
posed in the Concept Cartoon (see Table 1).  

 

Table 1 

Excerpt from a conceptually rich small-group discussion stimulated by the Concept 
Cartoon show in Fig. 1; 11th Grade - School A –Group 2- 00:40-02:20 
Translation from German (< indicates overlapping sequences) 

1 S2: It turned into exhaust. A substance 
can’t turn into energy, right? That’s 
against the law. 

posing task-related questions 
looking for confirmation 
searching for fundamental 
concepts 

2 <S4: It burned, which created exhaust and 
the energy that was in the bonds 
before. 

bringing in content knowledge 

3 <S2: Exactly. expressing approval 
4 <S3: It burned up, right. Right, the energy 

got transferred into the car, for the 
car. 

 

5 <S1: Was released.  
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6 <S2: Yeah, it’s energy, energy was 
released by the exothermic reaction. 
Or is that a, yeah, right, I know. 

bringing in content knowledge 
thinking out loud 
 

7 S3: Exactly. expressing approval 
8 S1: Smartass.  
9 S3: But that’s not called oxidation, is it? 

The combustion is oxidation. 
thinking out loud 
discuss the meanings of terms  
task-related questions 

10 S2: I think combustion is oxidation. bringing in content knowledge 
helping to clarify 

11 S3: Exactly, like I said. So, first comes 
oxidation, then exhaust, and then,  

co-constructing arguments 

12 <S3: well, that releases energy, which 
powers the engine. 

 

13 <S2: And that releases energy, and then 
it’s, and that’s how the engine turns 
over, right. 

 

14 <S4: Yes, and exhaust is left over, it 
doesn’t just disappear. 

 

…  
15 <S1: … Exhaust is just all of your 

combustion residues. You just can’t 
really, that’s not an exact definition. 

discuss the meanings of terms 

16 <S3: Let’s just say, it’s the general term 
for, for the leftovers, those that can’t 
be turned into energy, right? 

falling back into misconception 
or speaking in a sloppy manner 

17 <S2: Exhaust doesn’t just come from cars.  
18 S2: Yes. No, it’s what’s left after the 

energy. It then just has a lower 
energy level. 

bringing in content knowledge 

 

The students only occasionally justify their claims with reason or evidence. They 
appear neither to be experienced in constructing a valid argument nor seeing the need 
of doing so. There are three complementary interpretative approaches to this finding. 
First, “to know about” might seem sufficient to an individual student or generally in 
class. “To know why” and to be able to explain is then regarded as voluntary exercise, 
let alone to explain why not. Second, used to informal talk, a student might assume 
that her or his peers know the argument anyway as they all attend the same class. 
Consequently there is no need of justifying a claim with reason because common 
understanding is taken for granted. And third, a student might think out loud. In this 
case she or he rather tries to make sense of her/his own conceptions than to convince 
her/his classmates.  

Thinking out loud is quite common in the small-group discussion. The way the 
classmates react to the utterance then helps the speaker to clarify her/his own 
thoughts. While doing so the students frequently realize the limitations of their 
knowledge. As a group they co-operatively work on an answer to the question posed 
in the Concept Cartoon and put together the content knowledge of all the group 
members. In the best-case scenario they co-construct arguments.  
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Students´ involvement 
The majority of the students do involve in the task. The degree they engage in it is 
influenced by the attitudes of the individual as well as the group characteristics and 
resulting dynamics. Both influencing factors are inseparably intertwined. 

The student´s individual conceptions of learning have an impact on her/his 
involvement. Students holding a constructivist view of learning are more likely to 
engage than those with an objectivist few. According to their different framing of the 
task, the former welcome the learning opportunity whereas the latter regard it a waste 
of time.  

The students who welcome the learning opportunity discuss the meanings of terms 
and ask each other task-related questions. They search for assured facts and 
fundamental concepts to rely and build on. “Doing science” (Jiménez-Aleixandre, 
Bugallo Rodríguez, & Duschl, 2000) they pursue finding an answer not only to the 
initial question posed in the Concept Cartoon, but also to those that additionally arose 
during the discussion. According to the definition of Shemwell and Furtak (2010, p. 
223) their talk can be called conceptually rich as “the speaker elaborates (works out in 
detail) important concepts and casual relationships pertaining to scientific theories.” 
These students take the task as a challenge.  

Those students who regard the task a waste of time are a minority. They interpret the 
situation as having no promise because no authority will pass on her/his knowledge to 
them. Furthermore, they considered the task as an unreasonable demand because it 
does not allow them to “do the lesson” (Jiménez-Aleixandre et al., 2000) the way they 
are used to. First of all, the task involves being asked something that they have not 
been explicitly taught by then. Moreover, they are requested to justify their own 
answers with reason instead of just picking the ‘right’ answer from a multiple-choice 
item. And finally, there is no one there to confirm or reject their considerations. As a 
result they feel insecure and uncomfortable and tend to lose interest and to change the 
subject.  

The attitude towards the learning task is highly influenced by the interaction of the 
group members (Cohen, 1994). Students who normally dominate plenary class 
discussions have to share their speaking time with those who usually do not 
participate in classroom talk but join in the small-group discussion. “The behavior 
called for in cooperative small groups is radically different from the behavior required 
in conventional classroom settings” (Cohen, 1994, p. 26). 

If the students get involved with the task as a group they listen to and learn from each 
other, they revise their thinking, build on each other´s contributions and co-construct 
arguments. They experience, community spirit, esteem and the feeling of being 
capable of dealing with a non-trivial. This experience further fosters their intrinsic 
motivation to engage in the task because it accommodates their basic human needs for 
autonomy, competence and relatedness (Niemiec & Ryan, 2009; Ryan & Deci, 2000). 

If the students do not agree on engaging in the task the potential benefit of the 
discussion will decrease (see Table 2). Instead of building on each other´s 
contributions the students then make some assertions without giving or searching for 
any reason and without getting any feedback from their classmates. As a result there is 
no discourse but a number of isolated statements put forward by different students.  
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Table 2 

Excerpt from a less productive small-group discussion stimulated by the Concept 
Cartoon show in Fig. 1, 12th Grade - School B –Group 2- 03:40-05:00 
Translation from German (< indicates overlapping sequences)
1 S4: … I have absolutely no clue. realizing limitations of 

knowledge 
2 S1: Well, that’s wrong for sure. claiming without reasoning 
3 S4: At least I’m honest.  
4 S2: Yes, it’s true that it turns into exhaust, 

because something does come out of 
that tailpipe, right? 

looking for confirmation 
 

5 S3: It disapp/ and disapp// well, so the 
thing about burned and disappeared is 
not right at all. It did burn and it did 
get con// uhm, turned into energy.  

groping for words 

6 <S3: Well, no, not really, it made energy.  
7 <S4: It changes its aggregate state, haha. 

See, that sounded intelligent. 
posing isolated assertions 

8 S2: What?  
9 S4: I’m not saying anything else.  
10 S2: What did you say?  
11 S4: I said aggregate state. That sounds 

intelligent, I’ll leave it at that. 
saying whatever might sound 
reasonable 

12 S1: Professor, could we actually do 
chemistry sometime soon, instead of 
always being guinea pigs like this? 

regarding the task a waste of 
time 

  
13 <S1: No, none of that is right. All of them 

are wrong. 
treating the task as multiple-
choice item 

14 <S3: It’s, all of them are sort of partially 
right. 

 

15 <S4: All of them are wrong.  
16 <S2: Yes, isn’t that always the way it is?   
17 <S3: Because it, it did burned, it produced 

energy, not the oth// uhm, it’s, it 
didn’t get converted into energy, it 
produced energy and it, and did uhm, 
and it and that… 

trying to give an explanation 
groping for words 

18 <S1: That’s wrong. And exhaust.  
19 S4: You can’t produce energy. It can only 

be converted; can only be converted 
into energy. We learned that in 
physics. I know that, in physics, I pay 
attention. 

bringing in content knowledge 

 

There are various reasons why students might refuse to participate in a purposeful 
discussion. On the one hand low achieving students might have the feeling that their 
knowledge is insufficient so that it is not even worth a try. As a consequence, they 
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remain silent and confine themselves to generalities and approvals or, depending on 
their character, cover their ignorance by saying whatever might sound reasonable. On 
the other hand, high achieving students holding a positivist conception of learning 
might not see any use in discussing with their classmates, as they do not believe in 
cooperative learning. Commonly the gifted students do not engage more than the less 
talented ones and boys do not engage more than girls. 

If the students broadly differ in their attitude, groups sometimes split up into a pair 
with one staying on task and one that spaces out. The latter often smoothly joins the 
discussion again after a minute or two. On few occasions a student actively torpedoed 
the discussion, making it temporarily unproductive.  

 
CONCLUSION 
The purpose of the current research project was to investigate how upper secondary 
students engage in small group discussions stimulated by Concept Cartoons in 
chemistry classes. The findings provide a deep insight into the way the students 
participate in the discourse and communicate with one another. The data analysis 
confirms that there is a close and complex interdependence of social behavior and 
learning in a group. These findings implicate consequences for both science education 
research and teaching of argumentation using Concept Cartoons in small groups. 
Researchers, on the one hand, are encouraged to take into account the interaction of 
the group members and its importance when using these settings to determine the 
students´ argumentation skills and their development. Educators, on the other hand, 
should make sure that their way of teaching is consistent with and supportive to the 
conditions required for this specific setting. They are encouraged to carefully 
orchestrate the learning environment and to pay attention to the task instruction, to 
students´ preparation for co-operative learning, the composition of the groups and the 
overall classroom climate.  
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Abstract: The present study explores the co-deployment of visual representations (VRs) 

and reasoning in Greek Mathematics and Physics texts in specific topics related to the 

notion of periodicity. We present quantitative and qualitative results of the analysis of 150 

VRs and the relevant texts in 8 textbooks of Mathematics and Physics that are met in Greek 

secondary education. Furthermore, we exemplify our analysis on the basis of five texts, 

their reasoning and the VRs involved in the texts. Seven categories have been identified 

concerning the role of visual representations in the reasoning developed in the text: 

Illustrative, Exemplifying, Starting point, Fundamental, Product of reasoning, Organizing 

tool and Complementary. The quantitative analysis shows the prevalence of the illustrative 

and the exemplifying function of VRs in reasoning in Physics texts compared to 

Mathematics. On the other side, in Mathematics texts VRs seem to undertake more 

significant role acting as starting points or as the fundamental tools in reasoning. Finally, 

the educational implications of the findings are discussed. 

Keywords: school science and mathematics textbooks; periodicity; visual representations, 

reasoning 

 

INTRODUCTION 

The school textbooks are textual products, usually produced by discipline specialists, with 

the purpose to be used in specific educational communities in order to achieve their 

institutional goals (Bhatia, 2004; Rezat, 2006). This disciplinary embedding of a school 

textbook could involve variation in knowledge structures, norms of inquiry, vocabularies, 

representations and standards of rhetorical intimacy (Bhatia, 2010). In order for the reader 

of the school textbook to become a competent member of the different disciplinary 

communities she has to overcome all the above variations and make the appropriate 

connections so as to gain a broad view of common notions presented in different textbooks. 

The common notion in our case is the notion of periodicity which is part of both 

mathematics and science curriculum.  

Reading a textbook is both an analytic and a synthetic process which is mainly based on the 

characteristics of the texts. Verbal and visual elements, their co-deployment, examples and 

theoretical claims, their connections, as well as the flow of reasoning are crucial factors in 

readers’ conceptualizations. Even authors’ awareness of such aspects is limited and in 

many cases they prefer to introduce new concepts based on the traditional way of 
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perceiving new knowledge as a system of definitions, examples and exercises (Randhal, 

2012). Although research on textbook analysis has illuminated a number of issues 

concerning textbook reasoning activities (Stacey & Vincent, 2009; Stinner, 1992) or 

readers’ comprehension (Graesser, Leon & Otero, 2002), it is still a field that can reveal 

more on text’s characteristics and their possible relationship to students’ understanding. 

The study reported here is part of a research project that intends to take a close look at 

pedagogical practices adopted in mathematics and science classrooms on topics that are 

related to periodicity. More particularly, in this paper we focus on the analysis of 

mathematics and physics textbooks and in particular on the co-deployment of reasoning 

and visual representations developed regarding the concept of periodicity. Periodicity is a 

concept that played a role in the development of scientific thought and it is a considerable 

part of the scientific culture of every student in his secondary and post-secondary studies 

(Buendia & Cordero, 2005). Particularly, students come in terms with this concept in 

different school subjects such as mathematics and physics, while connecting conceptual 

aspects of the notion is important for their future studies in mathematics, science and 

engineering.  

 

RATIONALE 

We adopt the Activity theory perspective (Vygotsky, 1978) recognizing mathematical and 

scientific school practices as different cultural activities since they have different goals, 

purposes, and objectives. In general, mathematics deals with patterns and relationships 

(NCTM, 2000) while science deals with the understanding of the natural world (NRC, 

1996). Thus learning involves being immersed into the ideas and practices of these 

communities and making these ideas and practices meaningful at an individual level 

(Driver et al., 1994). In this study we refer to practices used consciously or unconsciously 

in school science and mathematics textbooks. Particularly we study the synthesis of texts 

and visual representations, as well as the logical aspects and their connections. The further 

aim is to understand the role of all these elements in the development of new knowledge as 

presented in Greek mathematics and Physics textbooks on topics related to periodicity.  

Representational practices have a central role in science and mathematics school 

communities (Arcavi, 2003; Latour, 1987). Visualization, as a method of 'seeing the 

unseen' in images (Arcavi, 2003, p. 216), is no longer related to the illustrative purposes 

but is also being recognized as a key component of reasoning deeply engaging with the 

conceptual and not the merely perceptual aspect of knowledge (ibid.). In this direction, 

Biehler (2005) considers that the representations available for working with are essential 

elements constitutive of the meaning of any scientific concept.  

A question that arises is “What do students read in their school mathematics and science 

textbooks when they study topics related to periodicity?” Issues such as how the conceptual 

field of periodicity is introduced to school textbooks, what definitions and examples are 

given to students and what advantages or potential problems might arise from the various 
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representations of the concept, are considered crucial in answering this question. 

Specifically, our research questions are:  

 What is the role of visual representations in school texts’ reasoning?  

 Is this role differentiated in the mathematics and science context?  

 Are there any suggestions on how this differentiation could influence readers’ 

understanding? 

THEORETICAL FRAMEWORK  

In the present study, we make the assumption that human behaviour and thinking occur 

within meaningful contexts where goal-directed activities are taking place, and people are 

acting with tools that carry social–historical meanings (Vygotsky, 1978). The school 

textbook is a curriculum material that mediates school activities, while its use is situated in 

the social and cultural context of institutional teaching and learning (Rezat, 2006).  

Argumentation, reasoning and visual representations  

In general, argumentation has three generally recognized forms: analytical (grounded in the 

theory of logic and proceed inductively or deductively from a set of premises to a 

conclusion), dialectical (occurs during discussion or debate), and rhetorical (employed to 

persuade an audience) (van Eemeren & Grootendorst, 2004). In our study, we consider that 

the argumentation developed by an author in a school textbook is a combination of 

analytical and rhetorical arguments (employed to persuade the reader who in our case could 

be a student, or a reader or an educator). If these two forms are successful, dialectical form 

of argumentation could also occur. Argumentation is also viewed as the result of a 

sequence of modes of reasoning. These modes of reasoning have been analytically studied 

elsewhere (Triantafillou, Spiliotopoulou & Potari, in press). We study, here, argumentation 

beyond its verbal component including in our analysis visual arguments that are expressed 

through drawings, pictures and in general images.  

Croarke (1996) believes that expanding definitions of argumentation beyond the verbal 

component is necessary; Lemke (1998) argues that scientists use a semiotic combination of 

text, mathematical expressions and images (e.g. graphs, photos) in order to reason, while 

the readers must interpret the verbal and the visual components of the document to 

comprehend authors’ arguments. Barthes, in his essay `Rhetoric of the Image' (1979), 

argues that images are dependent on the verbal text which exercises a function of control 

over the potential meanings of the image and identifies two basic image-text relations: 

elaboration (the verbal text restates the meanings of the image or vice-versa); and relay 

(the verbal text extends the meanings of the image or vice-versa). 

Different views and analytical approaches on the visual codes have been used in the 

science context. Kress and van Leeuwen by following Haliday's seminal work on 

Systematic Functional Linguistics define images as representing ideas about the world (the 

ideational function); develop a relationship between illustrator and audience (the 

interpersonal function); and provide cohesive links (the textual function) (Haliday, 1985; 

Kress and van Leeuwen, 2006). Pozzer-Adernghi & Roth (2004) acknowledge that photos 
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and their captions are playing a fundamental role in main text reasoning. In this direction 

they identified the following functions of photographs and their captions in interpreting the 

main text in Biology textbooks: decorative (there is no caption and there is no reference 

from the main text to the photograph); illustrative (include a caption that describes what the 

reader is to see in the photograph but the caption does not provide additional information to 

the main text); explanatory (captions provide an explanation of or a classification of what is 

represented in the photographs); and complementary (captions add new information about 

the subject matter treated in the main text). They conclude that these differences will 

influence readers’ interpretations of the photographs and change their role in the text.  

In this study, the function of the visual representations in relation to the reasoning 

developed in the science or mathematics text is investigated. We take the view that the co-

deployment of visual representation and reasoning influence the argumentation developed 

in a school text and consequently influence the practices adopted in the Mathematics and 

Physics school communities. 

 

METHODOLOGY 

This study is undertaken under a grounded theory research perspective (Strauss & Corbin, 

2007). Qualitative inductive content analysis has been employed for the analysis of visual 

elements of the text (Mayring, 2000). Inductive approaches are usually employed to 

support our understanding of meaning in complex data through the development of 

summary themes or categories from raw data. 

The context of the study 

Mathematics and Science are compulsory subjects of all educational levels in the Greek 

educational system and they cover a considerable part of the weekly teaching schedule. The 

Greek educational system is highly centralised and teachers has very limited decision-

making power in teaching matters (Education Research Centre of Greece, 2004). There is a 

national curriculum accompanied by a single textbook under the authorisation of the 

Ministry of Education for each school subject and grade. 

The domain of analysis 

The texts analyzed are taken from 8 Greek textbooks (four in the subject of Mathematics 

and four from the subject of Physics) used in Greek lower secondary and upper secondary 

schools. In each textbook we restrict our analysis to topics that are related to periodicity. 

Specifically, in Mathematics the topics are trigonometric numbers; trigonometric functions; 

and selected units on complex numbers and conic sections. In Physics the topics are related 

to mechanical and electrical oscillations, circular motions and electromagnetism. In order 

to implement our analytic plan, we divided the text into thematic units of analysis by 

restricting analysis to all the parts which aim at delivering mathematical and scientific 

knowledge (we did not include worked examples, historic notes and exercises). The 

thematic units analyzed are 29 in the subject of Mathematics and 42 in the subject of 

Physics, giving totally 71 textual units of analysis. In Table I we present the topics; the 
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thematic units and the accompanying visual representations (VRs) analyzed in each 

subjects and each grade.  

 

Table I 

The sample analysed across subjects and in different grades 

Subjects 
Grade Level 

(Direction) 
Topics 

Thematic 

units 

No 

VRs 

No 

MATHEMATICS 

Grade 9 
Trigonometry (Trigonometric 

numbers from 0 to 360
o
) 

2 7 

Grade 11 

(Common 

Core) 

Trigonometry (Trigonometric 

numbers and trigonometric 

functions) 

20 36 

Grade 11 

(Scientific) 
Selected units on conic sections  2 2 

Grade 12 

(Scientific) 

Selected units on complex 

numbers  
5 4 

TOTAL MATHEMATICS 29 49 

PHYSICS 

Grade 9 Oscillations 8 11 

Grade 11 

(Common 

Core) 

Simple Circular motion; 

Mechanical oscillations 
15 33 

Grade 11 

(Scientific) 

Selected units on 

Electromagnetism 
5 17 

Grade 12 

(Scientific) 

Electrical and mechanical 

oscillations 
14 40 

TOTAL PHYSICS 42 101 

TOTAL: 71 thematic units  and 150 Visual representations 
 

Units of analysis 

As first unit of analysis we consider every thematic unit that is independent from the rest of 

the text and is a part of the chapter we analyze. This means that it has a relative 

independence in terms of its content. It is characterized by its thematic content and it 

usually has a title (e.g. “Define periodic function”) or the theme can be easily identified. 

Moreover, this unit of analysis has both a complete conceptual and a logical structure 

considered to be a form of argumentation. Reading this thematic unit aims to students' 

learning of the conceptual aspects presented. However, reading and consequently 

understanding this textual unit implies the involvement in the reasoning process and the 

argumentation developed in this part of the chapter. The type of reasoning in every 

thematic unit is constituted by every day examples, empirical evidence, inductions and 

deductions, explanations, proofs, definitions and mathematical procedures (Stinner, 1992; 

van Dormolen, 1986). We name these types of reasoning as modes of reasoning 

(Triantafillou et al., in press). So, the second unit of analysis is the mode of reasoning 

which is part of the thematic unit and it is constituted by the visual representation and the 

corresponding text. Subsequently, we analyze how the VR and its caption functions in the 

internal logic of the reasoning developed.  

Strand 7 Discourse and argumentation in science education

1204



Finally, the systematic qualitative content analysis of all the thematic units (71 units and 

the included 150 visual representations) has led us to the production of a scheme of 

categories on the role of VRs in reasoning. The initial scheme has been checked throughout 

the data, revised and eventually reduced to a number of main categories.  

 

FINDINGS 

The categories 

Seven mutually exclusive categories concerning the role of VR in reasoning have been 

identified: (a) the illustrative category: when the VR and/or its caption is illustrating a 

situation in a familiar to the reader context, mentioned also inside the text; (b) the 

exemplifying category: when the VR and/or its caption introduces the reader to a new, 

usually more advanced, contextual application or example of a periodical property referred 

in the text; (c) the category of VR as the starting point: in this case the reasoning starts 

from the specific visual representation and is further developed; (d) the category of VR as 

the fundamental tool of reasoning. In this case, the reader needs to be based on the VR 

throughout the reasoning process; (e) the category of product VR: in this case the VR 

functions as the final product of the reasoning developed; (f) the  organizational category: 

the VR functions as an organizational tool of the reasoning, while in this case the outcome 

of reasoning is usually in a tabular form; and (g) the complementary category: when the 

content of the VR and/or its caption complements the reasoning of the verbal text by 

adding new information not mentioned before in the main text. We have to mention that in 

all the above categories, besides the Complementary case, the VR and/or its caption bring 

new elements that are related directly to the main text reasoning.  

Results of our qualitative analysis 

We exemplify our analysis in extracts taken from five thematic units where types of the 

above categories are presented. The form of the above extracts is not an exact 

representation of the real textbook page.  

Example 1: The illustrative and exemplifying function of VRs.  

The first thematic unit is taken from Physics textbook, Grade 9. This thematic unit 

introduces the students to 'Oscillations'. The title of this thematic unit is “Periodic 

motions”. We present in Figure 1 a part of this thematic unit and the accompanying VRs.  

In the first paragraph the main text asks the reader to recall his experience of playing with 

the yo-yo and then describes the motion of this game by emphasizing the properties that 

characterize its periodical behaviour. Photo 4.1 that accompanies this reasoning is the 

image of a boy playing this game. This photo is illustrating a periodic motion in a reader's 

familiar context since the author uses this case in order to define periodic motions (second 

paragraph of the main text). The caption of the Photo 4.1 turns the reader’s attention away 

from the currently projected photograph and asks her to focus on the certain aspects of the 

game motion (i.e. moving between two end positions) not mentioned in the main text. The 

main text concludes with a definition and then in the third paragraph provides examples of 
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Title: Kinematics of Simple Harmonic Oscillation 

Main text: " [...] If the displacement of the particle is given of the relation 

x=Asinωt then the particle is undergoing a simple harmonic oscillation 

[...]. Then the velocity and the acceleration of the particle are given from 

the following relations u(t)= umaxcosωt and  a(t)=-amaxsin(ωt) 

 
Caption of Fig. 1.3: The diagrams present how the displacement, the 

velocity and the acceleration of a particle undergoing simple harmonic 

oscillation vary in relation to the time. 

(Physics, Grade 12, Upper Secondary School (Scientific Direction). (2008). Athens, 

Greece: OEDB, p. 10) 

 
 

Figure 2. Example of graphs that function as 

illustrative tools in reasoning.  

periodic motions. The examples used are 

the annual motion of the earth around 

the sun and the motion of the heart 

muscle. The image that accompanies 

this reasoning is a photographic instance 

of an electrocardiogram (Photo 4.2). 

This is a two-level visual representation 

since it provides the period of the heart 

muscle in the foreground in order to 

attract the reader’s attention. This image 

aims to relate the subject of physics to 

medicine and offers a more advanced 

and applied example of periodic 

motions. Moreover, this VR introduces 

the reader to another epistemological 

aspect of periodic motions that of their 

graphical representations.  

We consider that the function of the two 

VRs in the reasoning developed in the 

main text is different. Particularly, Photo 

4.1 illustrates a periodic motion in a familiar to the reader context, described in the text, 

and we name this function illustrative, as this has not any particular function in the 

reasoning. Photo 4.2 exemplifies the periodic motion in new practices, that of medicine and 

graphing of periodic functions. We consider the function of VR 4.2 exemplifying as this has 

a different role, more advanced than the illustrative. The two VRs have an active role in the 

argumentation developed in this thematic unit, though different and hence may influence 

readers’ conceptualization.  

Example 2: The illustrative function of sinusoidal graphs. 

The second thematic unit is taken from Physics, Grade 12 textbook. The title of this 

thematic unit is “Kinematics of 

simple harmonic oscillation” 

(Figure 2). The definition of 

the simple harmonic oscillation 

is accompanied by the visual 

format of the symbolic form of 

the motion equations. We 

consider that the graphical 

representations of sinusoidal 

functions ‘illustrate’ the 

definition in a familiar to the 

reader format. This format 

seems to be familiar to the 

 

Figure 1. Examples of the illustrative and 

exemplifying function of VRs in reasoning. 
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Figure 3. Example of a graph that functions as 

fundamental tool in reasoning.  

 

 

Title: Graphing the sinx function 

(VR1) 

Main text: By reminding the reader that sinx represents the y-coordinate of the 

point M(x,y) on the unit circle (VR1) continues: We notice that as x values 

from 0 to π/2 the point M moves from A to B. Therefore, the y-coordinate 

increases, thus the function sinx is strictly increasing in the interval [0, π/2]. 

Similarly, we find that the function is strictly decreasing in the interval [π/2, 

π]. [...] Moreover, the function has a maximum value on x=π/2 (sinx=1) and a 

minimum value on x=3π/2 (sinx=-1). The results are summarized in the 

following table (VR2). 

 

In order to sketch the graph of this function we need a table value (VR3). 

According with what we already know  

 

We present the information from the above tables on the Cartesian plane and 

following graph (VR4) is produced. This is the graph of the sinx function on 

the interval [0,2π]. 

 

 (Algebra, Grade 11, Common Core subject, Upper Secondary School. (2012). Athens, 

Greece: OEDB, p. 74) 

 
Figure 4. Example of the fundamental, the 

organizing, the starting point and the product 

categories.  

reader since no explanations are given on how they are produced.  

Example 3: The fundamental function of VRs. The case of a periodic graph 

The third thematic unit is taken from Mathematics textbook, Common core subject, Grade 

11. The title of this thematic unit is “Periodic functions”. We present in Figure 3 a part of 

this thematic unit and the accompanying VR.  

In this thematic unit two examples of periodic functions are presented, one of them is the 

swing game as presented in 

Figure 3. Then the definition of a 

periodic function comes as a 

generalization of the properties 

identified on the graphical 

representations of the periodic 

motions. The warrants that are 

used to justify this assertion are 

based on the epistemological 

properties of the above 

functional representation (i.e. the 

function takes the same values at t sec, (t+ 2) sec and (t-2) sec). In this case the graphical 

representation of the periodic function plays a 'fundamental' role in this reasoning since the 

reader must reflect on it throughout this reasoning process.  

Example 4: The fundamental, the organizing, the starting point and the 

product categories.  

The fourth thematic unit is taken from Mathematics textbook, Common Core subject, 

Grade 11. The title of this thematic 

unit is “Graphing the sinx function”. 

We present in Figure 4 a part of this 

thematic unit and the accompanying 

VRs (the Greek mathematics 

textbooks rarely use captions). In the 

first paragraph the reasoning is based 

on a mathematical model (the unit 

circle or VR1). The role of VR1 in this 

mode of reasoning is fundamental 

since the reader must reflect on this 

VR in order to comprehend the 

reasoning developed in the main text. 

The table representation (VR2) 

organizes the steps of the above 

reasoning process (i.e. the intervals 

that the function is increasing or 

decreasing) by presenting them in a 
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Figure 5. Example of the 

complimentary function of a VR 

tabular symbolic form. The text continues by employing mathematical relations (presented 

in VR3) in order to sketch the graph of sinx in the interval [0, 2π] presented in VR4. Tables 

VR2 and VR3 are the starting point in this reasoning while the product of these 

mathematical procedures is the sinusoidal curve (VR4).  

Example 5: The complementary function of VRs 

The fifth thematic unit is taken from Physics textbook, Grade 12 (Figure 5). The title of this 

thematic unit is “Forced oscillation”. Photo 

1.5 represents the tidal phenomenon and 

explains that it is an example of forced 

oscillation. .The argumentation developed in 

the main text avoids reasoning on natural 

phenomena. In this case the VR compliments 

the main text reasoning by providing a new 

but also important aspect of the above notion 

that helps readers to further understand this 

concept.  

Results of our quantitative analysis 

The average number of VRs in each thematic unit is 1.7 in Mathematics and 2.4 in Physics. 

It seems that VRs are a more frequent tool in reasoning on aspects of periodicity in Physics 

than in Mathematics. 

Table II 

Results of our quantitative analysis 

Table II presents the frequencies of the categories of the function of VRs in reasoning in a 

tabular format as they are met in the Mathematics and Physics texts.  

We can notice the prevalence of the illustrative and the exemplifying function of VRs in 

reasoning in Physics texts comparing to the Mathematical ones. Images mainly present 

aspects of periodicity in a familiar or a new context in Physics, while in Mathematics texts 

half of the VRs seem to undertake a more significant role in reasoning acting as starting 

points or fundamental tools. In Physics only one out of five images play a fundamental 

Categories 

Mathematics 

N=49 

(%) 

Physics 

N=101 

(%) 

Illustrative 9.01 26.73 

Exemplifying 6.08 24.75 

Starting point of reasoning 43.20 15.84 

Fundamental tool in reasoning  43.20 20.79 

Product of reasoning  22.73 9.90 

Organizing tool  9.09 0.99 

Complementary  0.00 7.92 
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role. Finally, almost 8% of the VRs in Physics play a complementary role, while this 

category is absent in Mathematics.  

 

CONCLUDING REMARKS 

The study of the co-deployment of visual representations and reasoning in Greek 

Mathematics and Physics textbooks shows the different practices related to the notion of 

periodicity adopted by the two school communities.  

The quantitative analysis shows the prevalence of the illustrative and the exemplifying 

function of VRs in reasoning in Physics texts over the Mathematical ones. On the other 

side, in Mathematics texts VRs seem to undertake a more significant role in reasoning 

acting as starting points, or fundamental tools.  

The qualitative analysis illustrates how the same type of a visual representation (e.g., the 

graphical representation of a periodic motion) could change its function according to the 

type of reasoning it supports. In example 1 (Physics, Grade 9) the graph illustrates aspects 

of periodicity in a new context, in example 2 (Physics, Grade 12) it illustrates the necessary 

conditions for a motion to be simple harmonic oscillation, in example 3 (Mathematics, 

Grade 11) it plays a fundamental role in reasoning, while in example 4 (Mathematics, 

Grade 11) it is the product of the reasoning developed. The above evidence highlights on 

one hand the 'flexible' character of the visual representations in school texts and on the 

other their important role in the argumentation developed in Mathematics and Physics 

texts.  

Furthermore, our analysis indicates that the school practices in Physics texts aim mostly to 

relate features of the notion of periodicity with every day life or natural phenomena, while 

the school practices in Mathematics texts aim mostly to work on the mathematical 

properties of functions that model periodic motions. These differences are not necessarily 

conflicting, but often complementary, for a scientist or a mathematician. However they 

might influence students’ understanding of the topic presented in the textbook. In this case 

students need to make the connections and fill in the existing gaps between the two 

practices. This fact stresses teachers’ responsibility in being efficient to support them in 

handling this task. 

Teaching for understanding and integrating aspects of the notion of periodicity involves not 

only connections between concrete and abstract forms of knowledge but also implies 

understanding of the different functions of visual representations in the development of 

new knowledge. Teachers' awareness of the divergent ways of the co-deployment of visual 

representations and reasoning in school texts could enable them to integrate such aspects in 

their classroom teaching. In this case mathematics and science educators could support 

students to realize how science and mathematics argumentation is generated in school 

textbooks and how knowledge is developed across subjects. 
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USING ORAL ANALYTICAL TOOLS TO THE 
INTERACTION BETWEEN STUDENT AND TEACHER ON 

LEARNING WITHIN REAL-LIFE CIRCUMSTANCES 
REGARDING STUDIES IN BIOLOGY 

 
 
Daniel Manzoni-de-Almeida1, Fernanda Pardini Ricci1 and Sílvia L. F.Trivelato1. 
1 Universidade de São Paulo – São Paulo, Brasil. 
 
Abstract: The study was aimed to characterize the epistemic interactions between students and 
teachers during biology studies. We investigated a field trip and identified the types of dominant 
interactions characterized throughout the discourse of the lesson.  The interactions were noted and 
recorded using the standard triadic classification I.R.A. method.  "I" is the teacher's Initiation; "R" 
is the Response to the student, and "A" Teacher Evaluation.  This study has provided important 
results about epistemic relations during science classes.  The characterization of these interactions 
can help in the future teaching of biology studies. 
 
Keywords: biology teaching; construction of discourses; epistemology in science education 
 
 
BACKGROUND AND FRAMEWORK  
Literature of science education has recently showed concern about the process of teaching and 
learning in science classrooms.  More specifically the question of creating a research program that 
seeks to answer how meanings and understandings are created and developed.  What language 
devices and other modes of communication can be used during interactions within the science 
classroom.  The growing interest in this notion in education expressed the need to characterize the 
speech in class, trying to understand their relationship with the process of knowledge construction, 
focusing on the discursive interactions and different types text circulating (Mortimer et al., 2007). 

The genres of discourse characterized and dominant in classrooms are set based on the standard 
triadic classified as I.R.A. (where "I" is the teacher's Initiation, "R" Response to the student, and 
"A" Teacher Evaluation) (Mehan, 1979). Other studies show a fourth, streamlining the third round 
of the triad, the "Follow-up", suggests that in addition to the features listed, the addition of 
expression and promotion of the continuation of student speech in the classroom dynamic. Wells 
(1993) and Scott, Mortimer and Aguiar (2006) round these ideas, considering that the third shift 
sequence I.R.A./F may serve different functions, for example, in some situations it may serve as an 
opportunity for the student to instigate your answer, expose their ideas and make connections with 
the ideas of other students. However, there is some criticism regarding this pattern in addressing 
gender discourses in the classroom, which indicate the standard I.R.A./F is homogeneous and not 
useful from the point of view of description of culturally specific genres used in different traditions 
of schooling (Rockwell, 2000). 

Mortimer and Scott (2002) introduced an analytical tool to assess speech ways in which teachers 
interact with their students to promote the construction of meaning in social science classes. In 
conclusion of this methodological suggestion, the authors showed the importance of system 
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analysis and references to the importance of key points for teaching science that emerged through 
this form of analysis classes. Over the duration of these various studies, proposed tools have 
evolved to include many different items in the analysis. 
We hypnotize that the classroom practice for the teaching biology are of importance to close the 
gap between biological concepts and theoretical abstract, learned in the classroom for acquiring 
knowledge and developing understanding of critical information. We hypnotize that in observing 
how the interactions happen between teacher and pupil or between peers in regards to the learning 
process, in practical classes in biology, and how these interactions take place will influence greater 
retention of core concepts and assist student in learning more efficiently. 
The goal for this study is to analysis of discourse between biology teachers and students during a 
lesson including a field trip. 

 
METHOD  
For this paper we investigated a biology lesson, which included a field trip.  The lesson lasted for 
three days and was conducted in the municipality of Paraty, RJ, Brazil, operated by a travel agency 
specialized headquartered in São Paulo-SP.  All field lessons were audio recorded and transcribed 
for the analysis of discourse. Participants in the group included 14 students from a 7th grade of 
elementary school, lead by a guide with background in biology and ten years of experience in the 
monitoring.  The procedures for making (observation, analysis of documents, audio recordings, 
photographs and notes in general) and data analysis (transcripts, building maps of interactions, 
construction and identification of categories) were based on the work of Mortimer and Scott 
(2002). 

 
RESULTS AND DISCUSSION 

The field trip activities gave students the opportunity to interact with objects and events in the real 
world (Fuller, 2006), which are usually brought to the classroom through written descriptions and 
figures. When in field activity, students have the opportunity to visit and interpret more than one 
environment, the repetition of the sequence reading environment conducted by a monitor could 
allow students to learn this way of interpreting the natural environment (Fernandes, 2007). Thus, 
the interaction between the monitor/ teacher and student can be significant in the learning process 
of a field trip based lesson. 

Here we investigate a field trip conducted in the municipality of Paraty, RJ, Brazil. The lesson was 
audio-recorded and subsequently transcribed, being organized in shifts speech identifying the 
speakers.  The full class was divided into 9 periods, and this paper will focus on the first three 
periods. We have already analyzed the section investigated in this work in another situation (Ricci 
& Trivelato, 2012); here we are conducting a reinterpretation of the data, also seeking support in 
the analytical tool, “I.R.A” from Mortimer and Scott (2002). The excerpts are comprised from the 
discussions held at a location where a landslide had occurred by the walking trail’s edge.  
Noted below are the predominant interactions characterized through the discourse of the lesson.  
The notes are based on the standard triadic classified the I.R.A.  The following two sequences were 
selected as an example of this characterization (Seq.1 and Seq.2). 
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Table 1 
 Sequence 1 - selected as an example of this characterization 

Teacher or Student Speech Classification 

(1) Teacher: Look, the people are facing a 
landslide ... that is super 
common in this region.  We 
have seen a lot, right? Tragedy 
Creek, the Rio de Janeiro, 
Niterói, right?  And we always 
have this discussion, "Oh, the 
land slide happened because 
people have built on it.", "The 
earth slid ...".  And actually ... 
look … oh. Are there some 
houses up over there? 

Teacher's Initiation 

(2) Student No Response to the student 
(3) Student It [*] 1 [unintelligible].  

(4) Teacher * No, right? Teacher Evaluation 
(5) Teacher Is this a lost plastic bag?  I do 

not even know how it got 
there, but ... 

Teacher's Initiation 

(6) Student He has a house down below… Response to the student 
(7) Teacher True ... but, there is no house 

up there … There was nothing 
Teacher Evaluation 

(8) Teacher Yes, there is a house down 
below. It is ... 

Teacher Evaluation 

(9) Teacher There was nothing here on the 
trail, right? Thre is actually 
vegetation covering this place 
and over there you had this 
collapse, the landslide 

Teacher's Initiation 

Note: 1[*] – simultaneon speach. 

 

Analysis of the excerpt shows the teacher’s intention in building concepts using the I.R.A. 
structure. Scientific ideas were introduced in a predominantly interactive approach of authority to 
construct explanations and scientific generalizations. At the empirical level transitions occurred 
between intuitive and scientific ideas. Which were identified by the different characteristics of 
speech produced (Seq.1 and Seq.2, examples). This way of constructing the speech in lessons is 
present as an instrument of control of the activities of the classroom (Lemke, 1990; Cazden, 2001). 
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Table 2 

 Sequence 2 - selected as an example of this characterization 

Teacher or Student Speech Classification 
(22) Teacher More or less, what is good 

about the M22 we spoke 
about on the trailhead?  The 
soil, it absorbs.  Absorbs 
and becomes saturated.  It 
then becomes saturated to 
the point that it is almost 
liquid, [mud]. Underneath 
the [mud] is [solid] soil and 
rocks.  What happens if we 
have a [large] mass of mud 
upon the rock? 

Teacher's Initiation 

(23) Student It starts to slide Response to the student 

(24) Teacher It starts to slip and so too 
does anything that is on top 
of or in the mud.  The 
landslide can move the 
forest, or a home, or even a 
containment wall ...  this is 
a natural movement of the 
Atlantic Forest. 

Teacher Evaluation 

(24) Teacher So what happens in cities 
where you have these 
disasters? What could be 
the error there? 

Teacher's Initiation 

(25) Student Thre is little vegetation Response to the student 
(26) Teacher No Teacher Evaluation 

(27) Student Stay up on the hill Response to the student 
(28) Teacher Staying on the hill … or at 

the foot of the hill.  Even 
though this hill is preserved. 
[...]. 

Teacher Evaluation 

 

By analyzing these two excerpts as an illustration of the whole class field, we find that the conduct 
of the initiations of the speeches in class field were essential to the conduct of the phenomena 
encountered and observed visually in the field class for student learning. 
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The initiation-response-string is considered the “essential teaching exchange” (Edwards & 
Westgate, 1994) or something like a standard (Hicks, 1995) then in any classroom. Some criticize 
what could be considered a mistaken belief to encourage student participation (Lemke, 1990). 
Others have noted that the structured dialogue in terms of the I.R.A. can have an evaluative 
interactive nature and authoritarian (Mortimer & Scott, 2002). In this sense, one could argue that 
the exchanges I.R.A. disguise a backdrop of cultural reproduction through the simulation of 
student participation, while the teacher guides the interaction and acts as a transmitter of 
information.  In the analysis, the function of transmitting information seems to be well executed by 
I.R.A. observed in sequences chosen. However, some studies have shown that students can revert 
to the exchange (Wells, 1993, Candela, 1999).  Taking the movement initiation, which is evidence 
that the structure of the classroom activities cannot be fully determined by teachers exert control 
over the flow of interaction.  These experiences in the I.R.A. mobility in field classes can be 
investigated as alternatives to better use in teaching and learning. 
We understand that during in-field classes, like any other class, the teacher is led to make choices 
about their activities due to several factors including but not limited to; purpose, time available, 
characteristics of the class, etc.  As well as, factors specific to the environment.  Such as, variations 
and changes in the characteristics of the environment and interaction with other groups.  We 
believe that the type of analysis presented in this paper represents a starting point for 
understanding how aspects of speech may present similarities with lectures in classes through the 
environmental studies. 

 
CONCLUSION 
Prior analysis showed some scientific ideas were introduced into interactive approach with a 
standard evaluative, I.R.A., to construct scientific explanations and generalizations in field trip 
class.  At the empirical level transitions occurred between intuitive and scientific ideals.  Which 
were identified by the different characteristics of conversation produced. The characterization of 
these interactions can help in the teaching and learning of biology today, in special for field trips. 
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Argument skills, especially reasoned justification, have a central role in scientific reasoning 

(Kuhn, 2010). Yet, studies repeatedly show that students do not use evidence adequately to 

support their claims (Erduran et al., 2004). 

The present work examines whether the method of engagement in dialogic argumentive 

activities along with some evidence-focused reflective activities supports the development of 

students’ ability in using evidence when they argue on a socio-scientific topic. An innovation of 

the present study is the development of a web-based learning environment which included a rich 

content knowledge base regarding the intervention topic. Views and findings regarding the role 

of adequate content knowledge for the development of argument skills are mixed (Hogan & 

Maglienti, 2001; Koslowski, 1996; Lawson, 2003; Sadler & Zeidler, 2005). In the present study 

we address this issue by including a comparison group which had access to the same information 

– through access to the data base hosted in the learning environment − for the same amount of 

time, as the experimental group but did not participate in dialogic argumentive activities. 

Participants in the comparison group engaged in a project-based intervention.  

The research design is a straightforward one in which participants were randomly 

assigned to one of two conditions, the evidence-focused dialogic condition – the experimental 

condition – or the project-based condition – the comparison condition. Participants in the 

evidence-focused dialogic condition, working in pairs, engaged in a succession of dialogs with 

another pair who held an opposing view on the topic and in some reflective activities about the 

use of evidence in their dialogs. Participants in the project-based condition engaged in a project-

based activity which required them to prepare a poster on the same topic that experimental 

condition students worked on. 

Experimental and comparison group participants’ argument skills were assessed before 

and after the completion of the intervention on both the intervention topic and a transfer topic to 

address our research questions: Can an evidence-focused intervention based on engagement and 

practice in argumentive dialogic activities and in some reflective activities foster the 

development of students’ ability in using evidence when arguing on a socio-scientific topic? 

Also, would students who engage in an evidence-focused dialogic intervention show any 
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advantages in their ability to use evidence in scientific argumentation compared to students who 

engage in a project-based intervention? 

 

METHOD 

Participants 

Participants were 32 high school students who volunteered to participate in a summer school 

organized by a state university in the country of Cyprus. All were 15- or 16-year-olds (17 were 

boys). 

Learning Environment (LE) 

A group of researchers and teachers prepared a learning environment on the topic of “Climate 

Change” in the web-based learning platform of Stochasmos (see figure 1). 

 

Initial and Final Assessments 

Dialogic electronic argument with opposing-view partner. Participants engaged in an electronic 

argumentation, on the topics of Climate Change (CC) − manmade vs natural − and sources for 

generating electricity (SGE) − Natural Gas vs Coal − with a partner holding an opposing view. 

Intervention 

Students were randomly assigned to the experimental condition or the control condition. 

Students in both conditions were working on the same topic (CC), using the same LE, for the 

same amount of time. The only difference between the two conditions was the curriculum in 

which students were involved. Each intervention took place during nineteen one-hour sessions 

occurring twice per day, four times a week, for three consecutive weeks. Students in both 

conditions studied recent extreme weather phenomena and the mechanism of the Greenhouse 

effect in the first four sessions. Then participants in the control condition working in pairs 

engaged in preparation of a poster describing the causes of the Global Warming, based on the 
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information they were studying in the LE. Participants in the experimental condition engaged in 

a series of electronic dialogues with an opposing side pair, which would prepare them for a final 

debate, that would be conducted in a conference, about the causes of CC. After the completion of 

each dialogue participants reflected on an electronic transcript of their dialogue, with the help of 

an e-reflection sheet, regarding the evidence they had used to support their position and their 

critique to the opposing side. The culminating point was a class level debate between students 

holding opposing positions (see Iordanou, 2010, for more details). 

RESULTS 

The analysis was based on the 59 electronic dialogues produced at initial and final assessments. 

Three participants who were absent during final assessments were excluded from the analysis. 

Coding 

The dialogs of both groups were segmented into idea units, which were then coded as to whether 

or not they included evidence. Units containing evidence were further coded, using Moore and 

Kuhn’s coding scheme (submitted), into three categories based on its function: a) evidence 

employed to support a claim, b) evidence employed to weaken a claim and c) meta-level talk 

about evidence. Evidence employed to weaken a claim were further coded to “Weakenopp_C”, if 

the evidence critiqued and removed power from the opponents claims, or “Weakenopp_A” of the 

evidence served as an alternative argument. Coders’ percentage of agreement on coding, based 

on 25% of the data, was 91%. 

Evidence usage at Initial and Final Assessment 

Intervention Topic 

Usage of evidence. Experimental group participants contributed an average of 16.08 

(5.98) idea units at initial assessment and 13.42 (3.99) units at the final assessment. Comparison 

group participants contributed an average of 14.00 (7.63) idea units at initial assessment and 

17.77 (13.08) idea units at the final assessment.  

Overall Evidence. A 2 X 2 (Time X Condition) repeated-measures ANOVA for the idea units 

containing evidence revealed a two-way interaction F(1, 23) = 12.456, p <.001, partial η
2
 =.351. 

Experimental group participants doubled the usage of evidence from initial to final assessment, 

whereas no change was observed in comparison group’s performance.  

Quantitative Evidence. We further examined participants’ ability in producing quantitative 

evidence. A 2 X 2 (Time X Condition) repeated-measures ANOVA for the idea units containing 

evidence based on data revealed a two-way interaction, F(1, 23) = 29.376, p <.001, partial η2 = 

.561. At initial assessment, participants in both conditions employed evidence in their dialogs 

very rarely, only 5.80% (SD = 6.06) of the comparison condition students’ idea units and 4.64% 
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(SD = 5.06) of the experimental condition students’ idea units contained evidence at initial 

assessment. At the final assessment, there was an increase in experimental condition’s idea units 

containing evidence, from 4.64% (5.06) at initial assessment to 44.99% (9.49) at the final 

assessment, whereas no change was observed in comparison condition students’ idea units 

containing evidence.  

Overall Weakenopp. An analysis of usage of overall weakenopp category, including both 

Weakenopp_C, which functioned to weaken opponent’s position and Weakenopp_A,  which 

functioned to support own position, showed a significant Time X Condition interaction, F(1,23) 

= 7.36, p =.012, partial η
2
 = .242. Experimental condition students exhibited an increase in the 

percentage of idea units which functioned to weaken other’s claims, from 5.31% (SD = 6.40) to 

23.33% (7.55), whereas comparison condition students showed no change in the respective 

percentages from initial – 6.10% (9.41) − to final assessment – 10.08% (11.68). 

Weakenopp_C. A two-way ANOVA analysis on usage of Weakenopp_C category showed a 

Time X Condition interaction, F(1, 23) = 12.456, p <.001, partial η
2
 =.351. As in the analysis of 

overall weakenopp category, only participants in the experimental condition showed an increase 

in Weakenopp_C usage − from 3.21% (4.71) to 18.75% (7.79) (see Figure 3), whereas 

comparison condition participants showed no significant change.  

Support_own. The percentage of idea units containing evidence which functioned to support 

one’s own claim was high at both initial and final assessment in both conditions. As seen in 

Figures 3 and 4, at initial assessment most of the time that students, at both experimental and 

comparison condition, used evidence was to support their own position. No significant change 

was observed from initial to final assessment.   

Meta. The percentage of idea units containing meta-talk about evidence was very limited, less 

than 5%, at both initial and final assessment in both conditions and no significant change was 

observed from initial to final assessment.  

 

 

Strand 7 Discourse and argumentation in science education

1221



 

 

 

Transfer Topic. 

Experimental group participants contributed an average of 15.08 (7.28) idea units at initial 

assessment and 15.17 (5.42) units at the final assessment. Comparison group participants 

contributed an average of 8.94 (SD = 4.39) idea units at initial assessment and 12.44 (6.26) units 

at the final assessment. 

Overall Evidence. The percentage of idea units containing evidence in experimental condition 

increased at the final assessment compared to the initial assessment, though not significantly, 

from 26.75% (11.08) to 39.83% (13.12), whereas the percentage of comparison condition’s idea 

units containing evidence was about the same at initial and final assessment.   

Quantitative Evidence. A two-way ANOVA on the percentage of idea units containing 

quantitative evidence revealed a Time X Condition interaction, F(1, 26) = 14.768, p =.001, 

partial η
2
 = .362. The percentage of idea units containing quantitative evidence at initial 

assessment was very small, less than 5%, in both the comparison and experimental group 
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participants’ dialogs. At the final assessment, however, experimental group participants 

increased their usage of quantitative evidence, while comparison condition participants did not 

exhibit any change compared to initial assessment. In particular, the percentage of idea units 

containing quantitative evidence in experimental group participants’ dialogs increased from 

4.42% (12.87), at initial assessment, to 12.87% (14.78), at the final assessment. The 

corresponding percentage of comparison condition participants was 3.23% (6.27) at initial 

assessment and remained about the same at the final assessment, 3.00% (4.87).  

Percentage of overall evidence which functioned to support own position and weaken opponent’s 

position in the Transfer Topic. 

Of the evidence units used, the majority functioned to support a claim in both conditions and at 

both assessments. Of comparison group’s evidence units the percentage of units functioned to 

support a claim was 57.14% at initial assessment and 71.43% at the final assessment. The 

remaining percentage of evidence units of comparison group – 42.9% and 28.6%, respectively − 

functioned to weaken a claim. Of experimental group’s evidence units 57.14% served to support 

a claim, 14.29% served to weaken a claim and 28.6% consisted of meta-talk about the evidence 

at initial assessment. At the final assessment the corresponding percentages were 51.85%, 

25.93% and 22.22%. 

A two-way ANOVA analysis on each of the categories of Overall Weakenopp, Weakenopp_C 

and Supportown showed a significant change in usage of Weakenopp_C category. In particular, 

there was a Time X Condition interaction in usage of Weakeneopp_C category, F(1,26) = 6.319, 

p =.018, partial η
2
 =.196. Experimental condition students, as seen in Figure 5, exhibited an 

increase in the percentage of idea units which functioned to weaken other’s claims, from 2.31% 

(5.53) to 13.48% (7.31), whereas comparison condition students, as seen in Figure 6, showed no 

change in the respective percentages from initial – 3.50% (7.79) − to final assessment – 5.69% 

(8.43). 
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DISCUSSION 

Our findings show that students who engaged in an intervention based on argumentive discourse 

and reflective activities focused on evidence, exhibited advancements in using evidence in 

argumentation. In particular, experimental group students after the completion of the intervention 

employed twice as many pieces of evidence in their argumentation as they did at initial 

assessment, in the intervention topic. In addition, experimental group students increased 

substantially the proportion of evidence used to weaken the opponents’ claims. Control condition 

students, who also studied about climate change but engaged in a non-dialogic curriculum, did 

not exhibit any improvements in terms of producing evidence-based argumentation. Our findings 

also have important implications regarding the role of content knowledge in producing evidence-
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based arguments. Our findings extends previous research which showed that an adequate level of 

content knowledge of the topic is required for students to engage in high quality argumentation 

(Von Aufschnaiter, Erduran, Osborne, & Simon, 2008), showing that possession of content 

knowledge is probably a required but not a sufficient condition for advanced argument skills. 

Despite the improvement observed in the experimental condition in the use of evidence in 

argumentation, the percentage of idea units containing evidence was low (less than 50%) in both 

the experimental and comparison group students even after they had completed their 

participation in the dialogic and project-based interventions, respectively. These findings suggest 

that developing the skill of producing evidence-based arguments to support one’s position and to 

critique opposing positions in the context of a socio-scientific issue and transferring this skill to 

another issue, is not an easily achieved objective. This objective may require engagement in an 

evidence-focused dialogic argumentation over an extended period of time during which meta-

level understanding of argumentation as well as epistemological understanding would also 

develop (Kuhn et al., 2008). The work reported here, however, also shows that discourse, along 

with reflection, appears a promising path for supporting the development of students’ 

argumentation skills. 

 

Acknowledgment 

The work presented here was supported by the EU through the European Communities Research 

Directorate General in the project CoReflect - Digital support for Inquiry, Collaboration and 

Reflection on Socio-Scientific Debates, 2008-2011: Science in Society program, Contract 

Number: FP7, SAS7-CA-2008-217792. 

REFERENCES 

Erduran, S., Simon, S., & Osborne, J. (2004). TaPping into argumentation: Developments in the 

application of Toulmin’s argument argument pattern for studying science discourse. Science 

Education, 88. 915-933. 

Hogan, K., & Maglienti, M. (2001). Comparing the epistemological underpinnings of students' 

and scientists' reasoning about conclusions. Journal of Research in Science Teaching, 38 (6), 

663–687. 

Iordanou, K. (2010). Developing argument skills across scientific and social domains, Journal of 

Cognition and Development, 11: 3, 293 − 327. doi: 10.1080/15248372.2010.485335 

Koslowski, B. (1996). Theory and evidence: The development of scientific reasoning. The MIT 

Press. 

Strand 7 Discourse and argumentation in science education

1225



Kuhn, D. (2010). Teaching and learning science as argument. Science Education, 94 (5), 810-

824. 

Kuhn, D., Goh, W., Iordanou, K., & Shaenfield, D. (2008). Arguing on the computer: A 

microgenetic study of developing argument skills in a computer-supported environment. Child 

Development, 79(5), 1310–1328. 

Lawson, A. (2003). The nature and development of hypothetico‐predictive argumentation with 

implications for science teaching. International Journal of Science Education, 25(11), 1387-

1408. 

Moore, W. & Kuhn, D. (submitted). How is Evidence Used in Argument? 

Sadler, T., & Zeidler, D. (2005). Knowledge for informal reasoning regarding socioscientific 

issues: Applying genetics knowledge to genetic engineering issues. International Journal of 

Science Education, 89, 71 – 93. 

Von Aufschnaiter, C., Erduran, S., Osborne, J., & Simon, S. (2008). Arguing to learn and 

learning to argue: Case studies of how students' argumentation relates to their scientific 

knowledge. Journal of Research in Science Teaching, 45(1), 101-131. 

Strand 7 Discourse and argumentation in science education

1226



 

 

ARGUMENTATION IN ORGANIC CHEMISTRY 

EDUCATION 

 
Aybuke Pabuccu

1
, Sibel Erduran

2
 and Ana Moncada

3
 

1
Abant Izzet Baysal University, Turkey 

2,3
University of Bristol, United Kingdom  

 

Abstract: Scientific argumentation is the special case when the dialogue addresses the 

coordination of evidence and theory to advance an explanation, a model, a prediction 

or an evaluation (Duschl & Osborne, 2002). It is a significant goal in contemporary 

science education (Driver, Newton & Osborne, 2000). A major element important for 

engaging learners in argumentation processes in classrooms is establishing effective 

contexts and conditions for such discourse to take place. For this study, the activity 

designed to support the use of argumentation in organic chemistry lessons. The 

activity context was about conformations of alkanes. Students worked in groups and 

discussed the evidence presented on the graph and evidence cards when predicting 

right conformations of butane. Writing frames were also used for the activity to 

provide a structure and support for student writing. Group discussions and written 

frames were the data sources of the study. Mixed method approach, including 

grounded theory (generate codes in data based on iterative reading of transcripts of 

group discussions) and pre-determined theoretical categories, were used for the 

qualitative data analysis. In addition, students’ written arguments were evaluated 

using the Toulmin’s Argument Pattern  (Toulmin, 1958). Overall, this study focuses 

on the design and evaluation of learning environments that support the teaching and 

learning of argumentation in an organic chemistry context. In addition,  arguments in 

written reports and the codes from group discussions were used to understand the 

relationship between verbal and written scientific argumentation. Thus, this study is 

important and adds to the literature because it provides a new approach to the 

literature about the use of argumentation in a subject (i.e., organic chemistry) that has 

conventionally been based on rote memorization.  

Key-words: Scientific Literacy, Organic Chemistry, Argumentation, Written 

Argumentation. 

 

INTRODUCTION 

Effective science education requires student engagement in the scientific 

argumentation that occurs when the dialog addresses the coordination of evidence and 

theory to advance an explanation, a prediction or an evaluation (Duschl & Osborne, 

2002). Scientific arguments are important because they expose the justification for 

belief in the scientific worldview and the underlying rationality that lies at the heart of 

science. Thus, there is an urgent need to improve the quality of students’ 

understanding of the nature of argument in general, and argument in a scientific 

context in particular (Osborne, Erduran & Simon, 2004). Despite wealth of research 

on argumentation (Polman & Pea, 2001) designing learning environments to promote 

students' argumentation still presents challenges because the use of valid argument 

does not come naturally and it is acquired through practice. Thus, a major element 
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important for engaging learners in argumentation processes in classrooms is 

establishing effective contexts and conditions for such discourse to take place. Hence, 

for such reasons, this study focuses on the design and evaluation of learning 

environments that support the teaching and learning of argumentation in an organic 

chemistry context. Students have a great deal of difficulty in understanding the 

concepts of organic chemistry (Krylova, 1997) and they usually tend to resort to a 

memorize-oriented approach to learning (Duffy, 2006).  

Scientific argumentation is understood in written and verbal terms as products and 

processes (Jimenez-Aleixandre & Erduran, 2008). However, the relationship between 

these two modes of scientific discourse has not been fully understood yet (Knight & 

McNeill, 2012). Writing frame was designed for this study to support the students’ 

writing argumentation. Written frames could be identified more as a product because 

reports are the latest stage of the argumentation. Also, group discussions during the 

study could be identified more as a process because they show how the process of 

argumentation was done. In this vein, arguments in the written reports and the codes 

from group discussions were used in the study to understand the relationship between 

verbal and written scientific argumentation. Understanding the link between verbal 

and written scientific argumentation could be helping the learning of organic 

chemistry.  

 

METHODS 

This study focused on the design and evaluation of learning environments that support 

the use of argumentation in organic chemistry lessons. Therefore, for the study, the 

activity was developed aimed to support the use of argumentation in conformations of 

alkanes. The learning goals of the activity for students were: (a) to provide an 

opportunity to consider and evaluate evidence; (b) to generate an explanation for how 

the energy of the conformation of butane changes for the different Newman projection 

formulas; (c) to consider and evaluate the arguments of others. In this respect, activity 

required students to use and evaluate evidence presented on the graphs and evidence 

cards.  

 

Research Questions 

The following research questions guided the study. 

1- What are the features of students’ discussions when they are immersed in organic 

chemistry activity promoting argumentation? 

2- What is the quality of students’ conceptual understanding of conformations of 

alkanes? 

 3- What is the quality of students’ written arguments when they are immersed in 

organic chemistry activity promoting argumentation 

4- What is the differences that emerged in the students’ verbal and written 

argumentation when they are immersed in organic chemistry activity? 

 

Participants   
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48-second year preservice science teachers from an organic chemistry class utilized 

the argumentation activity. They were randomly assigned to four-person groups. Data 

were collected by tape recording from twelve groups. Due to technical failure, two 

groups could not be included in the analysis; thus, this study analyzed data from 10 

groups (40 preservice science teachers). The age range of the participants was about 

19 years old and they did not receive any training on argumentation, and generally 

they were not familiar with argumentation as a strategy for science education. 

 

Data Sources & Analysis 

Group discussions and written reports were used as data sources to investigate 

students’ (a) argumentation and (b) conceptual understanding. The debates were 

transcribed. Mixed method approach, including grounded theory (generate codes in 

data based on iterative reading of transcripts of group discussions) and pre-determined 

theoretical categories, was used for the qualitative data analysis. Student contributions 

were classified according to the main codes listed below: Chemistry Content; 

Uncertainty; Rebuttals; Doing School; Link to Everyday Life (see, Table 1). For 

verbal argumentation, “Uncertainty” and “Rebuttal” codes were used when students 

are evaluating knowledge claims, discussing with each other, offering justifications 

for the different hypotheses, and trying to support them. Then, we searched the 

transcripts to identify episodes of opposition and dialogical argument. In other words, 

the instances where students were clearly against each other were traced. Typically 

these instances were identified through the use of words such as “but,” “I disagree 

with you,” and so on. If students did not reach an agreement at these instances, we 

coded it as “Uncertainty”. However, if they could reach in agreement by convincing 

each other’s, we coded it as “Rebuttal”. When all students in the group were in 

agreement without arguing, excerpt was coded as “Chemistry Content”. Doing School’ 

code referred to the actions and activities or procedural displays, which constitute the 

routines and rituals in a school setting (Furberg & Ludvigsen, 2008). That is, 

procedural displays are the social habits of life in classrooms that are enacted without 

question and often without a purpose to the students. For example, in the study of 

Jimenez-Aleixandre, Rodriguez and Duschl (2000), they reported the conversational 

dynamics in the form of argumentation patterns and epistemic operations students’ 

employ while solving a problem in the science classroom. They investigated the 

discourse patterns students’ employ in discussion groups in terms of the “doing the 

lesson” or “doing school” (procedural display) vs. “doing science” (argumentation) 

perspective. Under the category of school culture, they coded the interactions that 

could be viewed as “doing the lesson” as procedural display (Bloome, Puro, & 

Theodorou, 1989) or “acting as students.” Under the category of science culture, they 

coded the instances of “talking science” or “doing science.” Lastly, “Link to Everyday 

Life” code was used if students gave an example from their life to justify their 

argument.  
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Table 1 

Codes of The Study 

Classroom talk Code 

- Everyone say their idea about the question Doing School 

- I think, Fig 1 should be at point A because it has no strain. 

- Yes. I am agree with you. 

Chemistry  

Content   

- Fig 2 should have the lowest potential energy because it has no 

strain. Yes!” 

- I think it has Van Der Waals Strain.” 

- I don’t think so. “ 

- I have still no idea about the extent of the impact 

 

 

  Uncertainty 

- There should be an angle strain 

- Yes it looks like. If it has, its potential energy must be higher. 

- Come on. It has a tetrahedral shape; every angle at the 

tetrahedral should be equal. 

- Yes, there should be 

 

 

  Rebuttals 

 

 

- There should be Van der Waals strain there. 

-  I don’t understand why? 

- It look like the world falls the shadow of the moon 

 

Link to everyday 

life 
 

 

In addition to verbal argumentations, students’ written arguments were evaluated 

using the Toulmin’s Argument Pattern (Toulmin, 1958). From perspective of Toulmin, 

arguments include a claim, data that support the claim, a qualifier that indicates the 

conditions under which the claim would hold true, warrants that provide a link 

between the data and the claim, backings that strengthen the warrants, and rebuttals 

that indicate the circumstances under which the claim would not be true (Toulmin, 

1958). His argumentation framework was used in many researches as a framework for 

analyzing the components of arguments occurring in classroom discourse and hence 

the quality of argumentation (Erduran, Simon & Osborne 2004; Simon, Erduran & 

Osborne, 2006). The application of Toulmin’s Argument Pattern (TAP) was 

underpinned by the assumption that the more elements of TAP that were present in 

the dialogue, the better the quality of argumentation. Also, Erduran et al. (2004) 

considered the arguments that include rebuttals as a measure of conversational 

engagement. Thus, they accepted the presence of a rebuttal as a significant indicator 

of quality of argumentation. Similarly, in our study, we investigated the quality of the 

groups’ written argumentation in terms of the presence of the rebuttal in their writing 

frames. The followings exemplify TAP Analysis from group-4’ written report: 

Data: the lowest potential energy at the graph  

Claim: Fig 1 should be at point D  

Warrant: it has no strain  

Backing: (-H and –CH3) do not shadow each other 

In this example, there are instances of data, claim, warrant, backing but not rebuttal or 

qualifier. Indeed, complete arguments in relation to all Toulmin categories were rare. 
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RESULTS 

For the first research question of our study, students’ conversations were transcribed 

and coded. Mixed method approach, including grounded theory (Patricia & Barry, 

1986) and pre-determined theoretical categories was used for the data analysis. The 

analysis of verbal data was made by two separately researchers. Any disagreement 

arising during the analysis was later resolved through discussion. The codes of the 

study were: Chemistry Content; Uncertainty; Rebuttals; Doing School; Link to 

Everyday Life (see, Table 1). Then, we investigated the frequency of each code in the 

transcripts (see, Table 3). 

For the second questions of the study, the number of correct and wrong/irrelevant 

statements were counted in the frames. We gave 1 point for each of the 

correct/relevant statement and -1 for each wrong/irrelevant ones in the frame. This 

measure was related with the level of students’ conceptual understanding of 

comformation of alkanes. The points earned were summed at the Table 2.  As it is 

seen, the more successful groups are G8 and G10 and the less successful group are G1, 

G4 and G9. Thus, we classified G8 and G10 as more successful groups in terms of 

their scores from the frames. Similarly, G1, G4 and G9 were accepted as less 

successful groups.  

For the third questions of the study, we investigated the rebuttals in the written frames. 

As it is seen, groups usually do not have rebuttals in their writing frames. Only 

Group-3 and Group-1 had rebuttals in their frames.  

 

Table 2  

Written data analysis for the groups 

Total  G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 

Point 6 15 12 10 12 17 12 20 10 19 

Rebuttal 3 1 - - - - - - - - 

 

For the fourth research question of the study, we investigated the differences that 

emerged in the students’ verbal and written argumentation (see Table 2; Table 3). We 

compared the more and less successful groups’ verbal argumentations and written 

argumentations. 

Table 3  

Verbal Data Analysis for sub-sample 

 

                                        Less Successful                          More Successful 

Groups G1 G4 G9 G8 G10 

Doing School 24 23 20 22 22 

ChemistryContent 18 15 19 20 35 

Rebuttal 3 5 3 10 11 

Uncertanity 1 - - - 1 
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In the light of the aforementioned discussion, the results of the study could be 

summarized as follows: 

- Students’ level of understanding of conformations was related with their quality of 

verbal argumentation because the number of rebuttals in the more successful groups’ 

transcriptions were also high. 

- Students’ level of understanding of conformations was not related with their quality 

of written argumentation. We investigated the quality of the written argumentation in 

terms of the existing of the rebuttal. However, groups usually did not prefer to write 

their rebuttals in the frames. 

- Students’ quality of verbal argumentation was not related with their quality of 

written argumentation. For instance, in terms of the analysis of verbal argumentation, 

Group-1 had 3 rebuttals and Group-8 had 10 rebuttals. However, Group-1 had 3 

rebuttals and Group-8 had no rebuttal in their written argumentation. Indeed, we did 

not ask groups to write rebuttals in their frame and probably it is because Group-8 

students did not prefer to write the rebuttals in the frame. 

- Students rarely could link the organic chemistry knowledge to everyday life. Some 

groups made connection with their life (see Table 1). However, most of the groups 

could not give an example from the life to support their claim. 

- During their argumentation process, all group students usually worried about “doing 

school” (see Table 3). The doing school code occurred more frequently compared to 

the other codes. 

- When students talk about science, all group students tend to accept the first claim 

they receive instead of against it. They mostly prefer not to argue with each other. The 

number of Chemistry Content codes were higher than the number of Rebuttal and 

Uncertainty Codes (see Table 3).   

 

CONCLUSION 

The study provides a unique context for promoting argumentation given the scarcity 

of work conducted on students’ discourse in general and argumentation in particular 

in the context of organic chemistry. Organic chemistry instruction often relies on 

memorization without much active participation by students. The design of this type 

of activity moves forward from the traditional monologic classroom discourse. The 

teacher and the students participating in the study were not familiar with 

argumentation as a strategy for science education. In particular, students prefer not to 

argue with each other and therefore tend to accept the first claim they encountered.  

The study is critical in providing teachers with an example guideline for structuring 

the lessons in ways that support evidence-based reasoning in organic chemistry 

instruction. In addition, the argumentation framework presents a novel and fruitful 

approach to the restructuring of organic chemistry teaching such that more interactive 

and active learning can take place.  
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Abstract: Reasoned argumentation has been identified as a core competency in science 
teaching and learning. In the context of online learning environments it becomes an 
important priority for sustained engagement of students in productive negotiation of ideas 
and evidence based reasoning. We report on an exploratory study of the enactment of a 
web-based learning environment (LE), on the topic of climate change, for promoting 
high-school-students’ argumentation skills. The learning environment is situated in the 
topical issue of climate change and it focuses on whether this should be best attributed to 
natural causes or to human activities. We sought to empirically investigate the extent to 
which high-school-students are able to effectively engage in dialogic argumentation and 
to explore the impact of a web-based LE on students’ argumentation skills. The LE has 
been enacted with a small group of 23 high-school students, aged 15-17. The enactment 
lasted twelve 110-minute sessions. Throughout the enactment, students worked in groups 
and each group was asked to defend one of the following two positions: climate change is 
(a) manmade or (b) natural phenomenon. They were provided with a rich set of data and 
they were engaged in a structured manner, in dialogic argumentation. Participants’ 
argumentation skills were assessed prior to and after the enactment through dyadic chats. 
The results suggest that after the enactment students were better positioned to engage in 
dialogic argumentation. Students’ chats became richer in instances of counter-arguments. 
This is consistent with the position that when students are provided with an effective 
instructional environment, they can significantly and substantially improve their ability to 
engage in dialogic argumentation. In addition to these encouraging indications data 
analysis also suggested potential amendments to the LE, including the incorporation of 
more explicit instruction about the importance of counter-argument, possible types of 
counter-arguments and their relative strength.  

Keywords: Dialogic argumentation, web-based learning environment 

 

INTRODUCTION 
The ability to engage in argumentation is widely recognized as an important skill for 
citizenship but also a significant learning objective of science teaching (Driver et al. 
2000; Jimenez–Aleixandre et al., 2000; Erduran et al., 2004). Even though argumentation 
has been the topic of extensive research in science education, there is still a need for 
further research so as to better understand how to effectively help students develop these 
skills. There is a need for the development of relevant teaching innovations and the 
experimentation with these innovations in classroom settings. This study falls in this 
research line. It focuses on the enactment of a specially designed, web-based learning 
environment (LE) with the intent to investigate the extent to which students’ interaction 
with the LE helps them effectively engage in argumentation. The main research question 
that guided this exploratory effort is the following: To what extent does students’ 
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interaction with an online LE help them effectively engage in evidence-based 
argumentation and what features of student activities sustain their efforts? 

 

RATIONALE 

Argumentation in Science Education 
Argumentation holds a central position in the development and justification of scientific 
claims and, hence, in the production and elaboration of scientific knowledge (Driver, 
Newton & Osborne, 2000). Kuhn and Udell (2003) stated that the argument is used as a 
product, which emerges from the attempt of an individual or a group of peoples to justify 
a claim, whereas argumentation refers to the process of constructing arguments. An 
argument is essentially an artifact that is constructed with the intent to justify a claim 
whereas argumentation refers to the complex process of constructing, exchanging, 
critiquing and revising those artifacts (Osborne et al., 2004). Argumentation is a social, 
intellectual activity serving to justify or refute a position.  

Argument serves as the tool for promoting argumentation practices. Therefore, 
argumentation is defined as the process of formulating claims (Kuhn & Udell, 2003) in 
order to support, critique and evaluate opposing opinions (Kuhn, 1992; Naylor, Keogh & 
Downing, 2007). Argumentation is closely connected with dialogic (Kuhn, 1992) and 
individual arguments (Driver et al., 2000). An individual constructs an argument to 
support a claim, through thinking and writing, and assesses the persuasiveness through 
the structural components of argument.  

Students’ argumentation skills: Inputs from prior r esearch 
Many studies have focused on argumentation skills and revealed that students are not 
well prepared to recognize claims and warrants presented by others and to construct and 
elaborate their own arguments (Driver et al., 2000; Jimenez-Aleixandre et al., 2000). 
Specifically, available empirical evidence suggests that students encounter substantial 
difficulties in formulating arguments and engaging in dialogic argumentation (Kuhn et 
al., 1997; 2003; 2007). An additional noteworthy finding relates to students’ tendency to 
give priority to personal views, rather than actual data, as the main justification for the 
claims they incorporate in their arguments over socio-scientific issues. The main position 
that emerges from the findings reported in the extant literature is that students who are 
not exposed to instruction about argumentation do not typically develop this competence 
in a spontaneous manner.  

Significance 
Argumentation has attracted much attention in science education research literature 
because it constitutes an important learning objective while it could also serve to provide 
an effective instructional context (Osborne, Erduran & Simon, 2004). Even though 
argumentation has been the topic of extensive research in science education, there is still 
a need for further research so as to better understand how to effectively help students 
develop this competence. There is a need for the development of relevant teaching 
innovations and the experimentation with these innovations in classroom settings.  

In the present study, we have developed a learning environment on the topic of climate 
change for promoting high school students’ argumentation skills. The LE has been 
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developed on STOCHASMOS (Kyza & Constantinou, 2007), a web-based platform 
designed to support the development of open-ended, data-rich, inquiry-based learning 
environments. It focuses on the enactment of a specially designed, web-based learning 
environment (LE) with the intent to investigate the extent to which students’ interaction 
with the LE helps them effectively engage in argumentation.  

The main research question that guided this exploratory effort is the following: To what 
extent does students’ interaction with an online LE help them effectively engage in 
evidence-based argumentation and what features of student activities sustain their 
efforts?  

Overview of Learning Environment 
The LE has been hosted on the STOCHASMOS web-based platform (Kyza & 
Constantinou, 2007). The learning environment that was used in this study was developed 
in the context of the study of Iordanou & Constantinou (under review). The LE consists 
of five main sections (figure 1). The first section assigns students with a specific mission 
(“There is evidence that the climate of the earth undergoes a shift. Your mission is to get 
prepared for a conference that deals with the issue of climate change, by answering the 
following question: Is climate change a man-made or a natural phenomenon?”). The 
second section includes information about certain phenomena of global concern that 
relate to climate change. The third section (“Parts of the system”) includes information 
about the various parts of the system responsible for earth’s climate (earth, atmosphere, 
sun) and their interactions. Additionally, students are provided with background 
information that relates to the greenhouse effect (e.g., the different ways of energy 
transfer through heat with an emphasis on electromagnetic radiation and the relation 
between its frequency and the temperature of the emitting object). Students’ attempt to 
process the available information is supported through probes intended to help them 
articulate relevant ideas. In the fourth section (“Regulation of Temperature on Earth”), 
students need to concentrate on the increase of the temperature of the earth’s surface, 
study information in relation to factors that could influence the global temperature and 
elaborate the mechanism of the greenhouse effect. Finally, in the last section, students 
need to take a position on whether global warming is a natural or a man-made 
phenomenon, in order to construct evidence-based arguments. Each group of students is 
engaged in dialogic argumentation with a corresponding group, assigned to defend the 
opposite position. Students’ attempt to construct arguments is scaffolded through a series 
of reflective probes.  
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Figure 1. Learning environment on the topic of Climate Change 

 

METHODS 

Participants 
The enactment involved a class of 23 high-school students, aged 15-17, and lasted twelve 
110-minutes sessions.  

Data Collection 
Prior to and after the enactment we collected data through two main sources. The first 
involved written, isomorphic open-ended tasks that engaged students in constructing 
arguments in two different topics: climate change (CC) (intervention topic) and cystic 
fibrosis (CF) (transfer topic). Two rival positions are presented in an articulated manner 
so as to address the following questions: a) what is your position on this? What 
argument(s) would you use to support this position? (argument), b) state a possible 
argument that could be made by another student who has chosen the other position 
(counter-argument) and c) how would you respond to this student? (rebuttal).  

The second involved transcripts of dyadic chats situated in the aforementioned topics, 
before and after the implementation. The two students in each pair were assigned to 
defend opposite positions (Intervention topic: Climate change is a man-made versus 
natural phenomenon, Transfer topic: She should undergo versus avoid the relatively risky 
procedure of prenatal diagnosis). Their task was to engage in dialogic argumentation with 
the purpose to convince his/her peer. Additional data sources that served a 
complementary role include the teachers’ reflective diary and the templates completed by 
the students while interacting with the LE.  

Argumentation Process 
Initially, each student had to complete the two written tasks (CC, CF) (figures 2&3) and 
to chat, in a structured manner, with another peer on these two topics (climate change, 
cystic fibrosis), before the implementation. Each student was assigned one of two roles, 
proponent of either the position that climate change is man-made or emerges as an 
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outcome of natural processes. This activity sought to provide students with an 
opportunity to engage in dialogic argumentation. Students’ discussions lasted up to 20 
minutes in each case and were facilitated by the chat tool embedded in the 
STOCHASMOS platform. Then, students reviewed the data in the inquiry environment 
and they completed a template. At the end of this step each group was paired with another 
group and was asked to engage in argumentation (chat 1). The groups of students 
repeated the dialogic argumentation activity (chat 2) and engaged in a reflective activity 
using the template “Let’s think I”. Each group shared the completed template with 
another group so as to provide and receive feedback. After that, the groups of students’ 
repeated the dialogic argumentation exercise for a third time (chat 3), completed a 
different template (“Let’s think II”) and discussed that with another group. 
Argumentation process used in the present study is based on the methods used in 
previous studies (Kuhn, Goh, Iordanou & Shaenfield, 2008; Iordanou, 2010). 
 
Showdown 
All students were divided in two large groups, of equal members, depending on the 
position they were asked to defend. Half of the students in each of these large groups 
were asked to serve as specialists about the arguments in support of their own position. 
The remaining half of the students was asked to serve as experts about the arguments in 
support of the other position. The members of two groups engaged in argumentation, in a 
structured manner. After the teaching intervention, students had to complete, for a second 
time, the written tasks which were exactly the same. Then, different pairs were 
formulated and engaged in dialogic argumentation in the same topics. 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 2. Climate change written open-ended test 
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Figure 3. Cystic Fibrosis written open-ended test 

 

Data Analysis 
Open-ended written tasks 

Students’ responses to the written tasks were processed so as to evaluate the extent to 
which they were in a position to formulate evidence-based arguments (A), 
counterarguments (C-A) or rebuttals (R). Counterarguments are arguments that contradict 
one’s original opinion. Rebuttals are arguments that seek to refute the counterarguments. 
The ability to use counterarguments and rebuttals is assumed to be among the most 
advanced aspects of the competence of argumentation. The criterion for the evaluation of 
the student arguments was the number of evidence-based justifications they had included 
in their written responses. The analysis drew on a revised version of a coding scheme 
developed by Zohar and Nemet (2002). The score range for the number of evidence-
based justifications was 0-5 (0=no answer, 1=only claim, 2=personal thoughts, 3=1 
evidence-based justification, 4=2 evidence-based justifications, 5=3 or more evidence-
based justifications). The distribution of students’ responses across the levels of this 
ordinal scale, prior to and after the enactment of the LE was compares using Wilcoxon’s 
signed-rank test. 

 

Table 1 
Examples of Student Responses 
 
Criterion   Students’ responses (CC) 
2 evidence-
based 
justification 

It is a man-made phenomenon as people enhances the greenhouse effect, but 
greenhouse gases are produced by nature. Moreover, the temperature of the Earth 
over the last decade increased by 0.6 oC. 

3 or more 
evidence 
based 
justification 

Global warming is a natural phenomenon because there is evidence that the Earth 
underwent similar changes in the past, in that periods in which temperature was 
increased were followed by periods of higher temperature and vice versa. There is 
no evidence suggesting that human actions are responsible for this. 
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Dyadic Chats 

The transcribed chats were processed so as to assess the functional relation between each 
two consecutive contributions exchanged by the two students in each pair. The unit of 
analysis was set at the utterance, that is the minimum part of a contribution made by a 
peer which serves a specific function in the conversational exchange. Each utterance in 
the discourse was segmented and categorized as shown in the coding scheme (figure 4), 
which, to large extent, relied on an existing scheme reported by Iordanou, 2010. The 
results of the analysis of chats were also exposed to quantitative treatment, using non-
parametric tests (e.g., χ2). 
 

 

Figure 4. Dyadic chats: coding scheme 
 

RESULTS 
Open-ended written tests 
Tables 2 show the results of the categorization of the students’ responses using the coding 
scheme. As shown in table 2, the number of the evidence-based justifications underwent a 
substantial, statistically significant increase at the final assessment (Argument: z=-3.289, 
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p<0.05, r=-.69; Counter-argument: z=-3.459, p<0.05, r=-.72; Rebuttal: z=-3.535, p<0.05, 
r=-74). Similar findings also emerged in the case of the transfer topic. Prior to the 
teaching intervention only a small proportion of students gave more evidence-based 
justifications. On the contrary, after the implementation students tended to cite more 
reasons in support of their arguments (z=-2.076, p<0.05, r=-.42), counter-arguments (z=-
3.350, p<0.05, r=-.70) and rebuttals (z=-3.360, p<0.05, r=-.70).  
 

Table 2 
Results from Written Tests 
 
 Climate Change Cystic Fibrosis 
Cat. Argument Counter-

argument 
Rebuttal Argument Counter-

argument 
Rebuttal 

 Pre 

(%) 
Post 
Ν(%) 

Pre 

Ν(%) 
Post 

Ν(%) 
Pre 

Ν(%) 
Post 

Ν(%) 
Pre 

Ν(%) 
Post 

Ν(%) 
Pre 

Ν(%) 
Post 

Ν(%) 
Pre 

Ν(%) 
Post 

Ν(%) 
0 0 0 4 0 4 0 0 0 0 0 0 0 
1 11 0 0 4 14 9 4 0 4 0 7 0 
2 39 13 46 4 68 9 21 17 42 17 57 9 
3 25 17 50 39 14 52 47 26 50 39 25 35 
4 21 31 0 39 0 30 21 39 4 39 11 52 
5 4 39 0 14 0 0 7 17 0 5 0 4 

Total 100 100 100 100 100 100 100 100 100 100 100 100 
Pre (N=28), Post (N=23) 

 
Dyadic chats 

Data from the initial assessment suggested that students were not well positioned to 
productively engage in argumentation. This is consistent with the claim made in the 
literature that argumentation skills do not emerge spontaneously and that students who 
are not explicitly engaged in argumentation are not likely to develop these skills (Kuhn & 
Udell, 2007). Data analysis also provided encouraging indications of the improvement in 
students’ argumentation skills. In particular, students’ discussions became richer in 
contributions directly related to argumentation. As shown in table 3, transactive 
statements, that is statements that directly promoted argumentation about the specific 
topic at hand, were significantly more frequent after the enactment, for both topics (CC: 
χ

2=48.12, p<0.05; CF: χ2=48.18, p<0.05).  
 

Table 3 
Results from Dyadic Chats 
 
 Climate Change Cystic Fibrosis 
Cat. Pre Utterances 

(%)  
Post Utterances 

(%)  
Pre Utterances 

(%)  
Post Utterances 

(%)  
1 90 (35) 40 (14) 79 (30) 29 (10) 

2 18 (7) 8 (3) 10 (3) 6 (2) 

3 0 (0) 15 (6) 11 (4) 10 (4) 

4 28 (9) 24 (9) 36 (14) 21 (8) 

5 125 (49) 181 (68) 128 (49) 211 (76) 

Total 257 (100) 268 (100) 264 (100) 277 (100) 
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Table 4 describes the variation within those transactive statements. After the enactment, 
there was an increase in the proportion of counter-arguments (both counter-alternative 
and counter-critique). Counter-argument alternative involves a statement of disagreement 
with a peer’s preceding utterance accompanied by an argument which gives alternative 
reasons to justify a claim. Counter-argument critique includes a statement of 
disagreement with a peer’s preceding utterance accompanied by a critique of the 
argument that had been offered. This change, which was statistically significant (CC: 
χ

2=14.04, p<0.05; CF: χ2=14.77, p<0.05), provides another indication as to the 
improvement in students’ ability to engage in argumentation.  
 

Table 4  

Variation within Transactive Statements 
 

 Climate Change Cystic Fibrosis 

Transactive 
Statements 

Pre 
Utterances 

(%)  

Post 
Utterances 

(%)  

Pre 
Utterances 

(%)  

Post 
Utterances 

(%)  

Other 99 (79) 107 (59) 100 (78) 122 (58) 

Counter-Alternative 11 (9) 25 (14) 12 (9) 33 (15) 

Counter-critique 15 (12) 49 (27) 16 (13) 56 (27) 

Total 125 (100) 181 (100) 128 (100) 211 (100) 

 

In addition to these encouraging indications, data from students’ chats also revealed some 
interesting patterns, which are suggestive of the intricacies involved in helping students 
develop argumentation skills and discussed in more detail below.  

 

DISCUSSION AND CONCLUSIONS 

This paper reports on an exploratory study intended to investigate the high school 
students’ difficulties on argumentation and examined the extent to which their interaction 
with the learning environment has helped them develop argumentation skills. 

Results from the initial assessment showed that students often fell short of justifying their 
claims with appropriate data and revealed their tendency to either use irrelevant data or 
cite data without explicitly linking them to their claim. This is consistent with the existing 
literature, which suggests that students who do not receive explicit instruction do not 
typically develop argumentation skills in a spontaneous manner (Kuhn & Udell, 2007).  

The results from the final assessment, revealed an increase in the number of evidence-
based justifications in students’ arguments, which is suggestive of increased awareness of 
the importance of evidence-based justifications. This is consistent with the claim made in 
the literature that when provided with appropriate instructional conditions, students can 
significantly improve their ability to construct better arguments (Osborne et al., 2004).  

The analysis of the chats provided additional encouraging indications with respect to the 
improvement in students’ argumentation skills. In particular, students’ conversations 
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became richer in contributions directly related to argumentation. In addition, after the 
implementation, transactive statements, which require high-level reasoning skills such as 
counter-alternative and counter-critique, become considerably more frequent. This is an 
indication that structured learning environments situated in topical socio-scientific issues, 
could provide a powerful context for engaging students in structured argumentation and 
helping them develop competence in argumentation (Sandoval & Reiser, 2004). 

The data that emerged from this study provided some really encouraging indications as to 
the possibility to impact on students’ argumentation skills. However, they also suggest 
possible limitations that could guide the refinement of the learning environment. 
Additionally, they reveal relevant intricacies that could have implications for research on 
teaching/learning argumentation, more broadly. One such example relates to the extent to 
which instruction should engage students in explicit discourse about epistemological 
aspects of argumentation, such as the importance of counter-arguments, possible types of 
counter-arguments and their relative strength. 

One such issue relates to the fact that, in some cases, students’ discussion tended to be 
fragmented in the sense that the contributions made by a student, rather than building on 
the arguments offered by his/her peer (e.g., by critiquing his/her arguments), essentially 
introduced new arguments. Thus, despite the overall increase in the frequency of 
counterarguments after the enactment of the LE, those that explicitly challenged a given 
argument appeared significantly less frequently than the counter-arguments that merely 
suggested alternative perspectives. Even though this is not necessarily problematic it 
could be suggesting a lack of appreciation of how a direct critique of a given argument 
could serve a productive role in sustaining the argumentative discourse or lack of sound 
understanding of possible types of counter-arguments and their relative strength in a 
conversation.  
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Abstract: Providing students with the opportunity to discuss or debate controversial SSI 

gives them the chance to develop skills associated to critical thinking. This study is part of 

a project that investigates the promotion of these skills by engaging students in the 

analysis of the reliability of different scientific studies related to a SSI. In order to collect 

research data, an activity based on the Attention Deficit Hyperactivity Disorder (ADHD) 

was designed and carried out in five secondary schools where 291 students, aged 14-15 

and 16-17, participated. One part of this activity was asking the students to design a 

scientific research to study whether the use of stimulant medications to treat ADHD 

increases the risk of substance abuse in adulthood. In this paper we analyze the scientific 

researches proposed.  

Observing the students’ proposals we classified the researches depending on the 

objective, the methodology followed (observational or interventional) and the sampling of 

the study (use of control groups or the presence of a description of the sample). We 

describe the collected data and compare them between students of different ages and 

different specializations in their education. By performing Chi-squared tests we 

determined whether the differences found were significant. On the one hand, attending to 

the age of the students we found significant differences in the methodology proposed. 

Although observational studies were always preferred, interventional studies appeared 

much more frequently in older students. On the other hand, we divided the students 

between 16 and 17 years old into scientific or humanistic students depending on their 

education specialization. Attending to this division, we found significant differences in 

the methodology and the sampling method. Students with a predilection for science 

proposed interventional studies more and mentioned control groups much more frequently 

than student of humanities. Implications for research are discussed. 

 

Keywords: Socio-scientific Issue, critical thinking, design of scientific researches, 

Secondary school, ADHD  
 
 

INTRODUCTION 

Background and rationale 

Strand 7 Discourse and argumentation in science education

1245



Critical thinking is frequently conceptualized as one of the goals of science education 

(Bailin, 2002). By broad definition it is a form of reflective thinking that ultimately helps 

one to decide what to believe or do (Ennis, 1996). It is related to many functions 

including evaluating the arguments of others, evaluating one’s own argument, resolving 

conflicts and understanding resolution. Behind the promotion of these skills, there is the 

need of analyzing information properly, developing criteria for choosing amongst 

conflicting views (Norris & Korpan, 2000) and developing skills in handling information 

for disentangling opinions and interpretations from facts (Tytler et al., 2000). In order to 

promote and develop such critical thinking skills, Socio-scientific Issues (SSI) can be 

used.  

 

During the recent past, SSI have been introduced in science classrooms and also 

investigated by science education researchers (Albe, 2007). SSI relative to health, 

environment, and techno-scientific innovations are defined as social dilemmas linked to 

science about which citizens have to make decisions (Molinatti et al. 2010). These issues 

are multi-faceted, address real world issues and expose students to problems that involve 

a number of discrepant scientific, social or moral viewpoints (Ratcliffe & Grace, 2003). 

Hence, SSI are said to be vehicles, not only for raising students’ interest in science, but 

also for enacting scientific practices and critical thinking and strengthening generic skills 

such as team-work, problem-solving or media literacy.  

 

It is important to highlight that SSI appear almost daily in the mass media. Notice that, 

nowadays, the media (newspapers, magazines, television, radio and the Internet), taken as 

a whole, are considered “the most easily accessible sources of scientific information to the 

general public” (Lewenstein, 2001, p. 30). Nelkin (1995) declared that: “For most people, 

the reality of science is what they read in the press” (p. 2). In her opinion, the media 

represent the only contact that most of the population have with the rapidly changing 

fields of science and technology, as well as a major source of information on the social 

implications of these changes. Even citizens with a scientific or technological background 

are incapable of following the specialized literature of all scientific fields, resorting to the 

media to stay informed about scientific progress outside their specialty (Bauer, 1992). 

However, sometimes the media present a sensationalist image lacking in rigor and 

stereotyping science and scientists (Nelkin, 1995). Moreover, it usually confronts citizens 

with science that is different from the one that is usually introduced in science classes 

since the news in the media highlight a “borderline science” that is controversial, 

preliminary and under debate (Zimmerman et al. 1999). All those media influences stress 

the need of schools promoting the discussion of students’ conceptions about the 

interactions between science, technology and society (Reis & Galvao, 2009) and the 

development of critical thinking skills.  

 

Kolsto (2001) points out that one of the main frustrations mentioned by lay people trying 

to form an opinion and to understand discussions concerning SSI is the perceived 

disagreement among different scientists and institutions. The results reported in his study 

showed that students interpret such disagreements in terms of interests, personal opinions 

and incompetence related to scientists. From our point of view, these interpretations and 

the difficulties of students when dealing with uncertainty regarding to SSI are due, among 

other aspects, to students’ conceptions about the processes of science and its epistemic 

base.  
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According to scientific literacy “students are expected to develop an understanding of the 

epistemology of scientific knowledge as well as the processes and methods used to 

develop such knowledge” (Zeidler et al, 2005, p.358). An important principal of the 

scientific enterprise is that scientists share their evidence with the scientific community 

and they can evaluate one another’s explanations. Science is a social activity and 

scientists’ theoretical and disciplinary commitments, beliefs, prior knowledge, training, 

experiences, and expectations often influence their work (Lederman et al, 2002). Despite 

this, most formal science education focuses on a conventional, non-controversial, 

established and reliable science. As a consequence, students tend to come up with the idea 

that science is a collection of facts and theories based on experiments that yield an exact 

result when they are well done or carried out by scientists from the same field of 

knowledge (Etkina, Murthy, & Zou, 2006; Kung & Linder, 2006; Rollnick, Lubben, Lotz, 

& Dlamini, 2002). These differences between the science reported in the media and the 

one that is usually presented in science classes could be another one of the reasons why 

students have difficulties dealing with uncertainty and with scientific disagreement related 

to SSI.  

Therefore, we believe that it is important to provide students with a more realistic image 

of science in their classes. This means engaging them in scientific practices
1
 and 

promoting critical thinking skills. Understanding that science is a human activity, that 

scientific knowledge is tentative and that scientists continually test and challenge previous 

assumptions and findings, may help students to understand scientific disagreement. With 

this goal in mind, incorporating the analysis and discussion of scientific studies in science 

classes may be a useful tool in order to help students to understand how scientific 

knowledge is produced.  

This paper reports part of a thesis project focused on the promotion of critical thinking 

skills by engaging students in the analysis of the reliability of different scientific studies 

related to a SSI. The first phase of this research consisted on introducing the SSI to the 

students, discussing all the controversies related to it and then asking them to describe 

which researches could be done in order to contribute to find out new scientific 

knowledge related to one of the controversies presented. In this paper we describe and 

analyze the researches proposed, highlighting some of the research implications.  

Objective of the research 

Bearing in mind the background and needs just presented, in this study we address the 

following research objectives: 

1) To describe which are the research objectives that students proposed in their 

studies. 

2) To analyze which aspects concerning the methodology of the studies were 

described by the students. 

3) To explain which aspects of the sample were described by students.  

4) To find out if there are significant differences in the students’ proposed studies 

according to their scientific knowledge and age.  

 

METHODOLOGY 

 

Data collection 
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In order to achieve the objectives previously explained, a classroom activity was designed 

and carried out in 5 secondary schools from February to June 2012, in Barcelona (Spain).  

A total of 291 students took part, 58 students aged 14 to 15 and 233 students aged 16 to 

17. The elder students were in post-compulsory secondary education and this was the first 

year that they had to choose a scientific, social or humanistic specialization in their 

studies. These ages were chosen because the topics related to the SSI selected are dealt 

with for the first time in the curriculum at 13-14 years-old and for the last time at 16-17 

years-old, for students who chose the scientific option (81 students in our case).  

In the case of the 14-15 years-olds, the activity was carried out in science class. For the 

rest of the students it was part of a science course within the core curriculum. This course 

covers the study of current scientific problems or events with an emphasis on 

argumentation and is basically a course that imparts scientific information. The research 

data was assessed from classroom products including worksheets and field notes from the 

classroom observation. 

The SSI selected  

The SSI selected was the controversy related to stimulant treatment for Attention Deficit 

Hyperactivy Disorder (ADHD) was the SSI selected.  

ADHD is one of the most common neurobehavioral disorders of childhood. It is a group 

of behavioral symptoms characterized primarily by the co-existence of attentional 

problems and hyperactivity, with each behavior occurring infrequently alone and with 

symptoms starting before seven years of age. ADHD, its diagnosis and the use of 

stimulant medication in its treatment is considered controversial since the 1970s. Since 

ADHD is usually reported in the media and paying special attention to the fact that the 

percentage of children with an ADHD diagnosis continues increasing, we considered that 

helping students to understand the controversies related to it was relevant. Therefore we 

thought that using the controversy related to its treatment was a suitable tool for engaging 

students in designing scientific researches.  

The activity designed  

The activity lasted 2h and was divided into two one-hour sessions. At the first session, 

ADHD was introduced as a SSI by listening to a radio program where different 

stakeholders implicated in this disorder explained their knowledge and experiences 

related to it. After that, students analyzed the viewpoints of various stakeholders and read 

information about different controversies regarding ADHD such as its definition or cause, 

its diagnosis and its treatment. Then, at the second session, since one of the stakeholders 

talked about the disagreement of health professionals about the effectiveness of the 

stimulant used to treat ADHD, students read information about this stimulant 

(Methylphenidate) paying special attention to its use and adverse effects (see Figure 1).  

Once students had read this information and discussed it with the whole class following 

the guidance of the teacher, they were introduced to one of the most controversial issues 

in child psychiatry: whether the use of stimulant medications to treat ADHD increases the 

risk of substance abuse in adulthood (Wilens et al., 2003). 
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Figure 1. The effects of stimulants in the brain. 

Teachers explained that although latest research far suggests that individuals with ADHD 

do not become addicted to their stimulant medications when taken in the form and dosage 

prescribed by their doctors, and that several studies report that stimulant therapy in 

childhood does not increase the risk for subsequent drug and alcohol abuse disorders later 

in life, there are studies that report opposite results. Assuming the need of carrying out 

more research, students were asked to design a scientific research aimed to find out 

whether people treated with Methylphenidate have an increased risk for subsequent drug 

and alcohol abuse disorders (see Figure 2). We analyze students written responses.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Question about the design of a scientific research proposed. 

All stimulants work by increasing dopamine
 
(a brain chemical, or neurotransmitter, 

associated with pleasure, movement, and attention) levels in the brain. The therapeutic 

effect of stimulants is achieved by slow and steady increases of dopamine, which are 

similar to the natural production of the chemical by the brain. The doses prescribed by 

physicians start low and increase gradually until a therapeutic effect is reached. 

However, when taken in doses and routes other than those prescribed, stimulants can 

increase brain dopamine in a rapid and highly amplified manner (as do most other 

drugs of abuse) disrupting normal communication between brain cells, producing 

euphoria, and increasing the risk of addiction (Centers for disease control and 

prevention, 2005). 

Methylphenidate  binds to 
nerv terminals 

Dopamine levels are 
increased 

… and what do scientific studies report about this issue? 

The results of several scientific studies reveal that Methylphenidate increases the levels of 

dopamine in the brain. Furthermore, some of them also point out that Methylphenidate 

possesses some structural and pharmacological similarities to cocaine. By referring to these 

two aspects, there are scientists who warn that people treated with this stimulant have an 

increased risk of suffering substance abuse disorders in their life. The effects of long-term 

Methylphenidate treatment on the brain development of children with ADHD is still a subject of 

study and debate.  

Taking this information into account, describe a scientific research that could be conducted 

in order to find out whether people treated with Methylphenidate develop an increased risk 

of substance abuse. 
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Data analysis 

According to other studies (Oliveras et al., 2011; Wu & Tsai, 2007) and to our research 

goals, students’ proposals were analyzed following qualitative methods combined with 

quantitative parameters of analysis. Students’ responses were read in order to take 

preliminary notes regarding patterns emerging from data that were then compared with 

categories obtained in other studies. Then, frequency of responses within each category 

was calculated with the support of Atlas.Ti. Finally, credibility and trustworthiness was 

established through independent examination of data by several investigators and through 

triangulation of data. 

RESULTS AND DISCUSSION 

In this section, results are organized by objectives.    

1) To describe which are the research objectives that students proposed in their 

studies. 

 

In their proposals, most students (83,2%) aimed to analyze the relationship between being 

(or having been) treated with Methylphenidate and the development of drug addiction. 

They tried to explore whether the fact of taking this medicine increases either, the 

predisposition to consume drugs or the degree of dependence on substances such as 

alcohol, tobacco or cocaine. This means that most students focused on analyzing the 

specific problem presented to them.  

Other students also referred to the scientific knowledge previously discussed by 

proposing to analyze in depth the stimulant used in ADHD treatment (13,7%) or the 

secretion of Dopamine in the brain (2,4%). Whereas the first ones focused on studying 

Methylphenidate with the aim of better understanding how this medication acts in our 

body, which are its side effects and whether people treated with it become addicted to it; 

the second ones focused on studying in depth the secretion and action of dopamine in the 

brain, since this brain chemical is related to the action of drugs and to the treatment of 

ADHD. Another aspect to be pinpointed is that there were also a few students (0,7%), all 

of them aged 16-17, who suggested the development of researches for new drugs in order 

to investigate new ways to treat ADHD or to reduce the side effects caused by the current 

treatment.  

 

2) To analyze which aspects concerning the methodology of the studies were 

described by the students. 

The results illustrated in Table 1 show that whereas there are students who do not explain 

the methodology of their proposals (usually they just mention the research objectives of 

their studies), most of them provide details of the methodology of their researches. In this 

latter case, they mainly refer to two different aspects. The first one is related to the 

strategies followed in order to collect research data, for instance, observations, analysis or 

monitoring different aspects of the experiment and the second one is related to the way 

the researchers behave when conducting the study. In accordance with a common way of 

classifying clinical trials, the methodologies described by students have been categorized 
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in observational or interventional studies. An observational study is one where the 

researchers do not actively manage the study, while in an interventional one, the 

researchers manage the study by providing participants with drugs or medicines. 

Examples of both kinds of studies can be found in Table 1. 

Table 1 

Distribution of the researches proposed regarding the methodology followed. 

Kind of 

methodology 

Exemplars % 

Methodology is 

not described 

E1: “…will investigate the adverse effects of Methylphenidate” 

E2: “…will find out if the stimulant increases brain dopamine” 

3,8 

Observational 

methodology 

E3: “...we will give questionnaires to people suffering from 

ADHD asking about the consume of substances such as tobacco, 

alcohol and cocaine. We will sample people under medication 

and people who do not take medication for the disorder. After 

this, we will compare the results obtained…” 

E4: “...to ask drug addicts whether they had been diagnosed 

from ADHD and medicated with Methylphenidate. Calculating 

and comparing the percentages obtained…” 

E5: “...We control the levels of dopamine secreted of a healthy 

person, a drug addict and a person suffering from ADHD that is 

under medication. We compare these levels and if the ones of the 

medicated person and the drug addict are similar, we will 

consider that the Methylphenidate is a drug...”  

65,3 

Interventional 

methodology 

E6: “...we make 3 groups. One group is provided with the 

treatment continuously in a long-term basis, another is provided 

with the treatment sporadically and the last group is given a 

placebo. When they reach adolescence, we facilitate them the 

access to addictive substances and observe whether the 

medicated groups are more likely to consume them....”  

E7: “...we divide the people participating into two groups. 

Only one group is given Methylphenidate. After 3 months we 

analyze which persons have consumed drugs”  

 

E8: “...we pick a subject and provided them with a drug, 

another subject is given Methylphenidate and another subject 

is given both, the drug and the Methylphenidate. We perform 

an analysis to see which differences are observed in each 

case…”  

 

E9: “...we hide Methylphenidate in an edible that the patients 

with ADHD participating in the experiment dislike and 

analyze whether they start liking the edible and if they want 

to eat more of it when the medicament is present in it....”  

30,9 
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These results reveal that students are able to describe the methodology they would use in 

order to collect data and to state the role that researchers should play when conducting the 

study. However, they do not mention anything about the specific variables they will 

analyze, how and when they pretend to analyze them or the need of guaranteeing the 

reliability and the reproducibility of their studies. Finally, we would like to pinpoint that 

there were students who proposed creative researches (see exemplar E9) and others who 

did not take into account ethical aspects that should be intrinsic to scientific researches 

(see exemplar E8). In our opinion, exemplars like these should be shared with the whole 

class in order to promote discussions about the role of creativity in scientific knowledge 

development and the need of guarantying ethical conducts.  

3) To explain which aspects related to the sample were described by students.  

 

The analysis of students’ responses show that there are students who: 

a) Do not provide details about the participants of their studies  

b) Provide details of the subjects that would be involved in the study: the number of 

patients enrolled in the study, their age or their specific health conditions (for 

example whether the participants suffer from ADHD, whether they are or have 

been under stimulant medication, or whether the participants suffer from any kind 

of drug or alcohol abuse disorders). 

c) Provide details of the subjects that would be involved in the study and also 

establish the participation of control groups. Students refer to the participation of 

two different types of control groups: 

a. Control 1: the study involves subjects with and without ADHD. 

b. Control 2: the study involves subjects diagnosed with ADHD who are (or 

have been) treated with stimulant medication and subjects who have never 

been treated with it.  

Table 2 shows the percentage of students that referred to each of these categories. As it 

can be seen, almost half of the students provide details of their sample but do not include 

the participation of control groups. Students who defined control groups mostly identified 

the need of including control 2 or both controls 1 and 2 groups.  

Table 2 

Distribution of the studies regarding their sampling. 

Details of the sample provided by the students Percentage of students 

that referred to it 

S1 Sample is not described 21,5 

S2 Sample is described without including the participation of 

control groups 

42,6 

S3 Sample is described including the participation of control 

groups 

36,0 

S31 Students referred only to control 1 2,8 

S32 Students referred only to control 2 19,7 

S33 Students referred to control 1 and 2 13,5 
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4) To find out if there are significant differences in the students’ proposed 

studies according to their scientific knowledge and age.  

 

In order to analyze the possible influence of students’ age or specialty on the type of 

studies proposed, we compared the data using Chi-Squared Tests. In this section, we will 

describe the significant differences observed in our research. A difference is statistically 

significant when the p-value of the test is less than 0,05. When defining the objectives of 

their researches, no significant differences are found in terms of age or specialty of the 

students. However, when dealing with the methodology proposed, we found significant 

differences between students of different ages (p-value = 0,0006) and between students 

with different specialties (p-value = 0,0012). Although observational methodology is 

always preferred, older students choose interventional studies much more frequently than 

younger ones and students with a predilection for science choose interventional studies 

much more frequently than students with a predilection for humanities (see Table 3).  

Table 3 

Distribution of the studies regarding the methodology followed depending on the age and 

specialization of the students. 

 Percentage of students considering… 

Kind of methodology described 

by students 

aged 

14-15 

aged 

16-17 

Taking science 

options 

Taking humanities 

options 

Methodology is not described 3,4 3,9 0 5,6 

Observational methodology  86,2 60,1 50,9 64,9 

Interventional methodology 10,3 36,1 49,1 29,5 

 

With respect to the details that students provided about the sample, although the 

description given by the students does not differ significantly depending on their age, 

when focusing in the oldest students (aged 16-17), we found significant differences (p-

value = 0,0005) between the students who chose a scientific option and those who chose a 

humanistic option in their education. Most of the students taking science options 

mentioned the participation of control groups whereas only a third of students taking 

humanities options referred to them (see Table 4).  

Table 4 

Distribution of the studies regarding their sampling depending on the age and 

specialization of the students. 

 Percentage of students … 

Details of the sample provided by students Taking science 

options 

Taking humanities 

options 

Sample is not described 12,7 28,1 

Sample is described without including the 

participation of control groups 

30,9 39,1 

Sample is described including the participation of 

control groups 

56,4 32,8 
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CONCLUSIONS AND IMPLICATIONS 

The results of the present research suggest that engaging students in the designing of 

scientific researches allow teachers (and researchers) to detect different ways in which 

students understand scientific practices.    

When explaining their proposals, students mostly described observational and 

interventional studies. The kind of methodology proposed depends on students’ age and 

on their scientific knowledge, since students aged 16-17 and students taking science 

options described more interventional studies than the rest. From our point of view, these 

results show that being familiar with the scientific methodology may help students to 

design scientific researches. This means that more attention should be paid into 

explaining science-in-the-making to all students, not only the ones that would study 

scientific careers. In accordance with this need, our results also reveal that students’ 

scientific knowledge influence the definition of control groups of participants when 

describing the sample. Students tend to provide sampling details such as the number of 

patients enrolled in the study, their age, and their specific health conditions, but only 

students taking science options tend to include the participation of control groups in their 

studies. Hence, the need of defining control groups in a research should be discussed with 

all students. 

Our results show that there is a need to guide students and promote their participation on 

whole-class discussions conducted by the teacher in order to help them think about all the 

aspects that should be taken into account when designing scientific researches. Science 

affects and is affected by various elements and intellectual spheres of the culture in which 

it is embedded. These elements include, but are not limited to, social fabric, power 

structures, politics, socioeconomic factors, philosophy and religion (Lederman et al., 

2002). All these background factors form a mindset that affects the problems scientists 

investigate and how they conduct their investigations, what they observe (and do not 

observe), and how they interpret their observations (Lederman et al, 2002). Therefore, it 

is important to engage students in activities that allow them to put in practice all this 

knowledge and that help them identify the main aspects of a scientific research. With such 

activities, for instance, students would become capable of understanding the relevance of 

defining control groups and of assuring the reliability and the reproducibility of their 

studies. Furthermore, it is also relevant to help them realize that guaranteeing ethical 

conducts and avoiding the influence of financial interests are key when conducting 

scientific researches. Thus, by designing researches and discussing about them, students 

may develop abilities in analyzing and evaluating data, and, consequently, critical 

thinking skills would be promoted. Finally, it is important to state that objectives related 

to critical thinking and to working with SSI cannot be achieved in a single activity or unit 

but rather by being included regularly in science classes. 

 

Notes 
 
1
 By using the term “Scientific practices” we are refering to “the specific ways members 

of a community propose, justify, evaluate, and legitimize knowledge claims within a 

disciplinary framework” (Kelly, 2008, p.99). 
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Abstract: This paper examines the relationship between classroom discourse and a particular kind 
of learning, termed appropriation, that encompasses both the mastery of disciplinary content as 
well as situating one’s learning in wide and personal projects of intellectual and emotional growth.   
Our analysis focuses on data collected during an extended teaching/learning path on 
thermodynamics that took place in a scientifically oriented high school in Italy.  Previous analysis 
of this data corpus resulted in the generation of an operationalizable definition of appropriation. We 
build upon this work here in beginning to elaborate the relationship between classroom discourse 
and individual cases of appropriation. In interviews, the teacher of this class used a metaphor of 
“pulling the rope and letting it go” to describe: (1) How she managed the pace of collective 
construction of knowledge i.e., keeping the whole class tuned (pulling the rope) and (2) Introducing 
variations in the rhythm of the discussions so as to allow students with different styles of learning to 
engage (letting it go).  This combination of “pulling the rope” and “letting it go” was conjectured to 
be instrumental in supporting appropriation.  Here we investigate this conjecture by studying two 
contrasting lessons in which the teacher (A) “pulled the rope” and (B) “let it go.” We created maps 
of the structure and dynamics of each lesson to gain insight into particular macro features that 
distinguished the two lessons (e.g., patterns of turn-taking, fluctuations in pace of the discussions, 
etc.) Finally, we zoomed in on the way the participation of particular focal students was structured 
with an eye toward uncovering aspects particularly relevant for understanding individual processes 
of appropriation. 
 
Keywords: Appropriation, identity, productive disciplinary engagement, classroom discourse, 
thermodynamics 

  
BACKGROUND, PURPOSES AND RESEARCH QUESTIONS 

The broad goal of the work reported in this paper is to create and analyze classroom environments 
in which learning of and in a scientific discipline (e.g., physics) can contribute to students’ 
processes of developing their own identities (Baumann, 2001; Giddens, 1991; Sfard & Prusak, 
2005). Much work in the learning sciences is concerned with productive disciplinary engagement, 
as defined and operationalized by Engle & Conant, 2002.  From our perspective, disciplinary 
engagement in classrooms is productive when it helps students to develop their understanding of 
scientific ideas in ways that contribute to and enrich the personal narratives that they are in the 
process of constructing – that is, their identities. We are driven by the question “How can we foster 
classroom discussions which can support students in productive disciplinary engagement and 
appropriate the content of their science courses?” 
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Our analysis focuses on data collected during an extended teaching/learning path on 
thermodynamics.  The learning experience took place over 25 school periods in a class of 20 
students (aged 17) in a scientifically oriented high school in Italy. Several features of the 
teaching/learning path were innovative, including the emphasis on opportunities for students to 
coordinate multiple perspectives and dimensions of the material (epistemological, historical, etc.) 
and to construct a longitudinal orientation to learning thermodynamics in relation to models and 
theories they had already studied (Levrini et al, 2013). A previous empirical analysis of the 
classroom experience allowed us to show that students made progress in learning not only the 
disciplinary content of the teaching/learning path, but in a broader, personally relevant, sense that 
we termed appropriation.  

The construct of “appropriation” has a long history in the research literature, tracing back to 
Vygotsky, 1978; Sfard, 2007; Rogoff, 1995, and Bahktin, 1981.  The words of Bahktin on 
appropriation are particularly evocative: 

It [a word] becomes ‘one’s own’ only when the speaker populates it with his own intentions, 
his own accent, when he appropriates the word, adapting it to his own semantic and expressive 
intention. Prior to appropriation, the word […] exists in other people’s mouths, in other 
people’s contexts, serving other people’s intentions: it is from there that one must take the 
word, and make it one’s own. (Bakhtin 1981, pp.293-4) 

Bahktin’s notion of appropriation arose in the context of linguistics, but it can easily be adapted for 
considering scientific discourse. For our purposes, we can think of appropriation of a scientific 
word (e.g., force, heat, temperature, etc.) and the process by which individuals construct meaning 
for this word.  This meaning becomes inflected with personal tastes and purposes. The process by 
which this meaning is constructed occurs as individuals use the word in the context of a particular 
community (in our case, within the context of a particular classroom community).   

In a previous study (Levrini et al., under review) we described some discursive markers to specify 
and operationalize appropriation. In interviews conducted at the end of the thermodynamics unit, 
we discovered that the discourse of students who appropriated thermodynamics concepts and ideas 
shared the following markers.  Their discourse was: 

A. developed around a set of words or expressions repeated several times and linked together 
so as to express an authentic, idiosyncratic “signature” idea with respect to physics 
(thermodynamics) and was different from student to student; 

B. disciplinarily-grounded i.e. the signature idea was used by the student as a tool for selecting 
pieces of disciplinary knowledge; 

C. thick i.e. the signature idea involved a metacognitive dimension (what learning physics 
meant for the student) and an epistemological one (what image of physics made sense to the 
student); 

D. non-incidental, i.e. the signature idea was expressed in several activities throughout the 
experience (not only in the interview);  

E. carrier of social relationships, i.e. the signature idea positioned the student within the class 
community (the “engineer”, the “philosopher”, the “mediator”…)  

These discursive markers allow us to make the following operational definition for appropriation:  
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Appropriation is a complex, reflexive process (marker C) of transforming scientific discourse (e.g., 
scientific words and utterances) so as to embody it in one’s own personal story (marker D). 

This process: 

- respects the rules and constraints of the discipline (marker B); 
- transforms scientific discourse with one’s own intentions, idiosyncratic tastes, and purposes 

by focusing her/his attention on key-words or expressions (marker A); 
- has an intrinsically authentic and social nature (marker E): it is sensible both for oneself and 

also within the social context of the classroom.  

To ground what we mean by a personal idiosyncratic or signature idea around which a student 
might organize their learning physics content, we consider the cases of Matteo and Michele, two 
students in the class with interestingly personal and contrasting ways of experiencing the learning 
of thermodynamics.  

For Matteo, the idiosyncratic “signature” idea that enabled him to recognize that what he liked most 
within his study of thermodynamics (the arrow of time in the discussion of entropy) was the 
philosophical distinction between “being” and “becoming.” Matteo had a strong interest in 
philosophy and his learning of physics was strongly inflected by his orientation to philosophy.  
Matteo’s signature idea about “being” and “becoming” helped him to make sense of 
thermodynamics concepts themselves. For example, when he was interviewed about the concept of 
temperature, Matteo focused his attention on the distinction between delta T (temperature gradient) 
and T (temperature), because he saw, in this distinction, the philosophical difference between 
becoming (change) and being (a state). He, in particular, recognized such a distinction in the 
comparison of two physical laws that included temperature. In the formula of calorimetry 
(Q=mc∆T), Matteo saw an expression of becoming: “there is a change [because of ∆T] that means 
everything is not stable and everything is not being, there is something that changes.” In the Ideal 
Gas Law (PV=nRT) he instead saw an expression of being: “[There is] absolute temperature T, 
that doesn’t change. There is not ∆ [difference in temperature], there is not the change….” 

In contrast, the idiosyncratic “signature” idea that Michele’s discourse revolved around can be 
recognized in a sentence from the end of unit interview in which he explicitly states: “I like Physics 
because it explains how reality works. That is to say, I’m very curious about how objects work and 
about natural events….” Michele had a strong interest in engines, real objects, and “what works.” 
The prototype of a physical theory sensible to Michele is classical mechanics: “We were looking for 
causes there [referring to the study of mechanics],”  and this gives a “framework” for understanding 
“ things of the real world,” like engines, which he is very keen on. When asked about the concept of 
temperature, Michele, according to his personal taste, focused his attention on the temperature 
gradient because this is what makes engines work. What he found particularly important in 
temperature is that “Different temperatures are necessary …only with different bodies with different 
temperatures can we have a cycle and work; different temperatures induce a heat exchange – as we 
call it – and the heat exchange induces work; heat is turned into work.” 

It is notable that in both the cases, they did not repeat the definition of temperature provided by the 
teacher. Instead, they focused their attention on different pieces of knowledge related to temperature 
and reassembled them according to their signature idea. In the words of Bahktin, Matteo and 
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Michele, in selecting and reassembling pieces of knowledge, populated a disciplinary word 
(temperature) with personal intentions and purposes. 

ORCHESTRATION OF CLASSROOM DISCUSSIONS 

In this work, we examine the relationship between collective discussions orchestrated by the teacher 
and individual processes of appropriating the material of these discussions.  We frame this work 
within the literature on classroom discourse analysis (e.g., Cazden & Beck, 2003; Engle & Conant, 
2002; O’Connor & Michaels, 1996).  One of the major contributions of the current work is that we 
are building off of the prior tools and techniques of classroom discourse analysis in order to observe 
a very specific phenomenon:  patterns of interaction that support appropriation.  The nature of our 
focus (individual-collective dynamics) and the outcome we are interested in (appropriation) 
distinguish us from previous work in this area.  

An important part of this work involves documenting and characterizing the complex, but regular 
patterns of interaction between a teacher and her students.  In this, we build upon the goals and 
methods of Schoenfeld’s 2002 analysis of an experienced mathematics teacher orchestrating 
classroom discussions.  What may have seen “improvisatory” in her teaching to a casual observer, 
in fact was a complex, regular pattern that was part of her professional repertoire and deeply related 
to her ideas about students, learning, and mathematics.   While the teacher herself was conscious of 
some aspects of the pattern, Schoenfeld’s analysis of the structure of interactions between the 
teacher and her students led to a deeper understanding of this interactional pattern. 

Our work focuses at both the level of productive talk moves used by the teacher (e.g., revoicing; 
O’Connor & Michaels, 1992) and also at the level of larger orchestration patterns (IRF; Initiation, 
Response, Feedback, Mehan, 1979; Candela, 1999; Five Practices for Orchestrating Productive 
Discussions of Smith, Engle, Stein & Hughes, 2008).  We are interested in the way productive 
teacher moves are nested within larger patterns of interaction that contribute to appropriation.   As 
we will illustrate in the analysis, the move of revoicing (O’Connor & Michaels, 1992), in particular, 
plays an important role in supporting appropriation.  

Methodologically, our work also shares features with others who conduct video based studies of the 
interaction between instruction and its effect on learners (e.g., Seidel & Prenzel, 2006). Like Seidel 
and Prenzel, in looking for associations between instruction and student learning, we also create 
profiles of students. However, the nature of the profiles that we create for studying processes of 
appropriation are different in nature than the profiles of Seidel and Prenzel that enable the grouping 
of students who may share particular identifying characteristics related to their background as 
students or their motivation.  Our profiles, as the brief description given above of Matteo and 
Michele illustrates, are organized around students’ signature ideas.  These profiles are described in 
more detail in Levrini et al, under review.  

RESEARCH DESIGN AND METHODOLOGY 

In interviews, the teacher used a general, yet evocative, metaphor of “pulling the rope and letting it 
go” to describe: 

- How she managed the pace of collective construction of knowledge i.e., keeping the whole 
class tuned (pulling the rope); 
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- How she introduced variations in the rhythm of the discussions so as to allow students with 
different styles of learning to engage (letting it go).   

We conjectured that this combination of “pulling the rope” and “letting it go” was instrumental in 
supporting appropriation, but we needed to discover more in detail (1) what the specific features of 
“pulling the rope and letting it go” were as enacted in her classroom and (2) how it possibly 
functioned at the individual level to support students’ appropriation of the material.     

From the entire teaching/learning path, we therefore selected two contrasting lessons in which the 
teacher (A) “pulled the rope” and (B) “let it go.” Lesson A was a synthetic collective discussion 
about the major aspects of the macroscopic approach to the second law of thermodynamics. Lesson 
B was an open and reflective discussion on points related to epistemological texts (authored by 
Einstein and others) on methodological distinctions between macroscopic and microscopic 
approaches to developing theories.  Lesson A and B were the final two lessons of the 
teaching/learning path, after approximately 20 hours of instruction on thermodynamics. Lesson B 
was particular in the sense that this lesson involved the discussion of an epistemological 
questionnaire the students had considered also at the beginning of the teaching/learning path. 
Having this epistemological discussion at the beginning of the path was meant to give students the 
language with which to reflect on the nature of the theories they were learning as they progressed 
through the thermodyanmics unit. 

Contrasting features of Lessons A and B 

Lesson A included topics that were very close to the disciplinary content the students had been 
explicitly studying.  For instance, an example topic for lesson A was Clausius’s and Kelvin’s 
statements of the second law and the connection of the latter with the Carnot’s theorem about 

efficiency (η<1).   Questions were directed at single students who were responsible to provide 
answers (and there were right/wrong answers to the questions asked).  An example of a question in 
Lesson A was “Matteo, how are ideal engines connected with Kelvin’s statement? What is the 
formal expression of the efficiency for an ideal engine?”   

In contrast, lesson B concerned changes in students’ responses to the questions posed concerning 
the epistemological texts they had read.  An example of the kind of question that was asked of 
students in lesson B was “In light of what you have seen throughout this path on thermodynamics, 
what would you say today about the choice of Einstein to put relativity as well as the macroscopic 
approach to thermodynamics among “theories of principles”? Did anyone change their mind about 
this issue since we began our study of thermodynamics?” Such questions were epistemological in 
nature.  There were no right/wrong answers – the questions posed of students were genuine puzzles 
to both the facilitators and the students and the class took them up as such. Furthermore, the 
questions that were posed explicitly asked students to connect their current learning to other kinds 
of theories they had encountered previously (e.g., relativity, mechanics) and to draw connections 
between these theories.  Lastly, questions were addressed to the entire collective, not to individual 
students.  That is, the responsibility for engaging with the entire discussion was felt by the entire 
class.  

DATA ANALYSIS AND PRELIMINARY RESULTS  

The lessons were transcribed so as to capture the rhythm of the discussion and also to make visible 
the teachers’ real-time decision-making process (e.g., including line-by-line reflective notes of the 
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teacher).  We created “bird’s eye maps” of the lessons by recording who was speaking and for how 
long (in 2 second increments).  These maps of the structure and dynamics of each lesson were 
generated to gain insight into particular macro features that distinguished the two lessons (e.g., 
patterns of turn-taking, fluctuations in pace of the discussions, etc.). Finally, we zoomed in on the 
way the participation of particular focal students was structured with an eye toward uncovering 
aspects particularly relevant for understanding appropriation.   

We begin with our analysis at the collective level (classroom discussion) and present below the two 
bird’s eye maps of lesson A and lesson B.   These maps show the participants in the discussion 
along the y-axis and amount of time each participant had the floor at a given time along the x-axis. 

Already there are some very interesting things one can notice from this kind of representation of the 
two class discussions.  For example, one can tell that the teacher (in red at the bottom of the figures) 
drives the lessons.  The lack of moments of silence in the first lesson (lesson A) can be interpreted 
as an indication that the students are following the discussion and are able to participate.  In lesson 
B, there are actual moments of silence in several places.  In the lesson, the silences actually had 
different qualities to them. Some of the silence was at the beginning of the class when students 
needed to break the ice.  Later the silence had a more contemplative tone as students took time to 
evaluate and consider their positions with respect to the discussion they were having. A third point 
of contrast between the two lessons was that in the first lesson there were extended turns between 
the teacher and students where the teacher decides who will speak and stays with them for an 
extended amount of time allowing them to refine their responses.  In lesson B, there were 
substantially more student-student interactions.  Students debated directly with each other.  The 
teacher (and co-facilitator in this lesson) played more of a facilitating role.   

 

 
 

Figure 1.  Excerpt of map of lesson A. The duration of each unit is 2 seconds. 
 

Strand 7 Discourse and argumentation in science education

1262



 

Figure 2. Excerpt of map of lesson B. The duration of each unit is 2 seconds. 
 
From this kind of structural representation of the classroom discussion, there are also many things 
that cannot be seen.  Firstly, we cannot see whether students are explicitly building on the ideas of 
their peers.  From this structural analysis, we can only see the collective context where 
appropriation occurred but nothing about processes of appropriation themselves, since this is a 
personal and individual process.  General features of the interaction cannot alone give us insight 
into moments of appropriation.   For this reason, a second level of analysis is needed – one in which 
we delve into the individual level to look at moments of appropriation.  We would like to take care 
to emphasize that appropriation is a long process that does not happen only in isolated moments.  
However, the moments we focus on are relevant for the development of students’ personal 
narratives with respect to their broader development as well as with respect to the learning of 
thermodynamics.  

Individual Level Analysis 

We will now pass to the individual level of analysis. This involved studying particular interactions 
between the instructor and focal students.  However, for forming an interpretation of the data useful 
for assessing its relationship to the issue of appropriation, it is necessary to zoom out from the 
particular interactions with particular students and to consider the wider corpus of data available for 
the student (e.g., his/her profile, interview, previous class discussions, etc.)  This allows us to 
determine if, how, and why such moments were important with respect to appropriation.  

In order to do this zoom in to the individual level, we built on the previous work in Levrini and 
collegues (under review) in creating profiles for the students of the class around their idiosyncratic 
organizing ideas.  In this paper, we chose Matteo as focal student.  

 
 
 
 
 
 

Strand 7 Discourse and argumentation in science education

1263



Table 1 
 
Commented Excerpt from Lesson A. 
 
Turn Transcript Comments 
1 Teacher: We have seen that from here [from the 

second law] comes thermal machines and that the 
efficiency… 

The teacher does not need to pose an explicit question.  
She suspends her voice to check where Matteo is, 
expecting him to pick up the thread. 

2 Matteo: The efficiency in a cycle can not be greater 
than 1, but… However, this is also in an ideal cycle.  

Matteo understands and picks up the thread of 
reasoning.  

3 Teacher: Good.  It cannot be… We are considering 
an ideal cycle, an ideal, reversible cycle as Carnot 
did.  So?  

The teacher revoices Matteo’s contribution following 
confirmation that his reasoning is correct.  (“Good.  It 
cannot be.) 
 
The next phrase of the teacher is a further elaboration 
of her revoicing in with she presses on a small 
imprecision in what Matteo said and she slighly 
elaborates “An ideal cycle, an ideal, reversible, cycle” 
so as to signal that Matteo could be more precise in his 
description of the values the efficiency can take on. 

4 Matteo: It must necessarily be smaller than 1. Matteo understands and immediately fixes the 
imprecision.  

5 Teacher: Exactly. Smaller than 1, not higher and not 
even equal. 

The teacher’s re-voicing here serves the purpose of 
underlining and reinforcing the student’s contribution 
(Smaller than 1 means not higher and not even equal). 

6 Matteo: exactly, not even equal Matteo’s re-voicing serves the purpose of giving 
feedback that is is following. He is well positioned on 
the point. 

7 Teacher:  If it were equal ... Tell me, efficiency is 
equal to… 

The teacher invites and supports Matteo in grounding 
his argument on formalism. 

8 Matteo: Efficiency is equal to work over heat 
absorbed.  
 

9 Teacher (in writing the formula on the blackboard): 
Good. Work is equal to… tell me it in terms of heat 

10 Matteo: Heat absorbed minus heat lost 
 
The teacher is writing the formula for the efficiency 
that Matteo is telling her on the blackboard. 
 

� =  
�

����

=
���� − �
���

 ����

 

 
11 Teacher:  If the efficiency were 1, which of these 

terms would be zero?   
The teacher encourages Matteo to complete his 
reasoning. 

12 Matteo: The heat lost ... and this is not possible. Matteo provides, finally, the right, complete and well-
argued response. Moreover, he shows he is well 
positioned with respect to the whole reasoning. His 
last sentence “this is not possible” refers to the very 
beginning question of the teacher, not to the last one 
(If the efficiency were 1, which of these terms would 
be zero?). 

 
In table 1, we zoomed in on a particular moment in lesson A between Matteo and the teacher.  
Matteo is pressed by the teacher to give the formal expression for the efficiency of an ideal engine. 
He comes to state that efficiency is work over heat absorbed.  She then asks him to express work in 
terms of heat (Heat absorbed minus heat lost) and what terms would be zero if the efficiency were 
1.  In this case, “pulling the rope” is implemented by the teacher through careful and differentiated 
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ways of revoicing: revoicing for emotionally supporting a student, for encouraging a better 
positioning by fixing inaccurate points, for reinforcing a disciplinary concept so as to enable 
reasoning to proceed. Through these different ways of revoicing, “pulling the rope” acts as a way 
of positioning Matteo with respect to physics and with respect to the class. In the eyes of the other 
students in the class, Matteo is indeed the philosopher – an important intellectual figure in the 
classroom community in that he frequently sought out debates on philosophical issues with his 
peers. However, he was not an acknowledged disciplinary reference with respect to physics in the 
classroom community.  Moments like the one above are important for Matteo both emotionally and 
socially – for him to gain credibility in the eyes of his peers and himself with respect to the content 
of the teaching/learning path. The teacher knows this and her careful use of revoicing is not by 
chance. The teacher’s interventions are indeed not simply a way to assess Matteo’s understanding. 
Her way to press Matteo to stay close to the formal structure of physics is mainly due to the 
implications that this has both on his self-confidence and also on his social positioning in the class. 
As methodological note, information like Matteo’s social positioning and general personal tastes are 
not visible within limited segments of transcript.  It is for this reason that we found we needed to 
interpret such transcript segments in light of the broader corpus of data we have access to. 

Now, consider the following segment of transcript of Matteo in Lesson B.  Here, we focus on 
specific turns in the transcript involving a debate between Matteo and Michele (another student in 
the class whose signature idea was discussed earlier).  In the context of lesson B, the 
epistemological discussion, the teacher let the rope go in the sense that she asked the students to 
address a puzzling question about which she knew that students in the class had different points of 
view. The question she posed to the class was “Which lens on thermodynamics (“macroscopic” or 
“microscopic”) do you consider to be “closer to reality?” The norms of the debate, established by 
the teacher in the class in this and other discussions, were that students were asked to be generous 
and to provide their contribution to the collective debate. The only constraint was that they had to 
try out their ideas by searching for inner consistency in their argument and by positioning one’s 
own point of view with respect to other possible ones.  

In this context, Michele argues for microscopic approaches – like constructive theories -- because 
he argues that you can see more a sense of mechanism and how things work in them. Matteo 
defends macroscopic approaches because he doesn’t like that one can just make assumptions and 
model and go from there, as is done in the microscopic approach. That is, that there are aspects of 
reality that are not captured in this approach as they depend on how people see and interpret the 
world (and thus he objects to the idea that constructive approaches can be closer to reality if they 
depend on the person’s perspective). In the following turn (which actually goes on for nearly 2 and 
a half minutes in its entirety), Matteo tries to make sense of the position Michele shared about 
constructive theories.   

Matteo: Perhaps [I feel less comfortable] with constructive theory (e.g., a microscopic 
approach to thermodynamics, based on kinetic theory of gases) that is, the one based on the 
underlying assumptions … on models that we make, it depends.   The fact of whether it is 
true or not also comes from ourselves, how we understand truth.  

… 

That is, one [Michele] can think that some things are true that are not validated in reality.  
But maybe for them [Michele] it is however true because we as humans construct the 
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world and what we see depends on how we think of the world and how we experience the 
world.  

In the broader scope of Matteo’s development, this is another important moment for Matteo. The 
teacher created the conditions that allowed him to explore his idiosyncratic orientation toward 
physics. The created conditions include: i) the formulation of a question that could foster a student-
to-student debate, ii) the establishment of discussion norms that, in fact, provide the students with 
the awareness that, in physics, multiple epistemological tastes are possible and legitimate, provided 
that disciplinary constraints and inner consistency are respected.  

In the above, we can see that in lesson A, the teacher “pulled the rope,” keeping Matteo close to the 
content goals of the lesson.  In Lesson B, she “let the rope go” and gave Matteo the space to engage 
in debates and develop his personal philosophical position.   

With respect to the definition of appropriation and the characteristic discursive markers described in 
the operational definition, Lesson A was thoroughly disciplinary-grounded (marker B) and also 
afforded opportunities to work on developing some of the emotional and social aspects of learning 
physics, especially, for example, as we saw in the cases of Matteo (marker E).  Lesson B 
emphasized consistency, thick argumentation (markers C, D) and the need to find a genuine, 
personal, point of view and express it in the social, dialogical dynamics (markers A, E).  Matteo’s 
point of view come through quite clearly in this discussion.  

Appropriation provides a perspective for understanding how the construction of students’ personal 
identities requires the teacher to orchestrate collective and individual dynamics in a way that 
students are required and also supported in coordinating the multiple dimensions (disciplinary, 
metacognitive, epistemological, social) included in the operational definition of appropriation.  As 
we saw in the analysis, neither lesson nor pattern of orchestration alone was sufficient for providing 
the conditions for development along every dimension important for appropriation.  We conjecture 
that “pulling the rope” alone would have led the students to think that physics is a discipline where 
the strict constraints of the discipline necessarily imply a unique point of view. That is, answers 
could only be right or wrong and there could be no room for infusing reasoning processes with 
personal tastes and purposes. On the other hand, we also conjecture that if students only 
experienced lessons in which the teacher’s orchestration involved “letting the rope go,” students 
may come away with the impression that all points of view are equally viable without qualification. 
In this case, they may not appreciate the specific quality of physics argumentation that includes 
freedom in the ways of looking at and in constructing models of how the world works, while also 
being subject to the constraints of the discipline.  Therefore, we argue that the combination of the 
two types of orchestration was important for appropriation because it allowed students to appreciate 
the existence of constraints on physics models and arguments.  At the same time, the combination 
nurtured their talent in seeking out and defending a personal point of view, among a range of 
possibilities. Supporting students in appropriating the material through managing this combination 
of contraints and freedom thus demonstrates how physics learning can be a context for both 
disciplinary learning and identity formation.  

FINAL REMARKS, IMPLICATIONS AND RELEVANCE FOR RESEA RCH 

In this paper, we followed one example of how the complementary patterns of “pulling the rope” 
and “letting it go” function in supporting students’ processes of appropriation. There is still 
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significant future work involved in understanding more about the orchestration pattern of “pulling 
the rope” and “letting it go.” For instance, the question remains what other possible orchestration 
patterns might support appropriation.  One of the outcomes of this study is that not only is it 
important for students to have opportunities for development with respect to the five dimensions of 
appropriation, but also the way the opportunities to work on the dimensions is facilitated is 
important.  For instance, a collection of activities meant to tap into each of the five dimensions in 
isolation, is unlikely, in our view to foster appropriation.  The interaction between the dimensions 
seems crucial and students need opportunities to position themselves with respect to the discipline. 

Framed within design studies (Cobb et al. 2003), this research, although empirically-based, is 
theoretically-oriented: it is part of an iterative process aimed at developing a “humble theory” for 
explaining when, how and why appropriation is triggered and supported in classrooms. We plan to 
further refine and operationalize our understanding of this possible mechanism for fostering 
appropriation by studying how it functions with other implementations of the same learning path in 
the same school context (and other teachers).  We have a large corpus of data from other 
implementations both with this teacher and others, and we plan to use this data as our next starting 
point for pushing these ideas further. 

Developing a theoretical understanding of how, when, and why appropriation occurs that can 
inform the design of teaching/learning conditions likely to support appropriation is a complex, 
ongoing research endeavor. The creation of learning experiences that are both intellectually and 
emotionally rich for students is a critical one to all who are interested in instructional design, 
responsible teaching, and sustainable learning. More systematic understandings of how 
appropriation is mediated in classroom discussions have direct implications for the design of 
effective teaching/learning experiences. 

NOTES 
1. The teacher in this class is one of the co-designers of the teaching/learning path and one of 

the co-authors of this study. 
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INTRODUCTION 

 

In our present society we constantly learn about issues on e.g. global warming, genetically 

modified foods, new drugs, sustainable development, animal welfare, and the use of DNA 

evidence in crime scene investigations. As citizens, we need to critically evaluate the claims 

made by science and make informed decisions about science-based issues. In brief, we need to 

be scientifically literate. Consequently, we need to develop scientifically literate students. 

Strand 8 focuses on socio-scientific issues (SSI) and scientific literacy. Socio-scientific issues are 

contentious and acute issues that relate to science but arise as issues in the social, economic, 

political or ethical sphere of human life. The term scientific literacy has been used since the late 

1950s to describe several distinct concepts and goals, simplified as ‘the public understanding of 

science’. According to a general definition given by the PISA Framework, scientific literacy is: 

“…. the capacity to use scientific knowledge, to identify questions, to draw evidence-based 

conclusions in order to understand and help make decisions about the natural world and the 

changes made to it through human activity”
1
. Since the appearance of the term ‘scientific 

literacy’, it has been considered an essential part of general education all over the world. In this 

book of e-proceedings of the ESERA conference 2013, for strand 8 twenty-three papers are 

presented. Several themes can be distinguished. 

Six theoretical papers are presented in this strand. Three papers present the topic ‘context’. One 

paper identifies three meanings for ‘context’ by examining some streams of philosophy of 

science. One paper discusses the notion of ‘context’ and text in discursive approaches in SSI. 

The third paper reviews four models of ‘context’ in relation to the learning environment.  

Another paper discusses the importance to consider the cultural context in SSI. The fifth paper 

presents the use of the science-to-society relationship for inspiring the development of innovative 

pedagogies for SSI-based science education. The last theoretical paper concerns the topic that 

teachers are forced making their teaching more relevant to avoid loss in interest and motivation 

of students. But how can you define the meaning of ‘relevance’ in science education? 

Only one paper discusses the dimensions of a topic used in SSI. This paper shows that the topic 

farm animal welfare has ethical, scientific, legal, political and professional dimensions. Within 

these dimensions several points of discussion can be identified. But, looking at educational 

practices, these dimensions are not always present and teachers find it difficult to address the 

multidimensionality of this socially acute question.  

In relation to this last remark, one paper presents an inventory on teachers’ view on the 

significance of scientific literacy and the introduction of SSI in the science classroom. In 

addition to this theme, four papers in this strand present the design and findings of the first, 

second, and third round of the International PROFILES Curricular Delphi Study on Science 

Education on how to promote and enhance scientific literacy in the future. In the first round, the 

stakeholders’ views in each country were collected and categorized. In the second round, the 

stakeholders’ priority and reality assessments of these categories were identified within each 

                                                           
1 OECD (2003). The PISA 2003 assessment framework – Mathematics, reading, science and problem solving knowledge and skills, chapter 3, 

p.133. 
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country. Results of the third round show that aspects are less present in science education than 

they should be according to the stakeholders’ priority assessments. 

Taking the students as object of study, one paper presents the lack of the science awareness of 

the role of science in society and the impact of science on social issues of early secondary school 

students. These students relate school science to learning about science (content knowledge). 

Three papers in this strand focus on students’ content knowledge in SSI. One paper investigates 

the impact of a game about green energy and sustainable development on the personal 

epistemology (simplicity of knowledge) of secondary school students. The other paper examines 

the improvement of students’ use of content knowledge when reasoning about SSI by the 

introduction of laboratory activities prior to the reasoning task whereas the third paper 

investigates the influence of conceptual content prior knowledge about SSI-dilemmas on 

university students’ informal reasoning in several contexts.   

Looking at the above-mentioned definition of scientific literacy, several communication skills (to 

read, to write and to present) and decision-making skills can be defined. The last seven papers 

within this strand are related to these skills. One paper focuses on the use of scientific language 

and decision-making skills during a GM food debate. Another paper explores the connection 

between (acquiring) content knowledge, communication skills, and decision-making skills in SSI 

in chemistry.  Four papers explore the types of arguments (content knowledge, moral and ethical 

values or religious or cultural beliefs) used by students. One of these papers also examined how 

students argued (procedural norms) and another paper identified difficulties students encountered 

in written tasks and used the outcome of the study to develop learning environments for 

promoting these skills. Further, while one paper claims that the topic of the SSI has influence on 

the use of prior content knowledge by students when reasoning, another paper states that the 

topic of the SSI do not have a direct influence on students’ decision-making skills.  

The set of papers highlights different aspects of teaching scientific literacy and socio-scientific 

issues in science education at several different education levels from early secondary school to 

university. Reading these papers, one can elucidate several connections between objects of study, 

like students’ decision-making skills and the link between prior knowledge and the role of the 

theme of the SSI. On the other hand, the theoretical papers bring greater clarity to the meaning of 

the concepts used and to the understanding of the learning of scientific literacy and SSI.  

 

Miriam Ossevoort and Jan Alexis Nielsen 
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CeFIEC-Instituto de Investigaciones Centro de Formación e Investigación en Enseñanza 

de las Ciencias, Universidad de Buenos Aires, Argentina.  

 

Abstract: In this paper, I review some of the historical meanings that have been given to 

the notion of context in the philosophy of science, with the hypothesis that these 

meanings can be theoretically valuable in the realm of didactics of science (i.e., science 

education as an academic discipline). Through an analysis of the hegemonic schools of 

20th century philosophy of science, I recognise three progressively enriched theoretical 

meanings for the term ‘context’ and its derivatives. In the first, positivistic meaning, the 

context can be understood as the epistemic framing within which a set of scientific 

processes take place; from such framing, the activity as a whole takes sense through the 

nature of its aims. In the second meaning, which to some extent redesigns the notion of 

scientific rationality, the context includes all the relationships that locate 

(‘contextualise’) scientific subjects in their specific place and time. In the third meaning, 

from post-Kuhnian philosophy of science, the context in constituted by the factors that, 

being external to scientific knowledge as an epistemic object, shape its nature and 

dynamics. Thus, what can be called a ‘contextual’ analysis reveals the historical and 

cultural factors affecting science, and through which science is effected. I very briefly 

suggest some implications of these three broad meanings of context for the practice of 

science education in the classrooms of the different educational levels. 

Keywords: context, philosophy of science, epistemic framing, scientific subjects, 

contextual analysis. 

 

INTRODUCTION 

The aim of this paper is to review some historical meanings with which the idea of 

(epistemological) context has been used in the philosophy of science during the 20th 

century. This review cannot purport to be exhaustive, since the concept of ‘context’ has 

proved to be extremely rich and fruitful in the philosophical reflection about the nature 

of science (cf. Hoyningen-Huene, 1987). 

I assume here the hypothesis that the meanings of ‘context’ that I retrieve as a result of 

my analysis are of theoretical value for didactics of science (i.e., science education as an 

academic discipline). Accordingly, I briefly draw some implications of my review for 

the practice of science education in the different educational levels.  

I manage to identify three meanings for context through an examination of some 

mainstream schools of recent, professional philosophy of science (figure 1): namely, 

logical positivism and critical rationalism before World War 2, the new philosophy of 

science just after the War, and –more recently– the so-called post-Kuhnian philosophy 

of science, which focuses on new epistemological issues, such as scientific practice, 

language and values. 
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Figure 1. A map of the main schools of the philosophy of science in the 20th century. I 

have gone through some of these schools to retrieve their use of the idea of ‘context’. 

 

METHODOLOGICAL DECISIONS 

As I have advanced, the aim and perspective of the examination presented here is 

provided by the discipline of didactics of science: I inspect philosophical ideas through 

the lens of their eventual fruitfulness to characterise the nature of school science. 

I examine primary sources, i.e., authors such as Reichenbach or Kuhn, who have 

explicitly used the notion of context, and secondary sources, i.e., reviews and meta-

analyses that have focussed on the theoretical value of the notion within the philosophy 

of science. 

I search for the classical construct of ‘context’, but also for some of its derivatives –

mainly ‘contextualised’ and ‘contextual’. I also pay attention to philosophers who 

postulate or retrieve ideas that can be considered akin to the notion of context, e.g., 

background, setting, milieu, collectives, communities, inter-subjectivity, under- and 

over-determination, constraints, etc. 

For explanatory purposes, I resort to metaphors in order a capture the meanings that I 

indentify in the literature. This decision is connected to the didactical purpose of the 

paper; the aim is to provide imagistic characterisations of context that allow better 

distinguishing the different senses and help in the transfer of those senses to their 

educational uses. 
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THREE BROAD MEANINGS FOR THE IDEA OF ‘CONTEXT’: 

1920-1980 

As a result of my literature review, I manage to determine three conceptually separable 

ideas of ‘context’, which should not be considered as incompatible, but rather as 

progressively richer and more encompassing. 

The first meaning of epistemological context can be safely labelled as (neo-)positivistic: 

it is designed in the 1920s and 1930s as a theoretical foundation to give validity to the 

kind of analyses performed on scientific theories by the Vienna Circle. 

The second meaning for context could be considered post-positivistic, since it is 

conceived within a philosophical school –critical rationalism– that intended to be a 

plausible alternative to mainstream analytical philosophy of science, and then it is 

refined and sophisticated in the new philosophy of science that emerged as a 

consequence of the discontent of philosophers of science with classical analyses. 

The third meaning is in turn anti-positivistic, insofar it embodies theses that are at odds 

with the main assumptions of the syntactic view of scientific theories. Among those 

theses are: 1. the consideration of theories as ‘holons’ of non-deductive nature; and 2. 

the conceptual impossibility of completely separating between the history and the 

philosophy of science when performing sophisticated analyses on the products of 

science. The three following sub-sections explain these three meanings. 

 

CONTEXT AS A SPHERE IN WHICH A SPECIFIC KIND OF 

SCIENTIFIC PROCESSES OCCUR 

In the first sense, context is understood as a scenario or a framing that gives epistemic –

i.e., intra-theoretical– meaning to some specific aspects of the scientific activity (cf., 

Martínez, 2003). An adequate metaphor for this first meaning of context would be that 

of the ‘sphere’: a context is an identifiable compartment where a set of scientific 

processes of one kind or other –production, normative or logical justification, etc.– 

occur or are developed. 

Thus, scientific contexts can be equated to sets of elements that characterise science as 

an activity guided by diversity of aims and, to a lesser extent, laden by a plurality of 

values. Such aims and values are internal and specific to the scientific endeavour; they 

are related to the cognitive will of giving meaning to the natural world. 

As a paradigmatic example of this first use of the idea of context, the so-called contexts 

of discovery and of justification were proposed and defined by the German philosopher 

of science Hans Reichenbach within the school of logical positivism, in the first half of 

the 20th century. Although Reichenbach introduces the separation of contexts, and its 

possible uses, in his book Experience and prediction (Reichenbach, 1938), there is no 

explicit definition of the very construct (cf., Aufrecht, 2011). This might be due to the 

fact that the construct itself, as authors such as Hoyningen-Huene (1987) point out, was 

by then well established and had a rich pre-history within continental philosophy of 

science, both in the Hegelian tradition and in the neo-empiricist approach of the Vienna 

Circle. 

Reichenbach’s formulation of this clear-cut separation between two spheres, one where 

theories are discovered and another one where they are (logically) justified, was aimed 

at “clearing up much confusion” in meta-thoretical analyses, and was cast within the 

Strand 8 Scientific literacy and socio scientific issues

1274



framework of the distinction between three specific tasks for the philosophy of science: 

descriptive, critical, and advisory (Reichenbach, 1938, chapter 1). According to 

Reichenbach, epistemology and philosophy of science can only deal with the context of 

justification of scientific theories, since their object of analysis are the heavily stylised 

‘rational reconstructions’ of those theories, and not the actual forms in which they live 

in the scientific practice: 

Epistemology does not regard the processes of thinking in their actual occurrence; 

this task is entirely left to psychology. What epistemology intends is to construct 

thinking processes in a way in which they ought to occur if they are to be ranged in 

a consistent system […]. Epistemology thus considers a logical substitute rather 

than real processes. For this logical substitute the term rational reconstruction has 

been introduced. (Reichenbach, 1938: 6; italics in the original) 

Reichenbach’s seminal proposal was extensively used in the philosophy of science, and 

then imported to didactics of science. Afterwards, it was thoroughly discussed, 

critiqued, expanded, and corrected. Thus, the original two-context proposal was 

enriched after World War II by neo-positivists within the so-called ‘received view’ in 

the philosophy of science. Refinements were aimed at capturing a wider variety of 

epistemic operations within science practice, such as discovering, inventing, creating, 

innovating, applying, transferring, justifying, assessing, evaluating, teaching, 

indoctrinating, popularising, etc. (cf., Echeverría, 1995; Klimovsky, 1995; Carrier & 

Nordmann, 2011). 

In science education, the idea of the existence of different epistemic contexts for the 

scientific practice can provide a meta-theoretical conceptualisation of science that better 

identifies and separates its various aims, giving a personality of its own to what can be 

called school scientific activity (Izquierdo-Aymerich and Adúriz-Bravo, 2003). 

Incorporating a genuine context of scientific education, as it is proposed by the Spanish 

philosopher Javier Echverría (1995), can lead to recognising, in a more refined way, the 

continuities and discontinuities between scientists’ science and school science. 

 

CONTEXT AS A BACKDROP FOR SCIENTIFIC SUBJECTS 

The second sense of context moves away from empiricism and sheds new light on the 

rationality of scientists. The use of the idea of context in this second stage has to do 

with opening up the theoretical perspective from an epistemic subject that, in order to be 

studied, was abstracted and separated from the background –an approach that was 

favoured by the positivistic view– towards a real, cognitive subject, creative and 

inventive, inserted into a community, and constrained and conditioned by different 

influencing factors. Thus, this ‘context-2’ can be seen as a rather static ‘milieu’ or 

‘background’, analogue to a ‘backdrop’ against which the scientific activity of real 

subjects in their specific space and time takes place. 

It is interesting to highlight that this new, ‘contextualised’ conception of the scientific 

subject blurs the clear-cut separation descriptive-normative, which was beneath the 

formulation of the original conception of the Reichenbachian contexts; it also zooms out 

from individual subjects to subjects-in-communities. Along this process of zooming out, 

the history of science as a discipline is given a new, paramount role in rational 

reconstructions. 
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This second, post-positivistic conception of contexts is timidly initiated in the writings 

of Karl Popper (1962) and Ludwik Fleck (1981), and then deepened in the so-called 

new philosophy of science of the 1950s and 1960s. Along this line of (historically) 

contextualising the scientific subjects in their communities, constructs such as 

community of thinking (Denkkollectiv), inter-subjective agreement, or –more than two 

decades later– Kuhn’s matrices emerge. 

This new sense of context appears to be definitely relevant for constructivist didactics of 

science, since it brings to the forefront of the discussion the situated activity of those 

who do science, for instance, in the science classrooms. School scientific activity, just 

as scientists’ science, can now be seen as the laborious product of subjects who belong 

to a cultural ‘breeding ground’. The socio-cultural elements begin to find their way into 

the theories, as they condition, for instance, the ways of seeing that the participants 

have. 

 

CONTEXT A NETWORK OF SOCIAL RELATIONS THAT 

CONSTRAIN SCIENCE 

In the third sense, context directly points at the incorporation of an explicit historicist 

and externalist perspective (accordingly called contextualist) in the philosophy of 

science. The analysis of the products of science –and mainly of the scientific theories– 

since the 1950s has been increasingly taking into account the influence that, on their 

own internal dynamics, has the context, constituted by factors that seem prima facie 

external to scientific knowledge as an epistemic object: 

[T]he term “contextualism” has a history [...] that gained currency in the late 1960’s 

and [...] served to label the relatively distinct orientation towards epistemological 

issues exemplified in the writings of Ludwig Wittgenstein, J.L. Austin, Stephen 

Toulmin, Thomas Kuhn, and Paul Feyerabend. (Norman, 1999: 384) 

Among the factors incorporated to the analysis, the historical, cultural, political, 

economic, ideological, religious, linguistic, and educational are classically considered 

(cf., Kuhn, 1962). 

The Kuhnian idea of ‘disciplinary matrix’, a refinement of his construct of paradigm, is 

a good example of this third approach to contexts, examining them as structures or 

holons that over-determine and are over-determined by what he calls ‘normal’ science. 

In such a contextualist approach, the extra-scientific context invades the up-till-now 

water-tight justification of theories, especially through the language used to construct, 

formulate, and test them. 

Accordingly, a metaphor of ‘network’ might seem appropriate for this ‘context-3’. From 

the 1960s on, the social milieu is not only embodied in the scientific subjects but also 

built into the scientific products: theories themselves are inextricably linked to their 

external history, which becomes their condition of existence. 

For this third meaning of context, a dangerous pitfall should be pointed out. If 

contextualism is extreme (and then frankly anti-positivistic), it may fail to explain 

classical epistemological intuitions such as the correctness, success, superiority or 

progress in scientific theories. Thus, acknowledging the constitutive influence of the 

context in the texture of a theory should not be equated to using such context as its only 

explanatory factor (see a brief discussion of this issue in Hidalgo and Schuster, 2003). 
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It seems plausible to think that, in science education, a moderate contextualist 

perspective, combining and balancing internalism and externalism in order to 

understand science as a process and as a product, would provide the variety of elements 

required for a humanist science education aiming at citizenship. This could be done 

through incorporating in our teaching the historic-epistemological analyses of scientific 

concepts. 

This more theoretically ‘dense’ approach to scientific knowledge in the classroom 

would in turn promote in science teaching an image of science as an integral part of 

culture, as it is currently demanded by science curricula. 
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Abstract: The purpose of this study was to investigate the influence of conceptual content 

prior knowledge about socio-scientific issues (SSIs) on university education students' 

informal reasoning regarding SSI-dilemmas. We used dual-process theories to represent the 

underlying cognitive process. These theories postulate two distinct processes of reasoning –

heuristic/spontaneous processes and analytic/reflective processes- that compete for the control 

of the response constructed by participants during reasoning tasks. In a sample of 75 

university education students, we examined the relationship among their conceptual content 

prior knowledge about three different SSIs and their informal reasoning (heuristic/ 

spontaneous thinking and analytical/reflective thinking) on those SSIs. The students' prior 

knowledge was assessed with specially designed open-ended questionnaires. Their informal 

reasoning regarding SSI was assessed with open-ended questionnaires, where arguments, 

counterarguments and rebuttals had to be constructed, during spontaneous and analytical 

thinking. The open-ended questionnaires were analyzed qualitatively and quantitatively. The 

results indicate that relationships between prior conceptual content knowledge about SSIs and 

informal reasoning regarding SSI-dilemmas may vary with context. Moreover, students’ 

informal reasoning quality may be predicted by their prior knowledge, but differences in the 

predictability of the prior knowledge about SSIs were found. That indicates context 

dependence. Additional research is needed that can robustly describe the relationship between 

prior knowledge and informal reasoning. 

Keywords: Prior knowledge,  Informal Reasoning, Socio-scientific issues 

 

INTRODUCTION 

The development of scientifically literate citizens and the promotion of scientific literacy have 

both been identified as important educational priorities in several educational systems (Robert 

& Gott, 2010; Sadler, 2011). That means, the educational systems try to prepare students into 

citizens of tomorrow, that will be able to participate actively in public debate, make 

responsible decisions for themselves and for society and especially to be able to manage 

socio-scientific issues (SSIs) and dilemmas. This study aimed at examining how university 

education students' content prior knowledge about socio-scientific issues (SSIs) might affect 

their informal reasoning, while trying to manage those SSI-dilemmas. By doing this, we 

hoped to understand better the students' informal reasoning (IR), and explore ways to prepare 

future teachers to improve their informal reasoning quality, and their ability to foster 

development of these practices among their future students. Given these aims, we set out to 

answer two questions in our investigation. Our first research question asked “What is the 

relationship between the prior knowledge about socio-scientific issues of university education 

students and their informal reasoning regarding SSI-dilemmas?” Our second research 

question asked “What is the contribution of prior knowledge about socio-scientific issues of 

university education students on their informal reasoning regarding SSI-dilemmas?”. In the 

present study, prior knowledge is defined as prior domain-specific conceptual content 

knowledge and includes the knowledge of concepts, principle, facts and theories of a subject, 

Strand 8 Scientific literacy and socio scientific issues

1278



but also an understanding of how concepts and principles of a subject are organized 

(Shulman, 1986; Kleickmann et al., 2012). 

On the basis of theoretical assumptions and previous researches (Hogan, 2002; Kolsto, 2001; 

Sadler & Zeidler 2005a; Wu &Tsai, 2011), we formulated a specific hypothese in regard to 

these questions. First, we hypothesized that university education students with more advanced 

and extended content prior knowledge about SSIs, would construct more and higher quality 

arguments, counterarguments and rebuttals on those SSI-dilemmas during their informal 

reasoning. Second, we hypothesized that students’ informal reasoning quality may be 

predicted by their content prior knowledge. 

THEORETICAL FRAMEWORK 

With the tremendous advancements in science and technology, the goals for contemporary 

science education have been re-defined (Cajas, 1999). In particular, in the last two decades, 

some social dilemmas with conceptual or technological associations with science (often 

termed “socio-scientific issues”), such as global warming, genetic engineering, and nuclear 

power usage, have arisen and have been increasingly highlighted by many science educators 

(e.g. Bell & Lederman, 2003; Kolsto, 2001; Sadler, 2004; Zeidler et al. 2002). Consequently, 

improving learners’ ability in dealing with these dilemmas has been regarded as one of the 

important goals for modern science education (e.g. AAAS, 1989). The negotiation and 

resolution of socio-scientific issues have been generally characterized by the process of 

informal reasoning, rather than formal reasoning (Sadler, 2004). Although, in the context of 

science, reasoning, historically, referred to formal reasoning characterized by rules of logic 

and mathematics, various researchers argue that, the results of science may be presented in the 

language of formal reasoning and logic, but the results themselves originate through informal 

reasoning (Sadler, 2004). Recently, more and more educators have acknowledged that student 

informal reasoning ability plays an important role when dealing with socio-scientific issues 

(e.g. Sadler,  2004).  

According Sadler and Zeidler (2005), informal reasoning as a construct subsumes the 

cognitive and affective processes that contribute to the resolution of complex issues and it is a 

thinking process that leads to the construction and evaluation of arguments (Kuhn, 1993; 

Johnson, 2006), without relying only on the rules of formal logic, but also on various other 

factors, such as intuition, emotion, personal and epistemological beliefs, values, desires and 

expectations (Wu & Tsai, 2011; Glöckner & Witteman, 2010). Informal reasoning assumes 

importance when information is less accessible, or when the problems are more open-ended, 

complex, or ill-structured (De Neys, W., 2006a; Evans, 2003; 2008; Kuhn, 1992; Stanowich, 

1999; Stanovich & West, 2000; Sadler, 2004). 

The cognitive mechanism of informal reasoning can be explained by the dual process theories 

(Evans, 2003; 2008; 2009), whose principle is based on the existence of two separate 

cognitive systems: System I and System II. The System I corresponds to spontaneous 

thinking, while System II is the expression of analytical (algorithmic and reflective) and 

abstract hypothetical thinking (Evans, 2003; 2008; 2009, Evans & Holmes, 2005; Johnson & 

Blair, 2000; 2002; Stanovich, 2009). The Cognitive Systems I and II may jointly or separately 

from each one, guide Informal Reasoning of individuals (Evans, 2003; 2008; 2009). System I 

operates under the existing cognitive structures, prior knowledge, personal and 

epistemological beliefs, prejudices, feelings, values and experiences of the individual and 

related heuristics strategies. The function of System II is directly influenced by the general 

intelligence and working memory abilities of the individual, their concentration span and 

ability to prevent the action of System I, the strength of the bias of each individual (Evans, 

2008; Berrouillet, 2011) and the attention time (Berrouillet, 2011).  
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Various researchers argue that informal reasoning is expressed through argumentation. 

Arguments can be informal as well as formal where rules of logical validity are replaced by 

estimates and probabilities and make tentative conclusions. According Sadler and Zeidler 

(2004), «Individuals can express informal reasoning through dialogical argumentation 

(Driver, Newton & Osborne, 2000). However, informal reasoning and argumentation 

represent unique constructs. Informal reasoning refers to the cognitive and affective processes 

involved in the negotiation of complex issues and the formation or adoption of a position. 

Argumentation refers to the expression of informal reasoning. The problem with this 

distinction lies in the fact that the constructs are practically indistinguishable from an 

empirical perspective. Argumentation is the means by which researchers gain access to 

informal reasoning, but they must do so with some trepidation. While it is valid to assert that 

strong argumentation reveals strong informal reasoning, the opposite claim, weak 

argumentation denotes weak informal reasoning, is not necessarily the case. Adept arguments 

must be based on proficient informal reasoning, but naive arguments might be the result of 

either insufficient informal reasoning or poorly articulated, but proficient informal reasoning 

(Means & Voss, 1996)». Chang and Chiu (2008) point out that argumentation needs to be 

categorized as either formal or informal argumentation. According these researchers, in terms 

of formal argumentation, all premises are fixed and adding and deleting any content of the 

premises are not allowed. In terms of informal argumentation, individuals could change the 

premises based on their personal knowledge, beliefs, life experiences or information from 

newspapers, textbooks, television and internet.  

Various researchers argue that socio-scientific issues (SSIs) are ideal candidates for the 

application of informal reasoning, because they are complex, open-ended, often contentious 

dilemmas, with no definitive answers (Galotti, 1989; Kuhn, 1993; Sadler, 2004; Sadler & 

Zeidler, 2005; Sadler & Zeidler, 2005b). Moreover studies support the notion that conceptual 

understanding of the scientific content knowledge that underlies SSIs is important for 

informal reasoning regarding those issues (Fleming, 1986b; Hogan, 2002; Tytler et al., 2001; 

Sadler, 2004; Zeidler et al., 2002; kolsto, 2001a; kolsto, 2006; Sadler, 2004; Sadler & Zeidler, 

2005). Although it seems intuitively obvious that individuals need a conceptual understanding 

of an issue in order to construct informed decisions, however research findings within the 

domain of informal reasoning do not provide convincing support (Sadler & Zeidler, 2004). 

For example, Kuhn (1991) argues that large sophisticated knowledge base in a content domain 

does not determine the quality of thinking skills used in the domain. Also, Means and Voss 

(1996) argue that content knowledge did account for a greater number of responses, but these 

quantitative differences did not necessary lead to higher quality informal reasoning. So, 

additional research that can more robustly describe the relationship between conceptual 

understanding and informal reasoning is needed (Fleming, 1986b; Hogan, 2002; Tytler et al., 

2001; Sadler, 2004; Zeidler & Schafer, 1984). Thus, this study aims at examining how prior 

knowledge about socio-scientific issues of Cypriot university education students might affect 

their informal reasoning, while trying to manage various SSI-dilemmas related to Biology, 

Chemistry and Physic.  

METHODS 

Participants 

Participants were 75 university education students at University of Cyprus. The sample 

included 70 females and 5 males, with an overall mean age of 21.0 years (SD=1.5 years).All 

the participants attended a university course called “Learning in Science”. All the participants 

were native-born Cypriots and had completed their secondary education in a public school of 

Cyprus. The sample was relatively homogeneous in regard to socioeconomic status. 
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Socio-Scientific Issues  

Three different SSI-dilemmas were developed and used for this study, one from Biology, one 

from Chemistry and one from Physic domain. The titles of the SSI-dilemmas were:  

SSI 1: Use or not use of vaccines against the NUEVO flu virus?  

SSI 2: Consumption of bottled Vs tap water?  

SSI 3: Underground or overhead high voltage lines in residential areas?  

We selected these SSI-dilemmas because (a) First issue is related with Biology domain, 

second issue is related with Chemistry domain and third issue is related with Physic domain; 

(b) The participants of this study had already learned about vaccines, drinking water and high 

voltage lines in their science classes at the secondary school; (c) These issues are very close to 

students’ personal lives, and furthermore, students might have been confronted with such 

issues, which encourages them to engage more in thinking critically, constructing arguments 

and making informed decisions. 

For each SSI we developed Leaflets with conflicting scientific information from different 

sources. 

Data collection 

As instrument for assessing students’ prior knowledge about the topic of each SSI-dilemma 

and for answering the research questions of this survey, we used specially designed open – 

ended questionnaires. For each SSI, we developed an open-ended questionnaire composed of 

five items and a second one composed of conceptual diagram. The content of the items 

referred to core concepts  of each SSI. For the development and validation of questionnaires, 

we followed four steps (a) Review of literature for the development of preliminary item pool; 

(b) Interviews with experts for the validation and optimization of items; (c) Pilot studies for 

the internal consistency and item analysis; (d) Preliminary data analyses.  

The participants' Informal Reasoning processes were assessed by open-ended questionnaires, 

developed by Wu and Tsai (2011) with some modifications. These open-ended questionnaires 

requested the construction of supportive arguments, counterarguments and rebuttals by 

spontaneous and analytical thinking (Liu et al., 2011; Wu & Tsai, 2007; 2011; Yank & Tsai, 

2010). Because we were interested in the participants' informal reasoning that underlies 

argumentation and not argumentation per se, we asked participants to construct specific 

argument structures, which allowed to reveal evidence of unarticulated reasoning and implicit 

justification. In order to measure separately, spontaneous and analytical thinking, the 

conditions required for the operation in each case, as described in the literature, were ensured. 

That means, analytical thinking requires adequate time for the evaluation of spontaneous 

response, clear work instructions and advice for the use of analytical thinking and evaluation 

of spontaneous response (Barrouillet, 2011). These conditions are not required for 

spontaneous thought. In this study, the construction of rebuttals by students was viewed as an 

indicator for the quality of their informal reasoning (Kuhn, 1992; 1993; Wu & Tsai, 2011). 

According to Kuhn (1992; 1993) rebuttals are critical because they complete the structure of 

arguments, integrating argument, and counterargument. To obtain more potential insights on 

the participants’ informal reasoning, we used an integrated framework for data analysis, 

developed by Wu and Tsai (2011) with some modifications. The framework included 

qualitative and quantitative indicators. The qualitative indicators were the following: decision 

making modes (spontaneous or analytical thinking), reasoning modes (social / economic / 

ecology / science / ethical oriented arguments), reasoning levels (number of supportive 

arguments/ counter arguments / rebuttals / total arguments). The quantitative indicators were 

the number of reasoning modes and number of reasoning levels. 
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Research design 

First, the participants' prior knowledge underlying SSIs was assessed by questionnaires. 45 

minutes later, the SSI-scenarios, and the questionnaire for the investigation of spontaneous 

thinking regarding SSIs were administrated. 25 participants received a SSI-scenario titled: 

“Use or not use of vaccines against the NUEVO flu virus?”. 25 participants received a SSI-

scenario titled: “Consumption of bottled or tap water?". Finally 25 participants received a 

SSI-scenario titled: “Installation of underground or overhead high voltage lines in residential 

areas?”. After ten minutes the questionnaires about the investigation of spontaneous thinking 

regarding SSIs were gathered. Five minutes later, leaflets for each SSI-scenario were handed 

out, containing information from different sources and approaches from experts and non-

experts in each SSI-scenario. After reading the information, the questionnaire for investigation 

of analytical thinking about SSI-dilemmas, was handed out to the participants. The students 

had 45 minutes to answer this questionnaire. All participants completed the tasks in the same 

order.  At the beginning of each task, there was a short written instruction. 

To answer the first research question of this study “What is the relationship between the prior 

knowledge about socio-scientific issues of university education students and their informal 

reasoning regarding SSI-dilemmas?” Pearson correlation analyses were conducted between 

students’ prior knowledge outcomes and their total rebuttals of informal reasoning outcomes. 

To answer the second research question “What is the contribution of prior knowledge about 

socio-scientific issues of university education students on their informal reasoning regarding 

SSI-dilemmas?”, we computed regression equations (one for each SSI) with total rebuttals 

(indicator for informal reasoning quality), as outcome measures. Predictors of each of these 

equations were the results of the five Questions of each open –ended questionnaire about prior 

knowledge regarding SSIs and the conceptual diagram of each SSI. 

RESULTS 

Table 1 presents the results of Pearson Correlations between students’ prior knowledge 

outcomes and their total rebuttals of informal reasoning outcomes. Significant positive 

correlations were found between students’ prior knowledge underlying socio-scientific issues 

about vaccines (SSI 1) and about drinking water (SSI 2) and their informal reasoning. No 

correlation was found between  students’ prior knowledge underlying socio-scientific issue 

about high voltage lines (SSI 3) and their informal reasoning. 

Table 1 

Results of Pearson Correlations between students’ prior knowledge outcomes and their total 

rebuttals of informal reasoning outcomes 

  Open ended 

Questionnaires 

Question SSI 1 SSI 2 SSI 3 

1. Five items 

 

Q1 -.047 .023 .271 

Q2 .281 -.054 .176 

Q3 .309 .205 -.226 

Q4 -.062 .194 .296 

Q5 -.206 .726** -.326 

2. Conceptual  

              diagram 

Conceptual 

diagram 

.568** .256 -.116 

**p≤.01, *p≤.05 

Table 2 presents the results of multiple regression analysis for prior knowledge about SSI 1 

variables predicting students’ total rebuttals. The six predictors together explained a 

significant amount (37%) of the total rebuttals construction of the students’ informal 

reasoning regarding SSI 1, F (6,21)=3.62, p<.01, R2=.37. Results of conceptual diagram 

(map) predicted positively the total rebuttals construction of the students’ informal reasoning 

regarding SSI 1. 
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Table 2 

Results of multiple regression analysis for students’ prior  knowledge about  SSI 1 variables 

predicting students’ total rebuttals 

SSI Informal Reasoning 

Predictors    B    β Sig. 

Q1 -.830 -.290 .103 

Q2 .501 .113 .518 

Q3 -.097 -.034 .904 

Q4 -.585 -.144 .458 

Q5 -.849 -.258 .228 

Conceptual diagram .734 .724 .015 

**p≤.01, *p≤.05 

Table 3 presents the results of multiple regression analysis for prior knowledge about SSI 2 

variables predicting students’ total rebuttals. The six predictors together explained a 

significant amount (78%) of the total rebuttals construction of the students’ informal 

reasoning regarding SSI 2, F (6,21)=17.52, p<.01, R2=.78. Questions 2, 3, 4, 5 related to 

drinking water quality predicted positively the total rebuttals construction of the students’ 

informal reasoning regarding SSI 2 

Table 4 presents the results of multiple regression analysis for prior knowledge about SSI 3 

variables predicting students’ total rebuttals. No predictability about SSI 3 was found,  

F (6,21)=1.30, p≥.05, R2=.08. 

Table 3 

Results of multiple regression analysis for students’ prior knowledge about SSI 2 variables 

predicting students’ total rebuttals 

SSI 2 Informal Reasoning 

Predictors   B   β Sig. 

Q1 .250 .095 .353 

Q2 -.975 -.315 .030 

Q3 2.50 .635 .000 

Q4 2.60 .938 .000 

Q5 2.15 .771 .000 

Conceptual diagram -.220 -.224 .060 

**p≤.01, *p≤.05 

Table 4 

Results of multiple regression analysis for students’ prior knowledge about SSI 3 variables 

predicting students’ total rebuttals 

SSI 3 Informal Reasoning 

Predictors   B   β Sig. 

Q1 .269 .151 .610 

Q2 .094 .057 .825 

Q3 -.248 -.117 .660 

Q4 .790 .417 .128 

Q5 -.903 -.415 .154 

Conceptual diagram -.086 -.191 .414 

**p≤.01, *p≤.05 

DISCUSSION AND CONCLUSION 

The purpose of this study was to investigate the influence of conceptual content prior 

knowledge about socio-scientific issues (SSIs) on university education students' informal 

reasoning regarding SSI-dilemmas. We used dual-process theories to represent the underlying 
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cognitive process. We developed and implemented instruments to investigate the relationship 

between the prior knowledge of university education students and their informal reasoning 

regarding SSI-dilemmas. The findings of this study suggest that relationships between prior 

content knowledge about SSIs of university education students and their informal reasoning 

regarding SSI-dilemmas vary with context. Additionally, the quality of students’ informal 

reasoning may be predicted by their prior knowledge, but differences in the predictability of 

the prior knowledge about SSIs were found. These differences appear to arise from context 

dependence. One possible explanation for our results could be that students tend to decide 

about SSIs based on their personal beliefs and experiences and less on their scientific 

knowledge. If they have strong beliefs or personal experiences about a SSI, they do not easily 

accept evidence that contradicts their initial beliefs. Moreover, in our study it seems that the 

persistence of belief is directly related to the strength of initial belief. The Cypriot people 

believe very strongly that overhead high voltage lines in residential areas are very dangerous. 

Additionally, they believe strongly that vaccines are not very safe and, less strongly, that tap 

water is not very safe. Prior knowledge about drinking water quality explained a significant 

amount of 78% of the total rebuttals construction of the students’ informal reasoning 

regarding SSI 2. Prior knowledge about vaccination safety explained a significant amount of 

37% of the total rebuttals construction of the students’ informal reasoning regarding SSI 1. 

Prior knowledge about high voltage lines in residential areas explained 0% of the total 

rebuttals construction of the students’ informal reasoning regarding SSI 3. According to these 

results it seems that if students have stronger beliefs about SSI-dilemmas, they accept 

evidence that contradicts their initial beliefs less easily. This finding is supported by previous 

studies in scientific argumentation, socio-scientific argumentation and everyday reasoning 

(Jimenez-Aleixandre et al., 2000; Kuhn, 1991; Ratcliffe, 1996; Zeidler, 1997).  According to 

Rundgren and Rundgren (2010), more than 100 published papers highlight the emerging and 

multi-disciplinary topic of SSIs, and the results indicate that many dimensions are involved in 

the process of students’ informal reasoning about SSIs, such as scientific prior knowledge 

(Albe, 2008; Chang & Chiu, 2008; Ekborg, 2008), individuals’ personal experiences, values, 

ethical concerns, beliefs or governmental policy, and so on (Chang & Chiu, 2008; Fleming, 

1986; Patronis et al., 1999; Sadler, 2004a; Zeidler et al.,2002). Additionally, studies in the 

field of SSI and in the field of everyday argumentation have shown that a lot of people make 

various thinking errors and take decisions which are based less on scientific evidence, and 

more on personal, moral, economic and social choices (Sadler & Zeidler, 2004; Sadler, 

Chambers & Zeidler; 2004; Pedretti & Hodson, 1995; Fleming, 1986). Also, people seem to 

usually trust their intuition, their emotions and stereotypical beliefs when making decisions, 

and are driven less from formal reasoning (Sadler & Zeidler 2004a; Evans, 2003; 2008; Den 

Neys & Franssens, 2009). 

Additional research is needed in order to robustly describe the relationship between prior 

knowledge and informal reasoning and to explore other factors that may affect students’ 

informal reasoning quality. A functional understanding of SSIs and the ability to reason about 

them can contribute significantly to Science Teaching, promoting the development of thinking 

skills, which are considered essential key skills for preparing students, to become 

scientifically literate citizens. 
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Abstract: Farm animal welfare has sparked debate, mainly challenging industrial breeding 

systems. This issue is central to European strategy especially where the training of breeders is 

concerned. The French agricultural vocational course “Bac Pro CGEA Conduite et Gestion de 

l’Exploitation Agricole” trains students to be able to manage their own farm. Educating for 

animal welfare raises questions for didactics research as it is not stabilized academic 

knowledge but a socially and scientifically acute question (Legardez & Simonneaux, 2006). 

To understand and analyze how teachers and students deal with this controversial notion in 

agricultural training, it is essential to study, in depth, the dimensions and components of farm 

animal welfare and also the institutional prescriptions. The first step in our study was to carry 

out a socio-epistemological analysis of farm animal welfare in order to identify the main 

actors involved, the current and former controversial aspects and the areas of consensus. The 

results reveal that farm animal welfare has ethical, scientific, legal, political, social and 

professional dimensions in which and between which highly controversial points are 

discussed. The second step was to analyze the evolution of the Bac Pro CGEA curriculum 

based on an ergonomic and historic-cultural approach (Amigues & Lataillade, 2007). Only a 

few of the actors and controversial elements have a place in the curriculum even though the 

notion of farm animal welfare is becoming more complex. The animal welfare issue is 

neutralized and its origin is assigned to social demand. Only two academic fields are 

concerned by it and the interdisciplinarity is reduced to technical choices. Our results show 

that the prescriptions given to teachers are in fact an obstacle to considering farm animal 

welfare as a socially acute question.  

Keywords: farm animal welfare, curriculum, didactics of socially acute questions, vocational 

education 

 

INTRODUCTION 

The notion of farm animal welfare has emerged recently in European debates. The evolution 

of an animal’s status in human societies and of breeding conditions are the main factors which 

have contributed to the development of acute exchanges about farm animal welfare (Dantzer, 

2002). In fact, the instrumental rationality used in the animal production industry is strongly 

criticized by the actors involved in animal welfare because animals should be treated as living 

beings rather than resources to produce (Porcher, 2004). In 1979, the British government 

established the Farm Animal Welfare Council in order to improve farm animal welfare. 

Subsequently, at the European level, regulations were enacted and, parallel to this, scientific 

knowledge produced important evidence to prove that farm animals are sentient beings.  

In France, since the 1980s the debates have been acute at scientific, ethical, legal and social 

levels. Even if the point of view of the breeder is still not really taken into account (Lamine, 

2006), the professional aptitude of the breeder has become a central element in the 
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discussions. Animal welfare education for professional breeders is a recent issue whereas 

animal protection awareness was already alluded to in the Grammont Law of 1850. In France, 

those aspiring to be livestock managers can take a “Baccalaureate in Farm Management” 

called in French: Baccalauréat Professionnel Conduite et Gestion de l’Exploitation Agricole 

(Bac Pro CGEA) which trains students to be able to manage their own farm. 

The stakes for animal welfare education, from our point of view, are those identified in the 

didactics of socially acute questions (Simonneaux & Legardez, 2011). Indeed, it is all about 

“empowering students, enabling them to understand and to criticize knowledge in order to 

clarify the possible options available in the complex situations that shape their world today 

and which determine their future” (Morin, 2013, p.66) so that they will respect animal 

welfare in their day to day dealings with their animals. Animal welfare in the Bac Pro CGEA 

curriculum raises questions for research in didactics, particularly because it is not considered 

as traditional scientific knowledge with stabilized academic references. Indeed, animal 

welfare is a socially and scientifically acute question (Simonneaux & Legardez, 2011). The 

notion is controversial: (a) in society; (b) in the knowledge of reference; (c) and potentially in 

school. Animal welfare is a complex notion which is based on developing knowledge, 

interdisciplinary knowledge and on controversies at ethical, political, scientific, social, legal 

and professional levels. However, socially and scientifically acute questions are not 

necessarily problematized in prescriptive texts and, thus, take on the appearance of 

“neutralized teaching objects” (ibid, p.18). These issues cannot be simply taught or 

transmitted. They contribute more to changing attitudes and to increasing the level of 

responsibility (Lange & Victor, 2006). The main objectives of animal welfare education on 

the Bac Pro CGEA course are also to develop their gestures and practices in professional 

contexts where animal welfare should be taken into account.  

This study is part of a PhD project whose objective is to describe and understand how 

teachers and students transform their activity in educational settings when they take into 

account farm animal welfare. As farm animal welfare is a socially acute question, teaching or 

educating for this notion involves making delicate choices for teachers. Indeed, “for over forty 

years French agricultural education was used as an instrument for explaining and promoting 

French and European agricultural policies”, but now social demands have led to the 

inclusion of acute issues into agricultural curricula and teachers have to deal with this 

dilemma (Simonneaux & Legardez, 2010). In the perspective of a French-speaking ergonomic 

approach to the activity, this contribution presents the first step of our research project which 

is to analyze the prescribed task of the teachers (Leplat, 1997). We focus on the analysis of 

formal prescriptions contained in the Bac Pro CGEA curriculum:  

- What are the learning objectives related to farm animal welfare?  

- What dimensions, controversial and consensual points of farm animal welfare 

issue are included in the Bac Pro CGEA curriculum? 

- Is an approach using the didactics of socially acute questions promoted or rather 

inhibited? 

We consider a curriculum as a cultural artifact which is full of “historic compromises, and 

carries memory, accumulated experiences in a given professional environment/collective” 

(Amigues & Lataillade, 2007, p.9).  

 

THEORETICAL BACKGROUND 

We situate our work within the theoretical framework of the didactics of socially acute 

questions (SAQ) (Simonneaux & Legardez, 2011) to enable us to consider the acuteness and 
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complexity of the questions raised by the notion of animal welfare insomuch as they are based 

on knowledge which is contextualized, non-stabilized and distributed among a multitude of 

knowledge producers. The “emerging field of research” of the didactics of socially acute 

questions, “aims to take into account the new relations which are developing between school 

and society” (Simonneaux & Legardez, 2011, p.15). SAQs can be controversial because they 

concern major social issues and are fraught with uncertainties. They are present in the media 

so the students know about them before they are dealt with in school (Simonneaux & 

Simonneaux, 2009). SAQs involve a number of fields: biology, sociology, ethics, politics, 

economics or the environment. “They are SAQs when the differences are not limited to the 

field of science” (ibid., 2009, p.659). 

The notion of farm animal welfare has the characteristics of an SAQ and, according to the 

definition given by Legardez and Simonneaux (2006), is acute on three counts. Indeed, the 

question of farm animal welfare is: 

- “acute in society: […] society considers it to be a major issue (globally or in the case 

of some of its components) and it sparks debate (ranging from argument to conflict); 

it is a subject which often gets media coverage[…] 

- acute in terms of the reference knowledge: it sparks debate (is controversial) between 

specialists in the disciplinary fields or between experts in the professional fields […] 

- acute in the knowledge taught in school: the question is more “potentially acute” in 

schools when it is related to a double acuteness in the other two areas of knowledge” 

(Simonneaux & Legardez, 2011, p.16-17). 

 

Although many concepts and themes are related to SAQs, they are not problematized when 

they appear in the curricula and very often they “are not treated as social questions but as 

neutralized subjects to be taught in school” (ibid., p.18). However, socially acute questions 

are crucial social issues and even if they are generally “cooled down” in the curricula, they 

have an effect in schools because it is impossible to prevent the teachers or students and the 

context from bringing them up (ibid.). The institutional texts can therefore either help teachers 

identify the complex nature of these questions and the uncertainties linked to them or, on the 

contrary, act as a barrier to the problematization process. 

We adopted an ergonomic and historic-cultural approach of teaching work in our analysis of 

the prescriptive texts. (Amigues & Lataillade, 2007). An analysis of the prescriptions given to 

the teachers in the curricula is essential to gaining a subsequent understanding of how these 

prescriptions influence the actions initiated during teaching-learning situations. In the field of 

education, the prescriptions have the characteristic of being “infinite” (ibid., 2007, p.5). They 

specify the results expected from the point of view of the student but do not give any 

indication as to how to achieve these results. Thus, they do not give direct instructions for 

teachers to follow but trigger a “professional questioning” during which “the teachers are 

faced with a conflict involving values, knowledge and norms and the choices they need to 

make are both technical and ethical in nature” (Amigues, 2009, p.16). Teacher’s activity 

consists first in a “reconception” of the prescriptions to define the goals and the actions to 

take in order to reach these goals. The prescription, far from being “external or extraneous to 

the (individual or collective) activity is in fact inseparable from it” (ibid.) and corresponds to 

the impersonal dimension of the oriented activity as defined by Clot (1999). 

In order to take into account the dialectic that is established between the institutional texts and 

the construction of the issue in the different sectors, social, scientific professional etc., it is 

important to consider the set of prescriptions as a cultural artifact which “is part of a cultural 
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tradition, which continually accumulates and renews the changes made by a social group, a 

given society. Steeped in historical compromise, it carries memory, accumulated experiences 

the latter successfully completed or not. It is in some ways the active memory of a given work 

group/environment” (Amigues & Lataillade, 2007, p.9). This cultural artifact bears with it 

tensions and debates on which, at a given moment, a stance has had to be taken. It 

instruments, (as defined by Rabardel, 1995), the activity of the teachers when they transform 

it in order to act in a concrete teaching-learning situation. 

 

METHODOLOGY 

In an attempt to provide some answers to our research questions, it is necessary to carry out a 

socio-epistemological analysis (Legardez & Simonneaux, 2006) on farm animal welfare 

(Table 1). The socio-epistemological analysis allows us to take the social, economic, political, 

axiological and scientific dimensions into account whilst examining how the knowledge 

related to a question sparking acute controversies, is built. The discourses produced both in 

the area of research and in the media were analyzed in order to understand the stakes, the 

areas of tension, and the uncertainties linked to the knowledge under construction. The socio-

epistemological analysis of the notion of farm animal welfare is the first step of our 

methodology. Its objectives are: (a) to specify how the different levels of controversy and 

consensus are built; (b) to study the construction of knowledge in all the different areas 

involved in the debates on farm animal welfare; (c) to study how the roles of the various 

stakeholders and their forms of organization evolve. 

The results of our socio-epistemological analysis are used to throw light on the second step of 

our methodology which consists in analyzing the prescriptions given to teachers, in 

connection with farm animal welfare (Table 1). The results of the socio-epistemological 

analysis allow us to determine which areas of the complexity of the animal welfare notion and 

which elements of the debates on animal welfare have been taken into account by those 

drafting the prescriptions. 

 

Table 1 

Methodological steps. 

Step 1. 

Socio-epistemological analysis of 

farm animal welfare 

 Step 2. 

Content analysis of Bac Pro CGEA 

curricula 

-  Dimensions of the notion 

-  Dynamics of knowledge 

construction 

-  Dynamics of controversial 

and consensual points 

 

Comparison 

-  Dimensions of the notion 

-  Knowledge and practices of 

reference  

-  Controversial and neutral 

points 

-  Learning objectives  

 

The first step in our methodology was based on a corpus of 124 publications. These 

publications were chosen because of the major role they have played in the debates on animal 

welfare. They were published between 1789 and 2013 and written by authors stemming from 

the different fields involved in the debates on farm animal welfare: scientists, (biologists, 

ethologists, animal production specialists…), sociologists, historians, ethicists, journalists, 
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writers… We took each publication and identified in the arguments supporting (or not) a 

consideration for farm animal welfare by the authors: (a) the reference knowledge; (b) the 

areas of controversy and of consensus; (c) the uncertainties expressed. We also identified the 

different categories of stakeholders involved in the debates. This analysis gives us a glimpse 

of both the construction process of the knowledge at stake, the areas of tension/consensus and 

the roles played in the debates by the different stakeholder categories.  

During the second step of our methodology (Table 1), we focused on analyzing the changes 

made to the curricula of the courses targeting the job of livestock manager along with their 

supporting documents written by the agricultural education inspectorate. We used the 

institutional texts drawn up since the creation of the qualification in 1985 and we analyzed all 

the amendments made to the texts at the time of the successive reforms. Thus, the corpus 

under analysis consists of:  

- the curriculum of the agricultural technician’s certificate in animal production (in 

French BTA Productions) created in 1985, 

- the curriculum of the agricultural technician’s certificate in animal production (in 

French BTA Productions) revised in 1992, 

- the curriculum of the vocational baccalaureate in farm management focusing on farms 

where animal production is the predominant activity (in French the Bac pro CGEA 

SDE) created in 1996, 

- the curriculum of the vocational baccalaureate in farm management focusing on farms 

where animal production is the predominant activity (in French the Bac pro CGEA 

SDE) revised in 2008 then subsequently in 2010 along with the related supporting 

documents. 

The institutional texts concerning these curricula are divided into three sections and each 

section was analyzed:  

- the occupational reference describing “the professional sector targeted by the 

qualification”,  

- the certification framework defining the abilities the students need to acquire,  

- the training framework “which sets out for the teachers the course objectives and the 

content students should work on” (Cros & Raisky, 2010, p.109). 

We carried out a classic content analysis of the institutional texts; that is to say we identified 

the evolution in the occurrence of the term farm animal welfare and the evolution of the 

notions, concepts and learning objectives related to it. We compared the results of this 

analysis with those of our socio-epistemological study in order to detect the presence (or 

absence) in the institutional texts of the areas of controversy sparked by the debates on farm 

animal welfare and also the level of complexity and problematization of the question of farm 

animal welfare.  

 

RESULTS 

Results of the socio-epistemological analysis show that none of the actors challenge the 

legitimacy of animal welfare in the public sphere. However, none of the actors involved in 

farm animal welfare is able to give a shared unambiguous reply to the questions “what is farm 
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animal welfare?” or even “how can farm animal welfare be respected?”. These two questions 

are at the root of the two levels of controversy which are currently most acute. In fact, there is 

controversy over the different conceptions of animal welfare, the assessment methods, and the 

ways to improve it. Actors involved in animal welfare are not gathered into well-defined 

networks. They play several roles at once (scientists and citizens and members of an animal 

protection organization, for example). Some knowledge producers take the center of the stage: 

animal protection charities, scientists (ethologists, neuroscientists, physiologists and 

zoologists), political institutions and citizens (consumers or vegetarians). Breeders and 

animals are situated outside the debates. Results show that debates are underway within and 

between each reference domain involving animal welfare: controversies on the moral criteria, 

on the scientific definition of the animal welfare notion (Jeangène-Vilmer, 2011; Broom, 

2011) and controversies on the interrelationships between science and ethics on the issue of 

animal welfare, for example. However, some areas of consensuses have emerged. A fact 

which is accepted by all is that animals are sentient beings. It is widely accepted today that 

animals feel pain and stress and may have specific physiological needs. However, recent 

scientific knowledge on animals’ emotions and sophisticated cognitive abilities remains 

controversial. The contours of the animal welfare notion are still vague which makes it more 

difficult to reach a consensus on how to handle farm animal welfare. The results of our socio-

epistemological analysis have led us to consider animal welfare as a multidimensional notion 

“involving multiple attributes which are grouped together because they serve some common 

function, and whose relative importance cannot be established in an entirely objective way” 

(Fraser, 1995, p.103). 

However, the complexity and multiplicity of the fields involved in the debates on farm animal 

welfare rapidly blur any attempt to clarify the knowledge, notions and concepts related to it. 

The term “animal welfare” first appeared in the Bac pro CGEA training framework in 1996. 

This was an educational choice made by those drafting the prescriptions because animal 

welfare was not, at the time, mentioned in the occupational reference for this qualification 

(the framework which describes the reference knowledge mobilized by a group of expert 

breeders). It was not until 2008, in the occupational reference corresponding to livestock 

manager, that animal welfare was cited by breeding experts as the primary knowledge to 

acquire for herbivore and poultry farming and as requisite knowledge in pig farming but only 

after general animal husbandry. In relation to the changes made to the occupational reference, 

a political choice was made to reform the certification framework in 2010 and respect for 

animal welfare appeared as one of the abilities to be certified in order to obtain the 

qualification. The term animal welfare is thus associated with the term respect when the 

institutional texts mention the students’ professionalization which suggests the necessity for 

the students to develop attitudes in accordance with animal welfare. 

These findings highlight the fact that the training frameworks are not only a result of a 

“didactisation” of the occupational reference. Political and didactic choices were also made. 

An analysis of the content of the training frameworks (Table 2) highlights the fact that the 

prescriptions or recommendations given to teachers remain vague.  

The notions presented in the training frameworks become gradually more complex as the 

reforms of the institutional texts are implemented. However, compared with the results of our 

socio-epistemological analysis, they remain largely simplified considering the complexity 

identified in the debates on animal welfare (Table 2). These notions promote a reduced vision 

of farm animal welfare. Indeed, the animals’ sensibility does not necessarily include the 

ability to have subjective experience unlike the notion of the animals’ sentience as used in the 

English language. Indeed, an animal’s sentience is the only scientific concept used to justify 

animal welfare but it is reduced to animal behavior and sensory perception. In addition, 
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prescriptions emphasize the differences between humans and animals from an anthropocentric 

point of view. Furthermore, the social demand is presented to justify taking farm animal 

welfare into account and only few references are made to the legal and ethical dimensions: (a) 

the main features of regulations; (b) the notion of human responsibility in human-animal 

relationship. The interdisciplinary dimension is present in only one teaching situation about 

the design of barns. What is surprising in the 2008 reform, are the pedagogical 

recommendations which do not specify what definition, what assessment criteria and what 

breeding conditions should be used to teach farm animal welfare. However, the neutral 

presentation hides the current controversies shown in the results of our socio-epistemological 

analysis. Teachers’ formal prescriptions do not present the multidimensionality of the farm 

animal welfare notion and avoid the dynamics of knowledge construction with its tensions 

and consensus.  

 

Table 2 

Summary of the results following the analysis of the content of the successive training 

frameworks for the Bac pro CGEA. 

 Bac pro CGEA 1996 Bac pro CGEA 2008 and 2010 

Farm animal 

welfare is 

related to …  

animals’ behavior, mode of perception, social organization and needs.  

 the animals’ sensibility; adaptation abilities 

and social demand. 

Farm animal 

welfare must 

be taken into 

account in…  

the breeders’ interventions and manipulations on animals, the design of barns 

and the human-animal relationship. 

 the quality of products. 

Farm animal 

welfare should 

be taught via 

…  

 a definition, the regulations, the assessment 

criteria and the breeding conditions respectful 

of animal welfare. 

 

This brief synthesis of the Bac Pro CGEA curriculum, which trains future breeders, shows 

that animal welfare is integrated as a neutral notion. The question is "cooled down" (Legardez 

& Simonneaux, 2006) and related to only two academic fields. Our results show a restrictive 

view of animal welfare in the institutional texts in terms of the knowledge mobilized, of the 

non-controversial presentation which may induce some obstacles to the task of “reconception” 

necessarily realized by the teachers (Amigues, 2009). Teachers who have not had training 

related to the issue of animal welfare (the majority) will have difficulty finding opportunities 

in the institutional texts to understand the issue in terms of its complexity, its tensions and its 

potential to change attitudes and behavior. 

 

DISCUSSION AND PERSPECTIVES FOR EDUCATION 

Animal welfare, a notion introduced into the curricula without questioning 

breeding practices 
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The introduction of the notion of animal welfare into the curricula targeting the occupation of 

livestock manager, is relatively recent but it also coincides, in France, with a period where the 

issue has been given considerable media coverage. The industrialization of breeding practices 

was made public as a result of the health crises. Moreover, on a European level, English-

speaking countries are pushing harder and harder for the development of new legislation to 

regulate breeding practices. However, animal welfare has found its way into the training 

frameworks without previously questioning certain breeding practices and without attaching 

more importance to the human-animal relationship. Yet, according to the results of our socio-

epistemological analysis, taking all the aspects of animal welfare into account implies a 

change in paradigm for certain livestock farms in particular those described as industrial or 

factory farms. 

In the training frameworks, farm animal welfare remains vague. The knowledge under 

construction is not really specified especially in the case of ethology, a subject in which very 

few animal husbandry teachers are trained. Moreover, since 2008, teachers have been faced 

with the task of defining which animal welfare friendly breeding operations the students 

should learn even though other stakeholders in the livestock sector have not reached a 

consensus on the matter. The key (ethical, emotional) aspects of farm animal welfare are 

absent or practically absent (human-animal relationship) (Soriano, 2002) and the acuteness of 

the question is neutralized by obscuring the debates that it sparks off in society and in 

scientific, political and professional circles.  

Animal welfare a “neutralized subject at school” 

Thus, the evolution of the formal prescriptions for teachers does not reflect the evolution of 

the debates related to animal welfare in society. In addition, the neutralization and 

simplification of school content relating to animal welfare present in the training frameworks 

makes the teachers’ task of reconception (Amigues, 2009) in order to teach the 

multidimensionality of animal welfare and the various levels of acuteness, a very difficult 

one. A curriculum which reflects neutrality towards knowledge runs the risk of discouraging 

teachers from engaging in the act of teaching controversial issues (Sadler et al., 2006). 

Without considering the prescriptions given to teachers as an external norm indicating what 

they must do, the results of our analysis show that said prescriptions do not problematize the 

issue of animal welfare and do not encourage teachers to consider it as an SAQ. Teachers tend 

to avoid introducing controversy into their teaching-learning situations (Urgelli, 2009) and the 

institutional texts serve only to reinforce this stance. Yet, encouraging teachers to consider 

animal welfare as an SAQ would broaden the educational challenge and encourage students to 

consider the ethical and axiological aspects of the issue and the uncertainties linked to the 

knowledge under construction all of which is crucial to changing their attitudes and their day 

to day activities as future breeders.  

A need for training in SAQ didactics 

So, even if the institutional texts do not enter into all the dimensions related to the question of 

farm animal welfare, teacher training in the agricultural education system should address the 

multidimensionality and the acuteness of this SAQ. It is impossible for a teacher to implement 

a didactic approach to the SAQs by “confronting the knowledge taught with the questions 

about the risks, the choice of practices and the conflict of values which fuel debate in society” 
(Morin, 2013, p.64) without considering all the aspects of the debate on farm animal welfare. 

Over and above the vagueness of the prescriptions related to animal welfare, teachers face the 

difficultly of dealing with the strong emotional component of this SAQ. Students on the Bac 

pro CGEA course are in frequent contact with farm animals (often even before they begin the 
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course) consequently, this SAQ concerns them directly. However, several studies have shown 

that the closer the students are to the issue they have to consider, the more difficult it is for 

them to learn about it and strengthen their socio-scientific reasoning (Simonneaux & 

Simonneaux, 2009; Morin, 2013). 

Therefore, in our opinion, it would be advisable to change the prescriptions given to teachers 

in agricultural education to ensure that animal welfare does not remain solely related to some 

scientific knowledge and to legislation which regulates certain breeding practices. On the 

contrary, it is the empowerment of future breeders which should be fostered by encouraging 

them to think critically about some of the current farming practices. However, it is not 

sufficient to make the issue of animal welfare more complex in the prescriptions. It is also 

important to consider training teachers to be able to master the complexity and the acuteness 

of this SAQ. 
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Abstract:  Second Chance Schools (SCSs) were established as an effort to reintegrate 

into society adults who, due to the fact that they have not completed their compulsory 

education, have not conquered the necessary qualifications and skills to adapt to 

contemporary personal, vocational and social requirements (IDEKE, 2003). Scientific 

literacy is regarded as a significant aim for the education of these people in Second 

Chance Schools. Science teachers who work in SCSs face the challenge of developing 

science curricula according to the needs of their students. The present study aims to 

investigate the science teachers’ views on the significance of scientific literacy for the 

population they refer to. The study also focuses on the way science teachers develop a 

curriculum to achieve the goal of reintegrating their students in society through 

scientific literacy. For this purpose, eleven semi-structured interviews of science 

teachers (designers of science curricula) were conducted. The analysis shows that 

most science teachers consider scientific literacy as an introduction to the content of 

science in order students to be able to continue their studies in formal upper secondary 

school. Also, science teachers quite often recognize their students’ need to explain the 

situations they encounter daily through science, and for this reason they design 

context-based curricula. These contexts do not incorporate at all socioscientific issues 

related with their students’ lives, even though some science teachers argue about the 

importance of developing the social awareness of their students. 

Keywords: Adult education, Scientific literacy, Curriculum design 

 

INTRODUCTION: THE CONTEXT OF SECOND CHANCE 

SCHOOLS 

Second Chance Schools in Greece were founded in 1997 and are financially supported 

by the European Commission. It’s an experimental program that strives to face the 

social exclusion of dropout adults who have not completed their compulsory 

education. They were founded in an attempt to cover the gap between “those who 

know” and “those who do not know” according to the findings of a report of the 

European Commission. It was in the mid 90s’ when European Commission in the 

                                                 

1 This research has been co-financed by the European Union (European Social Fund – 

ESF) and Greek national funds through the Operational Program "Education and 

Lifelong Learning" of the National Strategic Reference Framework (NSRF) - 

Research Funding Program: Heracleitus II. Investing in knowledge society through 

the European Social Fund. 
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“White Paper on Education and Training” report acknowledged the risk of a rift in a 

contemporary scientific and technological society:  

“It is a rift between those that can interpret; those who can only use; and those who 

are pushed out of mainstream society and rely upon social support: in other words, 

between those who know and those who do not know.”  

In this regard, European Commission argues about “the importance of adequate 

scientific awareness – not simply in the mathematical sense – to ensure that 

democracy can function properly. Democracy functions by majority decision on major 

issues” and for this reason it is critical for individuals “to learn how to make informed 

choices both as individuals and as members of a community.” (European 

Commission, 1995) 

In Greece, most of the students in SCSs come from socially vulnerable populations 

(unemployed, economic immigrants, prisoners, minorities - especially Romany people 

(Gypsies) and Greek Muslims, elders etc.). The SCSs’ main purpose is to help the 

aforementioned social groups “to start participating in the cultural, political and 

economic life in society, but also to enable them to change their status in the society”. 

The way to fulfill this objective is by promoting curricula designed with an emphasis 

on each subject’s literacies. In SCSs, literacies consist of not only the ability to write, 

to read and make arithmetic calculations. More than that, literacies constitute the 

competences to act in life-situations: to solve problems, to work in groups, to use 

interpersonal skills, to express disposition to learning etc. (IDEKE, 2003). 

The duration of study in SCSs is two years and learners that graduate acquire a 

certificate equivalent to lower secondary school. The curriculum includes Greek and 

English language training, mathematics, science, environmental awareness, sociology, 

job orientation, ICT skills and arts. The learners also participate in various projects 

and workshops of 3 to 6 months duration relative to issues, like environmental 

awareness, applied science, local culture, heritage, etc.  

As mentioned before, the target group consists mainly – though not exclusively – of 

school dropouts. Thus, it is important that the second chance at learning differ 

essentially from the first one in formal education. Drop-out adults, according to 

IDEKE reports (2003), would like to avoid returning to a learning environment in 

which they have failed till now, unless the main features of the education on offer 

were significantly different from those of the formal school system. For this reason, 

the content of the curriculum of each subject is flexible, in order to meet the 

individual needs and interests of students and to serve the goal of active and 

meaningful learning.  

Due to the different characteristics of SCSs’ target groups (different cultural contexts, 

personal, vocational and social needs and different interests), teachers in each school 

have to design and develop curricula concerning their subject. This study focuses on 

science teachers’ views on what scientific literacy signifies in the context of SCSs and 

on how to develop a curriculum aiming at reintegrating the students in society through 

scientific literacy. 

 

THEORETICAL BACKGROUND 

The term “scientific literacy” most probably appeared for the first time in 1958. Paul 

Hurd used it to express the need of public support for science in the USA in order to 
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respond vigorously to the Soviet launch of Sputnik (Laugksch, 2000). Since then, 

scientific literacy is considered an essential part of general education and culture all 

over the world (Popli, 1999), and nowadays the term “scientific literacy” stands for 

“what the general public ought to know about science” (Durant, 1993). This definition 

seems to be vague, since: a) different meanings and interpretations could be given to 

the term, because there are several views of what the public ought to know about 

science (who decides what the public ought to know?) and b) there are different 

implications based on who “the public” is (Laugksch, 2000). 

However, DeBoer (2000) argues against seeking a narrow or precise definition of 

scientific literacy. According to him, scientific literacy should be conceptualized 

broadly enough for local school districts and individual classroom teachers to pursue 

the goals that are most suitable for their particular situations along with the content 

and methodologies that are most appropriate for them and their students. This 

argument is consistent with the way SCSs function, but presupposes the teachers’ 

ability to recognize the special educational needs of their students, when transforming 

the scientific knowledge into content knowledge.   

To support teachers in rethinking the conventional school culture of science 

education, and design innovative curricula that meet the needs of the learners and also 

the 21
st
 century society needs for informed citizens, science communities use terms 

like “scientific literacy” as educational slogans (Aikenhead, 2002). Roberts reviewed 

a large number of curricula aiming to develop students’ scientific literacy to 

investigate the way this aim is conceptualized. He identified two different 

perspectives on the notion of scientific literacy (Roberts, 2007):  

a) Vision I “gives meaning to scientific literacy by looking at the products and 

processes of science itself. This approach envisions literacy within science.” and  

b) Vision II “derives its meaning from the character of situations with a scientific 

component, situations that students are likely to encounter as citizens. This vision 

can be called literacy about science-related situations.” 

According to Bulte (2007), the distinction between those two perspectives can be 

interpreted in terms of the need for a transition in curriculum designing focus, from 

Science Literacy to Scientific Literacy. 21st Century Science is a characteristic 

curriculum exemplar that attempts to make this transition. It aims not only to provide 

the first stages of training in science, but also aims to stress science for effective 

citizenship (Roberts, 2007). It recognizes that citizens are consumers of scientific 

knowledge rather than producers of it and argues that in most cases the students will 

encounter scientific knowledge implicitly embedded in artifacts and processes in their 

lives (Millar, 2006).  

Though, Millar’s perception for scientific knowledge implies strongly a Roberts’ 

Vision II point of view for scientific literacy, 21
st
 Century Science focuses on skills, 

competences and knowledge from the perspective of what society “demands” for the 

future citizens, ignoring the unique micro-characteristics and needs of a specific 

population (Roberts, 2007). This is a macro view for scientific literacy (Laugksch, 

2000). 

On the contrary, Layton (1986) argues about the need of a micro view. According to 

him, the context or situation of a socioscientific issue has a strong influence on the 

knowledge people bring to bear. “It is the real-ness of a situation and the relation 

with students experiences that makes knowledge meaningful”. For this reason, Layton 
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develops a curriculum for adults, named Science for Specific Social Purposes (SSSP), 

which brings into focus the vocational life of the students (Layton, 1986). Under the 

same terms, Roth and Lee (2004) - who worked with marginalized people - highlight 

the importance of context-based learning and they design a program based on activity 

theory. According to them, the means for learning, but also the main issue of learning 

is the collective activity of the students to develop skills and to acquire scientific 

knowledge for participation in community life. Activities take place in real contexts 

that derive from students’ experiences and range from personal matters, livelihood 

and leisure, to activism or organized protest (Roth & Lee, 2004).  

 

Table 1  

Different Approaches to Scientific Literacy Curriculum Designing 

Vision of Scientific 

Literacy 

Curriculum 

exemplar 
Curriculum content 

Roberts’ Vision I 

Science literacy 

Benchmarks for 

Science Literacy 

(AAAS) 

Emphasizing in science itself 

e.g. Concepts, laws, developing 

scientific skills 

Roberts’ Vision II 

IIa Literacy about 

science-related 

situations  (Macro 

view)  

Twenty First 

Century Science 

(Millar) 

Using media articles or general 

interest daily life situations to create 

learning contexts that a citizen may 

encounter in his/hers life. 

e.g. Keeping healthy, Air quality, 

Earth in Universe 

IIb Literacy about 

science-related 

situations that derive 

from students’ 

everyday lives in a 

local community 

(Micro View) 

Science for Specific 

Social Purposes 

(Layton) 

Addressing the science needed to 

cope with daily life situations.  

e.g. Vocational life 

Scientific Literacy 

as a Collective 

Praxis 

(Roth & Lee) 

Addressing science as and for 

participation in community life. 

e.g. Personal matters, livelihood, 

activism 

 

Table 1 summarizes the aforementioned different perceptions of curriculum 

designing. Considering the target groups of Second Chance Schools and the aim of 

reintegrating this population in the society, a desired would approach the views of 

Layton about the importance of context based curriculum designing. Thus, science 

teachers should create learning science contexts that would relate their students’ 

personal, vocational or social life. Furthermore, this curriculum should incorporate 

socioscientific issues raised from the students’ lives, as Roth and Lee’s framework 

suggests.  
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THE STUDY 

This study aims to trace SCSs science teachers’ views on what scientific literacy 

signify in the context of SCSs and on how to develop a curriculum aiming at 

reintegrating the students in society through scientific literacy. For this purpose 

eleven semi-structured interviews of science teachers (designers of science 

curriculum) were conducted. The participants were from several parts of Greece; they 

had varying academic backgrounds and different teaching experiences in adult and 

formal secondary education (Figure 1). 

 

Figure 1. The Characteristics of the Sample 

 

The content analysis of the interviews was based on the Grounded theory, a method of 

generating a theory inductively from a corpus of data (Strauss & Corbin, 1990). 

Through this method, each educator’s profile was correlated with the kind of 

curriculum he/she designs. To create the educators’ profile three factors were taken 

into consideration: (a) their academic background, (b) their teaching experience and 

(c) their ability to understand the special characteristics of their students. The latter -

(c)- was measured by taking into account how many of the parameters mentioned in 

(c) (Table 2) are described in the interview of each science teacher, as factors helping 

him/her to set goals and to design a curriculum.  
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Table 2 

Educators’ Profile 

(a) Academic 

background 

Studies in Physics, Chemistry, Geology or Biology. Having 

or not having done postgraduate studies, in fields relevant 

to adult education or curriculum designing. 

(b) Teaching 

experiences 

Educators with previous experience in adult education or 

inexperienced educators who work only for a few hours 

every week in SCSs (part time job). 

(c) Ability to 

understand the special 

characteristics of their 

students: 

(c1) Interests e.g. Astronomical issues (solar system, 

Universe etc.) 

(c2) Cultural 

Contexts 

e.g. Romany people’s reasoning tend to 

be based on pseudo-scientific 

explanations (fate affect our lives) 

(c3) Personal 

Needs 

e.g. Need to understand health issues 

(c4) Vocational 

Needs 

e.g. Need to learn new things concerning 

their occupations/jobs (new fertilizers for 

agricultural work) 

(c5) Social 

Needs 

e.g. Need to understand and participate in 

the social discourse about socioscientific 

issues related to their lives (make 

decisions on the establishment or not of 

landfills in their municipality, make 

decisions about genetically modified 

foods) 

 

THE RESULTS 

The results show that three major categories of curricula can be identified (Table 3). 

Each one reflects a different perception of what scientific literacy means in the 

contexts of the SCSs, according to the science teachers (and designers of the 

corresponding curricula): 

1) A curriculum oriented towards the content of science. The science teachers who 

adopted this view consider that the knowledge of science concepts and principles (e.g. 

Newton Laws), the development of scientific skills (e.g. to make hypotheses about a 

phenomenon), as well as science being taught through history of science, should be 

the target of a science curriculum. These teachers are categorized as implying the – 

aforementioned – Vision I point of view.  

2) A curriculum providing the knowledge and developing the kind of thinking that are 

necessary to deal with science-related daily life situations and problems (e.g. health 

issues, fertilizers for agricultural work).  

3) A curriculum aiming at developing the learner’s ability to make choices related 

with socioscientific issues (e.g. pros and cons of using nuclear energy).  
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Categories 2 and 3 indicate what Roberts describes as Vision II. Yet, in SCSs, due to 

the population they refer to, it is very crucial for an educator to incorporate 

socioscientific issues in his/her curriculum. Doing so, it will be considered in this 

study as consisting a different category of curriculum designing (see below Table 3).   

 

Curriculum oriented towards the content of science 

In the first category of curriculum designing, all science teachers are inexperienced in 

adult education. Their choice to develop a content-based curriculum is explained by 

them as an effort to provide students with the scientific knowledge and skills required 

to continue their studies in upper secondary school.  

“Students should acquire basic skills of science and should be familiar with concepts 

that they will meet in upper secondary school. 

Table 3 

The Kinds of Curricula Science Teachers Design to Achieve Their Students’ Expected 

Scientific Literacy  

Kind of 

Curriculum 
Science Teachers’ Profile Objectives of the Curriculum 

1. Curriculum 

oriented towards 

the content of 

science  

Science teachers who are 

inexperienced in adult 

education. It’s their own 

teaching experience in formal 

education and their academic 

background that guide them at 

their choices, when designing a 

curriculum, and not the culture 

of their students. 

“Students should acquire basic 

skills of science and should be 

familiar with concepts that 

they will meet in upper 

secondary school. To get a 

degree which will help them 

to overcome their social and 

economic exclusion from the 

society”. 

2. Curriculum 

aiming at 

providing 

familiarity with 

science-related 

daily life situations 

Science teachers who are 

either inexperienced with high 

sensitivity in understanding 

their students’ characteristics 

or experienced educators. 

They are affected by the 

context of their students’ lives, 

especially from their 

professional lives.  

“Students should be able to 

explain physical phenomena 

that affect their lives and 

interpret daily life through 

science. Also they should 

understand information 

related with science that 

appear in media and have the 

confidence to participate in 

relevant conversations”. 

3. Curriculum 

aiming at 

supporting 

decision making in 

socioscientific 

issues 

Experienced science teachers 

with high level of 

understanding their students’ 

living conditions. Only a few 

teachers try to include 

socioscientific issues in their 

curriculum.  

“Students should be able to 

make decisions as active 

citizens about science and 

technology related social 

issues”. 
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This is because the teachers of this category identify the needs of their students and 

the aim of their social inclusion with the degree of the upper secondary school, even 

though the most of them when they were asked don’t even know how many of their 

students will actually continue their studies in the formal education. 

Their benchmark to choose the most appropriate content for that aim is that of the 

content of the curriculum of the formal lower secondary school. Influenced by the 

field of their studies, they emphasize in Physics and Chemistry, teaching e.g. 

measurement units, mechanics, structure of matter, periodic table, chemical reactions 

and related exercises.  

Furthermore, few science teachers among them declare that through the science 

content they teach, they try to raise the scientific awareness of their students, while 

some others stress aspects of nature of science.  

The goal of scientific awareness is reflected in the following statement:  

“To be introduced to the scientific method and scientific thinking”. 

The development of their students’ scientific awareness is served by applying the 

sequence of observation, hypothesis, experiment and conclusion. 

Science teachers with relevant studies stress the goal related to the nature of science. 

Their learning goal is: 

“To gain an appreciation about the way scientific knowledge has evolved into what 

we believe today or how we have achieved technological achievements” or “To 

understand the operation of the natural world”. 

To serve that goal they present the unity of the natural world from the macrocosm to 

the microcosm and provide examples of historical moments that changed the way we 

interpret the natural world.  

To conclude, the teachers of this category, when designing scientific literacy curricula, 

do not take into account the culture of their students, especially when these curricula 

are addressed to Romani people, immigrants or prisoners. In their interviews they 

admit that it’s their own teaching experiences from formal education and their 

academic background that guide them to design curricula that focus in concepts and 

methods of science. Those few educators trying to stress aspects of the nature of 

science and to develop their students’ scientific awareness express views that reveal a 

very positivistic view of scientific method, scientific thinking and the way scientific 

enterprise evolves.  

Curriculum aiming at providing familiarity with science-related daily 

life situations 

Science teachers of this category are experienced teachers in adult education or 

inexperienced ones who have high sensitivity and understanding of their students’ 

characteristics (mainly their interests and their personal and vocational needs).  

They stand that: “Acquiring familiarity with science-related daily life situations, will 

give students the confidence they need in their personal life to start participating in 

relevant conversations”. 

The most experienced teachers of this category try to develop a meaningful learning 

context for their students by using media articles mainly. The articles they choose are 

relevant either to general interest science topics (e.g. the human body, earthquakes, 
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radiation etc.), or to topics relevant to their students’ personal and vocational life (e.g. 

health issues and fertilizers for agricultural work).  

This approach of science curriculum designing implies strongly Vision II, but still 

ignores the part of promoting active citizenship, an aspect of scientific literacy that 

Roberts highlights in his definition of Vision II.  

The less experienced ones believe that the interpretation of daily life phenomena is 

too complex. Therefore addressing such phenomena presupposes the need to teach the 

corresponding content of science (concepts and principles). However, in their attempt 

to address the necessary knowledge background, many of them eventually end up 

teaching science that is out of the context of their students’ lives, interests and values. 

Consequently, this kind of learning context for daily life situations is less meaningful 

for their students and resembles the teaching practices of the teachers of the first 

category. 

Curriculum aiming at supporting decision making in socioscientific 

issues 

Teachers with previous experience in SCSs and with a high level of understanding of 

their students’ living conditions argue about the importance of supporting decision 

making in socioscientific issues. According to them:  

“Being scientificly literate means being able to make decisions as an active citizen 

about science and technology related social issues and this is very crucial for the lives 

of these students”. 

Whilst those teachers set such goals, according to the way they describe the structure 

of their curricula, they integrate socioscientific issues only at the last topic of their 

curriculum (nuclear energy - arguments for and against, and technology - pros and 

cons. This result reveals that even if science teachers are experienced and try to 

understand what should be a desirable goal for the target group they address, they 

don’t know how to serve that goal through the content they choose.  

 

CONCLUSIONS 

This study aimed at investigating the SCSs science teachers’ views: a) on how they 

understand the aim of promoting their students’ scientific literacy to face social 

exclusion, and b) whether they take into account their students’ personal, cultural and 

social needs when designing a curriculum. The results showed three major categories 

of curriculum designing. However, the three categories presented here should not be 

considered as distinct. They only show in which aspects of scientific literacy the 

SCSs’ teachers have focused and where they intended to give emphasis through the 

curricula designed. However, in practice there is not just one aspect of curriculum 

emphasis in each curriculum. For instance, a science teacher may intend to design a 

curriculum to promote active citizenship, but the structure of his/her curriculum also 

gives emphasis to providing knowledge to the learner for understanding and 

controlling his/her environment in order to cope in everyday life situations. Thus, the 

categorization of these curricula should be seen as parts of a spectrum of SCSs’ 

science teachers’ curriculum emphasis, rather than three distinct categories.  
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This Figure 2a shows in two parallels a comparison of the practices of SCSs’ science 

teachers when designing their curricula with the kind of curricula identified in 

bibliography.  

Figure 2a. Spectrum of Science Teachers’ Curricula: Emphasis in Different Aspects of 

Scientific Literacy  

 

Each science teacher’s curriculum classification in the spectrum seems to be related 

with his/her teaching experience in adult education. As mentioned before, the less 

experienced science teachers (who are a large proportion of the general population of 

science teachers in SCSs) focus on teaching the content of science. For them, the 

lower secondary education science curriculum acts as an exemplar, and furthermore 

they are very much affected by the field of their studies when they choose the content 

they will teach. These teachers tend to forget the characteristics of the target group 

they are addressing (Figure 2b).  

 

Figure 2b. Curriculum Oriented Towards the Content of Science  

 

When science teachers attempt to make a transition from Vision I to Vision II 

curricula they tend to emphasize teaching scientific phenomena related to students’ 

interests. In this case, their main concern is promoting skills for participating in 

discourses regarding issues raised frequently in the media. These curricula seem to 

resemble with the Millar’s curriculum, however they don’t engage at all the 

socioscientific aspects that Millar highlights (Figure 2c).  

The less experienced science teachers of this category, when they develop the 

corresponding teaching content to introduce daily life phenomena, quite often still 

seem to be limited and drift from the scientific knowledge embedded in the 
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phenomena. That is why some curricula of the second category have characteristics of 

Vision I curricula and in practice could be identified in the area of Figure 2b.                  

 

Figure 2c. Curricula Aiming at Providing Familiarity with Science-related Daily Life 

Situations (Macro View) 

 

As the experience of the teachers becomes greater in adult education, it is clear that 

the science teachers acknowledge their students’ needs and thus they design curricula 

focused on applied scientific knowledge that will be useful for their students’ future 

life. However, in their attempt to identify the micro-characteristics of their learners, 

they seem to perceive and utilize more easily the characteristics of the vocational and 

personal lives of the learners. These curricula have similarities with Layton’s 

curriculum exemplar (Figure 2d). 

 

Figure 2d. Curricula Aiming at Providing Familiarity with Science-related Daily Life 

Situations (Micro View) 

 

Very few among them focus on the social needs of their students. These science 

teachers are the most experienced ones (5-7 years of experience in SCSs). They argue 

about the importance of decision-making in socioscientific issues but, as we have 

already mentioned, in focus they slightly focus in related topics (only at the last topic 

of their curricula). Moreover, the learning contexts they create for socioscientific 

issues fail to approach science issues from the perspective of the individual (students’ 

perspective/micro view) and rather approach them from the perspective of the society 

(society’s needs for future citizens/macro view). This way of addressing 
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socioscientific issues reminds us more of Millar’s curriculum exemplar than Roth and 

Lee’s. However, if SCS educators could design curricula according to Roth and Lee’s 

exemplar, it would be very important for the kind of student population they are 

addressing (Figure 2e). 

 

Figure 2e. Curriculum Aiming at Supporting Decision Making in Socioscientific 

Issues (Macro View) 

 

To conclude, from the results presented here it seems that teaching experience in 

SCSs helps science teachers to make significant progress in giving curriculum 

emphasis to aspects of their students’ daily lives. They minimize the extent to which 

they are affected from their own academic background and teaching experiences in 

formal education and they shift their interest to the recognition of aspects of their 

students’ lives (Figure 2f). 

 

Figure 2f. What Influences Science Teachers’ Practices in Scientific Literacy 

Curriculum Designing  

 

Therefore, it is clear that the institution of SCSs should support those teachers by 

training them to design curricula for scientific literacy according to the sociocultural 

characteristics of their students. Through this process, the less experienced science 

teachers will be able to be introduced more easily into the priorities of the institution 

and the more experienced will be able to develop their skills in curriculum designing. 

In this way, teachers will be able to develop meaningful learning contexts (for their 

students’ lives) and therefore provide their students with better opportunities for 

reintegration into society. 
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PROMOTING STUDENTS’ USE OF CONTENT 
KNOWLEDGE IN SSI REASONING THROUGH 

LABORATORY ACTIVITIES 
 

Italo Testa 
University “Federico II”, Department of Physics, Naples, Italy 
 
Abstract: The paper presents the results of a teaching intervention aimed at improving 
students’ use of content knowledge when reasoning about Socio-Scientific Issues 
(SSI). Target concepts were energy and models. The construction of an incinerator 
and a nuclear power plant have been chosen as controversial social issues. The 
intervention resembled how science knowledge is produced, communicated and 
validated. More specifically, the activities were: the reading of issue-focused papers, 
class discussions and laboratory experiments with low cost materials aimed to 
explicitly show the role of the addressed concepts in the issues. The implementation 
was conducted with a total of 128 Italian high school students (14-16 years old). An 
experimental-control group research design was adopted. The experimental (67) and 
control (61) groups followed the same activities except for the laboratory experiments 
and data analysis. The results show that students in the experimental group were 
significantly more able to use the addressed concepts to justify their decisions on the 
proposed controversial issues than students of the control group. This study supports 
the introduction of laboratory activities in SSI teaching interventions to promote 
students’ use of content knowledge in their reasoning about science-related social 
controversies.  
 
Keywords: SSI, content knowledge, energy, scientific models, epistemic practices 
 
 
BACKGROUND AND FRAMEWORK 
There is a growing demand for reformed science curricula that could help students 
grow into active citizens of post-industrialized society (De Boer, 2011). Learners 
should become aware of the interplay between Science and Society, recognize that 
scientific research is not value-free, develop an informed idea about science-related 
challenging situations, and finally take some action about it (Hodson, 2003). The 
Socio-Scientific Issues (SSI, Zeidler, Sadler, Simmons & Howes, 2005) framework 
provides meaningful learning contexts in which these goals can be achieved.  

SSI are situated learning approaches that feature ill-structured problems aiming to 
promote students’ personal involvement and interest in science from intellectual and 
moral viewpoints (Sadler, 2009). Moreover, SSI approaches place students in 
situations in which aspects of Nature of Science (NOS) can be fruitfully explored 
(Eastwood et al., 2012; Sadler & Zeidler, 2005a).  

There is an increasing interest among scholars of this research area for investigating 
the implementation of SSI approaches in classroom practice. Previous research studies 
have proved that SSI-based instruction can lead to significant improvements in 
students’ argumentation, critical thinking and decision making skills (Dawson & 
Venville, 2010; Jiménez-Aleixandre & Pereiro-Muñoz, 2002). Other studies suggest 
that SSI-based instruction is effective for improving students’ learning of science 
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concepts relevant to the addressed issue (Klosterman & Sadler, 2010; Sadler & 
Zeidler, 2005b; Venville & Dawson, 2010). However, the adoption of SSI approaches 
in classroom practice, except for some notable examples as the UK (for instance, 
Science in Society course by the Nuffield foundation), is slow for curriculum and time 
constraints (Gayford, 2002; Sadler, Amirshokoohi, Kazempour, & Allspaw, 2006). 
This trend is particularly evident in countries, as Italy, where even Science-
Technology-Society approaches have never affected the school science curriculum. 
Therefore, the investigation of the extent to which students exploit content knowledge 
in reasoning and decision making process about SSI deserves much more attention.  

Review of Literature 

Ryder (2001) emphasizes the importance of a basic understanding of Science when 
individuals, non-scientific professionals, deal with SSI. Studies reported in the review 
plausibly suggest that content knowledge and knowledge of NOS can help students 
discuss SSI controversies in an informed way. Still, several studies (Grace & 
Ratcliffe, 2002; Sadler, 2004; Sadler & Zeidler, 2005a) have evidenced that emotive 
factors, socially agreed values, personal connections and experiences with the issue, 
and morality instances are prevalent in students’ reasoning patterns about SSI. 
Actually, SSI approaches commonly borrow controversies arising from the frontier of 
Science where consensus in scientists’ community is not yet reached. Previous studies 
suggest that students probably will not use any scientific perspective when negotiating 
such issues. For instance, Halverson, Siegel and Freyermuth (2009) found that the 
scientific perspective was the least used by undergraduate students in their arguments 
about stem cell research. Similarly, Wu and Tsai (2007) found that students reasoned 
about the construction of a nuclear plant and the use of nuclear power using 
prevalently ecological; economic; and social-oriented perspectives rather than relying 
on scientific and technological arguments. 

Studies about students’ use of content knowledge when discussing SSI have been 
more limited. Sadler and Donnelly (2006) conducted a qualitative analysis of high 
school (15-18) students’ arguments about three genetic engineering scenarios. Four 
categories of participants’ understanding of genetics emerged from data: 1) use of 
content knowledge; 2) use of science fictional accounts of genetic engineering; 3) 
presence of misconceptions about genetics; 4) lack of enough content knowledge. In 
general, very few participants relied on correct genetics content knowledge to support 
their argumentation. More frequently, students used genetic knowledge as it appears 
in science fiction tales or incorrectly. In another study (von Aufschnaiter, Erduran, 
Osborne, & Simon, 2008), junior high school students negotiated a scenario about the 
funding of a zoo and decided on contrasting statements about Moon phases and blood 
pressure. Results show that participants relied mostly on school or life experiences to 
produce complex-structured arguments, which, however, showed little evidence of a 
deeper understanding of content knowledge. Sadler and Fowler (2006) investigated 
how three groups of students – 1) high school, variable genetics knowledge, 2) college 
non-science majors, low genetics knowledge, and 3) college science majors, advanced 
genetics knowledge – relied on content knowledge discussing three SSI genetics 
scenarios. Overall, science majors showed a better quality of the arguments from the 
biology content knowledge viewpoint, while non-majors and high school students did 
not differ significantly in the quality of the arguments supporting their positions. 
Lewis and Leach (2006) proved that students’ reasoning about gene technology 
depends on the issue context and on the comprehension of the science contents 
underlying it. In particular, alternative ideas and misconceptions led to 
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misidentification of the issue. However, after a short unit in which science ideas 
relevant to the issues were addressed, students seemed able to at least identify the key 
features of the scenarios, although justifications for the expressed viewpoints still did 
not draw on science contents explicitly. Finally, Zohar and Nemet (2002) examined 
the impact of a unit aimed at enhancing content knowledge of genetics (recessive and 
dominant traits, X-linked traits) and argumentation skills (criteria to produce a good 
argument, constructing rebuttals). Throughout the unit, the students were repeatedly 
prompted to use biological knowledge in their arguments about the proposed moral 
dilemmas (abortion). Four categories were used to analyze students’ responses to a 
written task about cystic fibrosis dilemma (p. 49): 1) no biological knowledge 
considered; 2) incorrect consideration of biological knowledge; 3) consideration of 
non-specific biological knowledge, and 4) correct consideration of specific biological 
knowledge. The authors report that the experimental group students significantly 
improved their ability in the use of content knowledge when discussing the proposed 
SSI.  

Aim of the study 
On the whole, what such extended body of research indicates is that content 
knowledge could play a significant role in students’ SSI argumentation. However, 
there is the need for more research to investigate which kind of activities may enhance 
students’ capability to correctly transfer science content knowledge learnt in SSI 
decision-making. In this study we examine the role of laboratory activities, which are 
being increasingly included in SSI classroom-based approaches to improve students’ 
informal reasoning (Klosterman & Sadler, 2010; Sadler, Klosterman, & Topcu, 2011). 
More specifically, the research question that guided the study was: To what extent do 
students improve the capability to use content knowledge in decision-making about 
SSI after a laboratory-based teaching intervention? 

Theoretical framework 
We designed our intervention so that the proposed rationale may resemble how 
science knowledge is produced, communicated and validated within scientists’ 
community (Kelly, 2008). We will detail these phases for physics, since the contents 
that will be addressed in the intervention will concern this science area. However, the 
same arguments clearly hold also for other experimental sciences. 

Being physics deliberately developed to use the unambiguous mathematical language 
(Ziman, 1978), the components of the theoretical models that describe and interpret 
the natural phenomena are for the most part reduced to quantities that can be 
measured and numerically represented (production). More specifically, the choice of 
these quantities (for instance, the parameters that describe the time evolution of a 
system) is guided by qualitative observations or theoretical considerations. This 
qualitative step includes the decision of what can be regarded as secondary (and 
therefore negligible) for the description and interpretation of the phenomenon 
(whatever its complexity) and the definition of the essential features necessary to 
represent it as a ‘simplified’ system studied in the laboratory (Duit, Niedderer, & 
Schecker, 2007). The simplified system will define the design principles of the 
experiments to be carried out, the essential features of the apparatus and of the testing 
procedures, the procedure for the data collection and the interpretation of the findings. 
Starting from the experiments, the mathematical relationships found between the 
measured parameters will concur in the building of empirical laws that will construct 
or confirm a scientific model to quantitatively describe the phenomenon and possibly 
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predict its evolution with time. The physicists negotiate the produced knowledge with 
a social community (communication). Such a social community is constituted by 
peers working in similar research fields or subject areas. The interaction takes place 
through production of papers, conference talk, seminars, and focuses on both 
theoretical hypotheses and the possible interpretations of the experimental results. 
This process of communication may lead, like other fields in Science, to controversies 
that may arise, for example, from discrepancy between predictions and experimental 
observations. Such controversies, in most cases, can be resolved with a reasonable 
choice of new quantities at the basis of more effective theoretical assumptions or 
models. The choice of such quantities primarily warrants the possibility of repeating 
and challenging experimental and theoretical results, reducing ambiguity in 
descriptions and interpretations of phenomena and increasing the reliability of physics 
knowledge (validation).  

 
METHODS  

Description of the intervention 
Our physics-based SSI intervention can be modeled by a production-communication-
validation triangle analogous to that used to describe the construction of physics 
knowledge from the epistemological viewpoint. The starting point of the production 
phase is the specific SSI addressed. The issue should be as close as possible to 
students’ personal experience to motivate them to take a position on it. Then, the 
students are guided to identify and select the relevant scientific contents that can help 
them resolve the scientific controversy associated with the SSI. Then, the students, in 
small groups, are involved in the laboratory activities. During this activity, the 
students are asked to: – plan a suitable experimental procedure, both theoretical and 
practical, with the aim of estimating a physical quantity (for instance, equilibrium 
temperature); and – perform the measurements in small groups. The result of the 
laboratory activities is the starting point of a negotiation process among learners and 
between learners and teacher. In particular, each group of students communicates the 
obtained results to the other groups. Here, the role of the teacher and of the rest of the 
class is analogous to that of a community of science practitioners that share their 
results using the same criteria to establish the reliability of findings obtained in 
comparable experimental conditions. The results of the laboratory activities should 
basically aim at showing students how the selected content may resolve the specific 
scientific controversy. In this way, the validity of students’ discourse and decision 
making process may increase by exploiting scientific evidence and concepts. The 
negotiation process may be useful also to validate the students’ conclusions and to 
provide further hints about other aspects to be investigated to solve the issue. In case 
of discrepancies, the measurements are critically discussed or repeated to achieve a 
shared conclusion.  

For the purpose of the study, two SSI scenarios were designed: the construction of an 
energy recovery waste incineration plant (WI) and the construction of a nuclear plant 
(NP). Both SSI scenarios were debated in Italian newspapers in the past years. In the 
WI scenario, the scientific controversy concerned stakeholders’ propaganda in favour 
of the construction of the incinerator to “produce” energy from wastes, disregarding 
the need of external energy sources to burn wastes. In the NP scenario, the scientific 
controversy concerned the contrasting models developed to predict nuclear radiation 
risks. To support the discussion of the issues, fictitious papers were designed by the 
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author. The papers reported two contrastive perspectives associated with each of the 
two scenarios. To emphasize the role of content knowledge in the controversy, also 
some not correct ideas (for instance, the “creation of energy” from the burning of 
wastes or “an incinerator pollutes as three cars”) have been reported in the papers. The 
primary aim was to encourage students to rebut these ideas using scientific concepts 
meaningfully.  

The laboratory experiments sessions were performed with low-cost materials and 
featured simplified situations resembling the scenarios’ scientific controversies. In 
particular, the experiments concerned the measurement of: the equilibrium 
temperature of two water masses, at different initial temperatures, in a thermos (heat 
transfers and energy, WI scenario); the temperature vs. time trend of a water mass 
cooling down in a constant temperature environment (hypotheses and predictions of 
scientific models, NP scenario).  

Research design 
The intervention was carried out in 2011 with a total of 128 high school students 
(average age = 14.3 years). An experimental-control group design was adopted. 
Overall, 67 students formed the experimental group, 61 the control group. The 
experimental group implemented all the phases of the production – communication – 
validation triangle. The activity sequence of the control group was as follows: as the 
experimental group, the students read the papers about waste incinerator and nuclear 
plant and was involved in an introductory class discussion to identify the scientific 
contents relevant for the issues. Differently from the experimental group, the target 
concepts (energy conservation and dissipation, scientific models) were addressed only 
through class lectures following the school textbook. Then, as for the experimental 
group, a clarification of how to use target concepts to discuss the controversial issues 
was implemented in a final class discussion. In this way, the control group was 
exposed to the same activity sequence of the experimental group except for the 
laboratory experiments and the subsequent data analysis, communication and 
validation. 

Instrumentation and data analysis 
To answer the research question we designed three decision-making open questions, 
submitted before and after the intervention implementation (Table 1). 

Table 1 

Decision-making questions used in the study 

Questions 
1 Would you participate to a protest 
committee against the construction of an 
incinerator near your town? 

1 Would you support a protest committee 
against the construction of a nuclear plant 
near your town? 

Yes  No and my decision is based on the following arguments  

2 If someone does not agree with you, how do you respond to such criticism? 

3 Would you try to convince another person who does not agree with you? 
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We assessed the students’ arguments on the basis of their validity from content 
knowledge viewpoint (Sampson & Clark, 2008; Zeidler, 1997; Zohar & Nemet, 
2002). More specifically, we analyzed if the students correctly referred to scientific 
evidence and concepts in their answers to the three decision-making questions. To be 
more specific, arguments with grounds based on correct scientific evidence and 
concepts were ranked highest, arguments with no scientific grounds or merely based 
on other types of factors (for instance, economic, social, religious) were ranked 
lowest. The initial categorization of the students’ answers is shown in Table 2. The 
categorization ranges from no reference to scientific evidence and concepts in any 
answer (C0) to a correct reference in all the three answers (C3). Then, the categories 
were grouped into two macro-levels of arguments’ validity, ‘medium-low’, (C0-C1) 
and ‘high’ (C2-C3) to perform a χ2 analysis and identify possible differences between 
and within the experimental and control group. 

 

RESULTS 
The analysis of students’ answers to the pre- and post-test decision making questions 
in the two scenarios using the initial categorization is reported in Tables 3 and 4. In 
the pre-test, the majority of involved students did not use content knowledge to justify 
their decisions about the controversial issues (overall, 94 out of 128 for NP scenario, 
99 out of 128 for the WI scenario). In the post-test, for the NP scenario, about half of 
the experimental group students (34 out of 67) made some reference to content 
knowledge at least in one of the answers (C1 category), while 26 students produced 
valid arguments in at least two answers (C2 and C3 categories). For the WI scenario, 
14 experimental group students included some reference to content knowledge only in 
one answer, 45 in two or three answers. The control group students showed a lower 
performance. For the NP scenario, 15 students produced medium-low validity 
arguments, only six produced high validity arguments. For the WI scenario, 20 
students included only in one answer a reference to content knowledge, and only 17 
referred to scientific evidence and concepts in at least two answers. 

The comparison of the aggregate analysis between experimental and control students’ 
answers to the post-test decision making questions using the two macro-levels of 
arguments’ validity is reported in Table 5. The χ2 analysis shows that after the 
teaching intervention the experimental group students, exposed also to the laboratory 
activities, achieved significantly better results than the control group students. 
Actually, in the NP scenario, about 40% of the experimental group students showed a 
high validity reasoning; in the WI scenario, this percentage rises up to about 70%. On 
the contrary, about 90% (NP scenario) and 70% (WI scenario) of the control group 
students showed a medium-low  validity reasoning.  

The comparison of the students’ answers to the post-test decision making questions 
for the two scenarios within the experimental and control group using the two macro-
levels of arguments’ validity is reported in Table 6. Surprisingly, the students’ 
performances were significantly different between the two scenarios after the teaching 
intervention. In particular, the students of both groups were more likely to produce 
high validity arguments in the WI scenario. For the experimental group, only about 
half of the students who produced high validity arguments in the WI scenario showed 
the same performance in the NP scenario. For the control group, this percentage is 
smaller (5 out of 17, about 30%). 
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Table 2 

Initial categorization used in the study 

Code Description Example excerpts 

C0 No answer or answer 
generically. No 
reference to scientific 
evidence or concepts 

[1] Yes to the committee because I think the 
incinerator can cause significant harm to human 
health [2] anyone can think as he wishes...[3] I'll 
make  understand my reasons (WI) 

C1 Reference to scientific 
evidence and concepts 
in only one of the 
answers 

[1] …although nuclear energy provides energy is 
also very dangerous because of its side effects that 
cause serious damages to health and the 
environment around which these plants are 
located.... [2]… I would respond to criticism by 
highlighting the negative effects that are not 
balanced by what the plant may provide to the 
population ... [3] I would try to explain the situation 
but I would not impose my thinking because not 
everyone thinks the same way. (NP) 

C2 Reference to scientific 
evidence and concepts 
in two of the answers 

[1] Yes, nuclear power is harmful as various data 
and the rates of the radioactive doses have shown. 
Several disasters have confirmed the predictions ... 
[2] …I would motivate my thoughts giving 
explanation of the consequences of the disasters. I 
would show the data of deaths due to radiations 
and I would make him understand that a simple 
model of organ based on plastic bags has many 
limitations and does not take into account the real 
risk for a human life [3]…I would show how wrong 
are some models about nuclear energy risks... (NP) 

C3 Reference to scientific 
evidence and concepts 
in all the answers 

[1] Yes, I would now join a protest committee for 
the incinerator because it does not provide 
energetic benefits of any kind. In fact, as we 
reported in the data after the experiment that we 
conducted in class, the starting energy is greater 
than the energy of the incinerator at the end of the 
process. In fact, the incinerator process consumes 
to burn the wastes more energy than it earns and 
then loses a huge amount of energy ....[2] To 
convince someone I probably would use the same 
arguments that we discussed in class… the initial 
energy is greater than that produced... it dissipates 
energy that is visible through the smoke that the 
plant generates  [3] I would reply saying that, even 
if it burns the wastes, part of the energy is 
transformed into energy of polluting particles and 
this could bring serious damages to our health (WI) 
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Table 3 

Analysis of students’ answers using the initial categorization for the NP scenario 

Category 
Experimental 

Group Pre-Test 
Experimental 

Group Post-Test 
Control Group 

Pre-Test 
Control Group  

Post-Test 

C0 46 7 48 40 

C1 21 34 13 15 

C2 0 15 0 4 

C3 0 11 0 2 

Table 4 

Analysis of students’ answers using the initial categorization for the WI scenario 

Category 
Experimental 

Group Pre-Test 
Experimental 

Group Post-Test 
Control Group 

Pre-Test 
Control Group  

Post-Test 

C0 55 8 44 24 

C1 12 14 17 20 

C2 0 28 0 15 

C3 0 17 0 2 

Table 5 

Between groups analysis of post-test students’ answers using the two macro-levels of 
arguments’ validity 

Scenario Arguments’ 
validity 

Experimental 
Group 

Control 
Group 

χ2 Sign. level 

NP High 26 6 14.29 < 10-4 

Medium-Low 41 55   

WI High 45 17 19.74  < 10-4 

Medium-Low 22 44   

Table 6 

Within groups analysis of post-test students’ answers using the two macro-levels of 
arguments’ validity 

Group 
NP Arguments’ 

validity 

WI Arguments’ validity 
χ2 Sign. level 

High Medium-Low 

Experimental 
High 23 3 8,738 0.003 

Medium-Low 22 19   

Control 
High 5 1 10,184 0.001 

Medium-Low 12 43   
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DISCUSSION 
The main purpose of this study was to investigate the effects of a laboratory-based 
intervention about energy and scientific models on students’ reasoning about physics-
based SSI. The intervention featured three phases that engaged the students in an 
epistemic practice where knowledge is constructed, then communicated and finally 
validated.  

The results show that after the intervention most of the involved students (81 and 96 
out of 128) were able to discuss about both scenarios using appropriately some 
scientific evidence in at least one answer to the three proposed decision-making 
questions. Amongst these students, some (32 and 62) produced valid arguments from 
content knowledge viewpoint in at least two answers. We note that few involved 
students (13 and 19, respectively for the NP and WI scenario) exploited meaningfully 
the related content knowledge in all three questions. Such evidence suggests that 
short-term teaching interventions cannot help students use primarily content 
knowledge in SSI informal reasoning. 

Notwithstanding this global evidence, we found that the results of the experimental 
and control group are significantly different in the post-test. Such differences do not 
appear to be due to different interest towards the scenario or to lack of information. 
Similarly, differences seem not to be related to out-of-intervention school factors 
since students of both groups followed the same curriculum in humanities, 
mathematics and ‘sciences’. Therefore, the significant differences found can be 
reasonably attributed to the differences in the interventions, that is, laboratory 
activities. This evidence plausibly suggests that students are more likely to introduce 
in their reasoning a meaningful reference to content knowledge if they are personally 
involved in the construction of such knowledge as it happened during data collection 
and analysis in the proposed laboratory tasks. The average growth of the will to 
challenge criticism in the experimental group students using content knowledge as 
key counter-argument suggests the relevance also of the communication and 
validation phases. Such result is consistent with the exploratory study by Sampson, 
Grooms and Walker (2010), which supports the effectiveness of engaging students in 
scientific practices to overcome difficulties in developing high-quality arguments 
from the content knowledge viewpoint. Moreover, the documented evidence is also 
consistent with previous studies about the impact of laboratory activities on students’ 
attitude towards Science (Freedman, 1997), argumentation skills (Kelly, Drucker, & 
Chen, 1998) and with those reported in SSI research field (Klosterman & Sadler, 
2010; Sadler, Klosterman, & Topcu, 2011). 

This study confirms that “to know” the content related to a controversial issue may 
induce students to use primarily a scientific perspective in its negotiation (Sadler & 
Fowler, 2006). However, at a deeper look, differences in the performances of the 
experimental group in the two scenarios (NP and WI) suggest that the students found 
more difficulties in relying on scientific models to reason about the nuclear radiation 
risks than using energy to discuss about the waste incinerator. Such result seems 
plausible because modeling processes require on behalf of students higher-order 
abstraction capabilities, difficult to achieve in a short time teaching intervention. 
Hence, our findings suggest that the students’ use of content knowledge in SSI may 
depend on the content underlying a given issue (Lewis & Leach, 2006) and on its 
didactical transposition. Consequently, a suitable “tuning” of the scientific content 
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underlying a given SSI on a “school” science level could likely help students use 
successfully the acquired content knowledge in their argumentation.  

 

CONCLUSIONS  
Previous studies have shown the effectiveness of SSI-based instruction on students’ 
learning of science contents. However, how to foster students’ ability to transfer 
acquired content knowledge in socio-scientific discourse and decision making 
deserves further investigation. This study was intended to contribute to science 
education research by investigating the effects of a physics-based intervention about 
scientific modeling and energy conservation/transfer on students’ SSI-argumentation. 
Results show a significant progression in the use of content knowledge in SSI 
discourse by those students involved in all the phases of the intervention. In particular, 
students who improved the quality of arguments were also more keen on change their 
initial opinion and showed a greater confidence in debating about the issues and in 
responding to criticism. 

The present study provides some implications for scholars in the SSI field. First, the 
collected evidence indicates that also physics can be a fruitful area in which to 
stimulate students’ attitudes toward science and enhance specific skills as 
argumentation and evaluation of scientific evidence in decision making process 
(Sampson & Clark, 2008). To this concern, an important role was played by the 
epistemological basis of our intervention, that is, the production-communication-
validation triangle. Actually, when students are helped not only in acquiring scientific 
concepts but also in communicating and validating their claims about natural 
phenomena, they more fruitfully exploit the concepts learned and hence value the role 
of Science in everyday life contexts (Watson, Swain, & McRobbie, 2004). As a 
consequence, SSI approaches should take advantage of the communication and 
validation phases to make students more aware of the role of Science in social and 
moral controversies.  

Finally, our findings suggest that efforts should be devoted at identifying suitable 
school science contents that can play a central role in SSI controversies. This study 
illustrates the effectiveness of an intervention focused on contents as energy and 
models, which were relevant for the discussed issues (construction of a waste 
incinerator and of a nuclear plant). Other examples may be thermodynamics 
principles (global warming), electric fields (mobiles damages), mechanical waves 
(earthquakes warnings), and so forth. Combined with suitable laboratory activities, 
such an approach may improve the students’ use of content knowledge in socio-
scientific discourse. 
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Abstract: Relevance is one of the key terms in reform in science education. Teachers are 
forced to make their teaching ‘more relevant’ to avoid a loss in interest and motivation. 
However, the term is not used coherently. An analysis of the literature shows that there are 
various meanings how the term is used in science education. From a thorough analysis of the 
literature of the last 50 years a definition of the meaning of relevance was derived and a 
model of dimensions of its understanding is suggested. From this model, relevance can be 
operated having three main dimensions: individual, societal and vocational relevance. For 
validation of the model focus group discussions with science teachers and student teachers of 
different stages of professionalism have been conducted. The results show a good degree of 
comprehensibility of the suggested model. However, most teachers, especially those still in 
the phase of pre-service training, interpret relevance more or less exclusively with a view on 
its individual dimension. The vocational and societal dimensions are less taken into 
consideration.  
 
Keywords: Science Education, Relevance, Curriculum, Science-Technology-Society  
 
 
INTRODUCTION 
For decades now the term ‘relevance’ is used when it comes to reform in science education. 
Reform papers report that learners perceive science and science education as ‘irrelevant’ for 
themselves as well as for the society in which they live and operate (European Commission, 
2004). As a result many students show a lack of interest in science learning and they are not 
motivated by science subjects (European Commission, 2007). Science subjects turn to be not 
popular to many students – especially secondary Physics and Chemistry (Hofstein, Eilks & 
Bybee, 2011). Both subjects are mainly considered as boring and too difficult to comprehend 
(Turner, Ireson & Twidle, 2010). As a potential solution, teachers are asked to make science 
education ‘more relevant’ in order to motivate their students and making them curious in 
science subjects (Newton, 1988a). However, it is not always clear what is meant by making 
science education ‘relevant’ and how to do it. Already 25 years, Newton (1988a) wrote:  

“The notion of relevance is not a simple one. It seems at the least unhelpful and at 
the worst counterproductive to urge a teacher to be relevant in terms which are 
abstract and diffuse. It might be useful if some aspects of the notion of relevance 
were to be clarified.” (Newton, 1988a, p. 8) 

An analysis of today’s literature shows that there are still a lot of different meanings and 
concepts behind the term ‘relevance’ when it comes to science education (Stuckey, Hofstein, 
Mamlok-Naaman & Eilks, 2013). Quite often the term relevance is used as a synonym for 
other concepts. For example the very popular Relevance of Science Education survey (ROSE) 
was called a study on relevance. However, in fact it was mainly focusing on student interests 
and it seems that the term ‘relevance’ was randomly selected and without any clear concept 
behind it:  
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“The term relevance was chosen … We could have chosen other words, like 
meaningful, motivating, interesting, engaging, important, etc. Relevance should 
therefore not be interpreted in a narrow or precise sense, and we will not try to 
provide any operational definition of the term. It should rather be understood as 
an indication of an important dimension that underlies the project. Besides, we 
found that ROSE was nice and suitable acronym and that it calls up metaphors, 
analogies and mental images.” (Schreiner & Sjøberg, 2004, p. 21) 

In science education there are various understandings of the term ‘relevance’. The term is 
used in the widely different contexts and with different meanings and intentions. E.g. 
relevance is used in the means of interest (Holbrook, 2008), as a perception of meaningfulness 
(Westbroek, Klaassen, Bulte & Pilot, 2003), or having positive consequences to promote 
motivation (Keller, 1987). It also is connected to different implications. The term is connected 
to individual interest, but also to future careers (European Commission, 2004) or having real-
life impacts for individuals and society, e.g. in terms of growing prosperity and sustainable 
development (Knamiller, 1984). Sometimes, relevance is explicitly suggested as being multi-
dimensional (Rannikmäe, Teppo & Holbrook, 2010) but without clearly outlining the 
dimensions. 

As there are different meanings in the use of relevance the term also has different textual 
dimensions. The key question regarding relevance is what is considered to be relevant, to 
whom, at what time, and/or who decides this (e.g. Aikenhead, 2003). Answering the question: 
‘Who decides what is relevant?’, Aikenhead (2003) gives seven different heuristic categories 
of experts (that might overlap to varying degrees) which include academic scientists, 
curriculum policy makers and researcher, science-based industries and professions, mass 
media and internet, economics and health experts, experts in the area of cultural aspects and 
students. 

Answers for what should be considered relevant can be obtained from two areas: the area 
defining the general aims and orientation of education and the area of science education itself 
(Stuckey et al., 2013). Using more general theories like ‘Allgmeinbildung’ or ‘Activity 
theory’ (Elmose & Roth, 2005; Holbrook & Rannikmäe, 2007; Roth & Lee, 2004; Van 
Aalsvoort, 2004) as well as more science education specific theories like Scientific Literacy 
for All (Bybee, 1997; Holbrook & Rannikmäe, 2009) it is clear that relevant science 
education should encompass a societal dimension – although this often is quite a neglected 
one (Hofstein et al., 2011). E.g. Holbrook (2005) suggested for understanding scientific 
literacy different important aspects to be taken into account that include the personal life of 
the students, the future workplace, but especially in respect to the society: 

“The stress on conceptual understanding and the appreciation of the nature of 
science tends not to be relevant for functionality in our lives, i.e. relevant to the 
home, the environment, future employment and most definitely for future changes 
and developments within the society.” (Holbrook, 2005, p. 1)  

These general thoughts on science education fit several concrete organizational schemes from 
the 1980 onwards. E.g. Schollum and Osborne (1985), Newton (1988a; 1988b), Kahl and 
Harms (1981), van Aalsvoort (2004) or Hofstein and Yager (1982) all made attempts to 
characterize the relevance of science education by suggesting different dimensions. All of 
them encompass beside an individual also a societal and sometimes a vocational dimension. 

This paper summarizes a coherent approach for understanding the term relevance. It discusses 
a definition and a model for its understanding. The paper also reports on study based focus 
group discussions whether the (hermeneutical derived) model is comprehensive and whether 
it mirrors educators understanding of the term ‘relevance’ with a special view on the 
importance of a societal dimension of relevant science education. 
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THE MEANING OF RELEVANCE IN SCIENCE EDUCATION 
In 2013, Stuckey et al. based on a broad analysis of the literature covering almost 50 years 
suggested a definition for the term relevance. This definition is connected to the idea of 
consequences and fulfilling personal needs, as for example found in Keller (1987), Knamiller 
(1984) and Stolz, Witteck, Marks & Eilks (2013):  

 
• “Science learning becomes relevant education whenever learning will have 

(positive) consequences for the student’s life. 
• Positive consequences can include:  

o (I) Fulfilling actual needs related to a student’s personal interest or 
educational demands (of which learners are aware), as well as  

o (II) The anticipation of future needs (of which students are not necessarily 
aware). 

• Relevance in science education covers both intrinsic and extrinsic components. 
The intrinsic dimensions encompass student’s interests and motives; the extrinsic 
dimension covers ethically justified expectations of one’s personal environment 
and the by the society in which they operate and live.-  

• Relevance can be considered to consist of three different dimensions: individual, 
societal and vocational. For science teaching this means that relevant education 
must contribute to pupils’ intellectual skill development, promote learner 
competency for current and future societal participation and address learners’ 
vocational awareness and understanding of career chances. Each of the three 
dimensions encompasses a spectrum of present and future aspects.” (Stuckey et 
al., 2013, p. 19) 

 
The analysis revealed also several aspects within the textual dimensions of the meaning of 
‘relevance’ in science education (e.g. Kahl & Harms, 1981; van Aalsvoort, 2004). 
Encompassing almost all aspects found in the literature the three dimensions were suggested 
covering:  

 
• “(I) Individual/personal relevance includes the matching the learners’ curiosity 

and interests, providing students with necessary and useful skills for coping with 
their everyday lives today and in the future, and contributes to the development of 
intellectual skills.  

• (II) Vocational/professional is composed of offering orientation for future 
professions and careers, preparation for further academic or vocational training, 
and opening up formal career chances (e.g. by having sufficient achievements to 
enter into any given higher education program of study). 

• (III) Societal relevance focuses on preparation of pupils for self-determination and 
a responsibly-led life in society by understanding the interdependence and 
interaction of science and society, developing skills for societal participation and 
competencies for contributing to society’s sustainable development.” (Stuckey et 
al., 2013, p. 18) 
 

An illustrative model was also suggested encompassing the three dimensions of relevance in 
science education: (I) individual, (II) societal, and (III) vocational relevance with each 
covering extrinsic and intrinsic components as well as a range from present to future 
relevance of learning science (Figure 1).  
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The three dimensions of the model on relevance in science education are not solitary or 
hierarchically arranged. The dimensions are overlapping and many aspects might contribute 
to more than one dimension with respect to how they are interpreted and operated. For 
example, career orientation can be part of vocational relevance, but it might match also with 
personal curiosity, or can respond to a demand for more scientists enabling prosperity for the 
society’s future. 

 

 
Figure 1. Model of relevance in science education (Stuckey et al., 2013) 

 
METHODOLOGY 
Validating the model described in Figure 1 was implemented based on focus group 
discussions with science education experts in different degrees of professionalism. The 
discussions were made with six groups: Bachelor of Science student teachers, Master of 
Education student teachers, trainee teachers, teachers, leading teachers, and science education 
researchers. ‘Leading teachers’ in this case characterizes a group of teachers having been 
involved in curriculum development, textbook writing and teacher in-service training for up to 
15 years. The group of science education researchers consisted mainly by PhD students in 
science education with limited teaching experience in schools (all in Germany). 

The discussion focused in the first phase on open associations of the participants to the term 
of relevance when it comes to science education. Debate about different understandings was 
initiated in a group discussion format. Thereafter, a definition and dimensions from the 
hermeneutical model were presented for starting a second phase of discussion. For the third 
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phase the groups had to weight or balance the different dimensions related to science 
education.  

The discussions were audiotaped and transcribed. The length of each discussion is about 30 to 
45 minutes. Evaluation was done by qualitative content analysis (Mayring, 2000). Main 
categories were formed with respect to the suggested model of the meaning of ‘relevance’ in 
science education by Stuckey et al. (2013).  

 

FINDINGS AND DISCUSSION 
In the group discussions, the student teachers and teachers became involved in different 
utilizations of the term ‘relevance’ in science education. Their utilizations were aligned with 
those found in the literature. Some groups considered an alignment with concepts such as 
interest or motivation, while others with needs matching and consequences. Overall, in none 
of the groups there was any clear and unanimous understanding of the word ‘relevance’ and 
how to use it in the context of science education. After presenting the suggested definition, the 
concept was considered to be concise, although in some groups the previous understanding of 
connecting relevance mainly to the individual dimension and intrinsic aspects hindered a 
spontaneous understanding of the vocational and societal dimension within the definition. At 
this point, the more mature teachers and especially the leading teachers were better able to 
adopt the broader view on the meaning of relevance intuitively and to freely comment on it. In 
the end, all the groups reached the point that needs matching and having consequences would 
be more appropriate concepts for the meaning of relevance in science education than just 
meeting interest or initiating the perception of meaningfulness only. 

All the three dimensions described above were mentioned (in different strengths) by the 
participants in most of the discussion groups. All the groups came up with many aspects to be 
found in the three dimensions of the relevance model. The model seems to be comprehensive; 
no further aspects were suggested to be added. Anyhow, it was always the individual 
dimension that was mentioned first and mostly emphasized. In all groups, especially among 
the student teachers, the strongest emphasis from the beginning was addicted to the individual 
dimension of relevance and kept until the very end of the discussion (Table 1). Among the 
BSc student teachers reference to the societal and vocational dimensions was almost non-
existing without giving them external impulses. The more mature the teachers were the more 
aspects from the vocational and societal dimensions were suggested in the first phase of the 
group discussions, especially among the leading teachers. Among these groups more balanced 
discussions of the three dimensions were kept until the very end.  

Table 1. 
 Indications of the different dimensions during the open phase of the focus group discussions 

Dimension Indications (of all groups) 
 
Individual 

 
43 

 
Societal 
 

 
15 

 
Vocational 

 
11 
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After presentation of the three relevance dimensions in the suggested model, all the three 
dimensions were unanimously agreed to be important in all groups. After the societal 
component was mentioned its importance was agreed upon, however the right emphasis and 
place in the curriculum was under debate. In many phases of the discussion the societal 
dimension was suggested coming up quite late, near to the end of secondary schooling, since 
aspects of learning for societal participation was considered to be extremely difficult to teach 
and to learn. Here the view of the societal dimension of science education was reduced to the 
learning of how to behave in a society at large. Learning how to find one’s own place and 
how to behave in one’s personal societal surrounding was not considered as a societal focus in 
science education. Based on that the various groups also discussed that differentiating 
between the dimensions is not always easy and that overlaps and interrelations between them 
exist. Nevertheless the groups unanimously agreed that the societal dimension in many 
science curricular is the most neglected one and the most difficult to come up with for a 
science teacher. The groups see a need to strengthen the societal dimension. 

In all groups the question of balancing the different dimensions was discussed. Discussion 
suggested taking a view into account to consider age and interests of the students when 
balancing the three dimensions, as it was already suggested by Newton (1988b) for balancing 
between the individual and societal dimension. In all interviews the participants claimed that 
if they have to weight these dimension the most important one for the younger students should 
be the individual dimension (to make them curious and manage everyday-life questions). The 
vocational dimension was mentioned becoming important later for students’ career. All the 
groups discussed about a balance between the different dimensions, of which the societal 
dimension might be placed between the other two dimensions. Also here it became clear that 
the societal dimension was the domain in which student teachers and teachers were most 
unsettled with and insecure where and how to operate it. In the end most groups reached a 
point that the individual dimension is very important for younger students while the 
recognizing the societal and vocational dimension should increase during the students’ school 
career (Figure 2).  

 

 
Figure 2. Emphasis of the three dimensions of relevance inspired by a figure from Newton 

(1988b).  
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CONCLUSIONS AND IMPLICATIONS 
The term ‘relevance’ is one of the most often used terms when it comes to reform in science 
education. This paper summarizes a suggestion for a definition of ‘relevance’ in science 
education and provides a model for its understanding that both were derived from a broad 
analysis of the science education literature form almost the last 50 years (Stuckey et al., 
2013).  

Inthe focus groups study the definition and model were discussed with science teachers and 
student teachers of different degree of professionalism. The definition and model proved to 
cover almost all of the participants’ spontaneous associations regarding the term ‘relevance’. 
It should be noted that in general none of the aspects related to relevance were overlooked, 
nor were there any aspects in the group discussions that were not represented in the definition 
of relevance and regarding the suggested and the model.  

The analysis of the focus group discussions showed that the individual/personal dimension of 
relevant science education is considered by a vast majority of teachers and student teachers to 
be the most intuitive one compared to the societal and vocational dimension. The student 
teachers and practicing teachers’ initial consideration is that the individual dimension should 
have a high priority for students to make them curious and skillful for coping everyday-life 
questions. However, the teachers and student teachers perceived the societal and vocational 
dimensions will become important in a later stage of students' career. Among all the three 
dimensions the teachers perceived that the societal dimensions is the most neglected one and 
the most difficult aspect to be incorporated in science education. For several years, the 
approach of ‘socio-scientific issue-based’ science teaching offers an opportunity to extend the 
social dimension and its applications for science classroom teaching (Bodzin & Mamlok, 
2000; Sadler, 2004). Within authentic and controversial socio-scientific issues and debates 
from current social affairs should be implemented to promote interest and motivation among 
students (Marks & Eilks, 2009). 

In teachers’ discussion about relevance in science education, the student teachers and 
especially the teachers suggested that such kind of a model of the meaning of relevance in 
science education can be a beneficial tool to reflect on their curriculum, textbooks, or teaching 
practices. It became clear that such a model can help to reflect the role and emphasis of the 
frequently more neglected societal and vocational dimensions in science education. Maybe it 
is helpful to take up the model of relevance in pre- and in service science teacher education 
and support the teachers finding an approach for implementing all the three perspectives into 
their science curriculum in a more balanced way. To sum-up more research is needed to 
explore the issue of relevance especially in an era in which scientific literacy for all becomes 
one of the most important goals related to science teaching and learning. 
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Abstract: In this paper we relate an empirical research on the epistemic development of 

secondary students involved in a digital epistemic game about sustainable development. The 

study addresses the question of epistemic development of secondary students according to a 

four dimensional model of personal epistemology.  The study focuses on the dimension 

termed simplicity, which relates to the nature of knowledge and expresses the degree to which 

knowledge is an isolated fact or is more integrated to other knowledge. The methodology of 

our research is design-based. Researchers and teachers collaborate, within an iterative 

process, to design and analyze the results obtained with Clim@ction, a role playing game. 

Clim@ction enables French and Canadian secondary students to face a complex and non-

deterministic situation about the implementation of “green” energies into their local area. The 

data collected demonstrate that a majority of students develop a broader view of sustainable 

development and manage to grasp the complexity of the issue. 

Keywords: digital epistemic game, personal epistemology, epistemic development, 

sustainable development 

 

INTRODUCTION 

Many voices have advocated for a shift in education from a teacher centered approach to 

learner centered pedagogies (Barr & Tagg, 1995). One of the challenges that educators have 

to face is to renew training to better prepare students to become XXI
st
 century citizens. 

Indeed, nowadays, people are often exposed to socio-scientific issues for which no simple 

solution can be proposed. This is a consequence in the XX
th

, the relation between science and 

society has led to a crisis about problems where science cannot provide definitive solutions or, 

worst, is considered to be the cause. Morin (2000) proposed this new situation to be taken into 

account by contemporary education. According to Morin, this situation is a consequence of 

modern times way of thinking that separates scientific disciplines and divides fields of 

knowledge. However, nowadays, school has also to prepare students to deal with complexity 

and with evolving and strongly interrelated and controversial information. In particular, XXI
st
 

century citizens should be able to grasp the multidimensionality of contemporary problems. 

Within this scope, digital epistemic games (Sanchez et al., 2012) provide an opportunity for 

designing authentic and learning situations where students have to face ill-structured problems 

(King & Kitchener, 1994). Therefore game-based learning appears to be an alternative 

pedagogy both adapted to new learners and to the stakes of contemporary education. 
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This paper is based on an empirical research carried out in France and Canada for “Jouer pour 

apprendre en ligne
1
”, a project funded by the Social Sciences and Humanities Research 

Council of Canada.  We (1) describe the theoretical background of the research which relates 

to the use of digital epistemic games for the development of students personal epistemology, 

(2) describe the design-based methodology and the game played by the students and (3) 

discuss the results of the study for one dimension of the personal epistemology. 

 

BACKGROUND, FRAMEWORK AND PURPOSE 

Personal epistemology 

In our work, the term ill-structured problem (King & Kitchener, 1994) relates to a situation 

that is non-determinist. The ability to deal with ill-structured problems is partially related to 

the relationship that an individual has with knowledge and his beliefs about it (Jonassen, 

2000). More precisely the way an individual considers the nature of knowledge and the nature 

of knowing will influence the way he manages ill-structured problems (King & Kitchener, 

1994). This particular type of beliefs has been modeled in developmental psychology with the 

concept of personal epistemology (Hofer & Pintrich, 1997).   

According to a four dimensional model of personal epistemology (Ibid.), epistemological 

beliefs are characterized by the nature of knowledge and the process of knowing (fig. 1). The 

nature of knowledge relates to the degree of (1) certainty accorded to knowledge and its (2) 

simplicity in terms of integration with other concepts.  The process of knowing relates to (3) 

source of knowledge and how (4) justification is provided. In this paper, we will focus on the 

dimension termed simplicity for sustainable development education. This dimension 

expresses the degree to which knowledge is an isolated fact or is more integrated to other 

knowledge. Because of this particular characteristic, this dimension is strongly related to 

Morin's definition of complexity. Our goal is to assess the evolution of the capacity of learner 

to recognize that the solutions adopted for land use management should take into account a 

broad set of considerations that relate to environmental, social and economic issues (the three 

pillars of sustainable development).  

 

Figure 1. A four dimensional model of personal epistemology (Hofer & Pintrich, 1997). 

Digital epistemic games 

Following Shaffer (2006), we use the term digital epistemic game to name playful situations 

designed with digital technologies that intend to foster epistemic interactions, ie. explanatory 

                                                             
1 Playing for online learning 

Strand 8 Scientific literacy and socio scientific issues

1333



and argumentative interactions that play a role in the co-construction of scientific knowledge 

(Ohlsson, 1995). A digital epistemic game is a tridimensional space (Sanchez, 2013): (1) a 

simulation or a metaphor of a real context where students have to cope with a context close to 

reality, (2) a space of reflexivity where autonomous students have the freedom to take 

decisions and can assess the consequences of their choices and (3) a space of creativity where 

they can imagine innovative solutions to the addressed problems.  Digital epistemic games are 

linked to the issue of epistemic development of students as they offer students the opportunity 

to design innovative solutions for coping with complex and authentic situations, solving ill-

structured problems, in a space of reflexivity which allows mistakes and recognize success. 

Research question 

In this paper we discuss the impact of a digital epistemic game on the dimension simplicity of 

the personal epistemology of students: their capacity to evaluate to which extends a particular 

knowledge is an isolated fact or is more integrated to other knowledge. 

 

METHODOLOGY 

Design-based research 

The research methodology consists in a Design-Based Research approach (Barab & Squire, 

2004; Wang & Hannafin, 2005). This methodology combines the design of a digital epistemic 

game (Clim@ction) and the analysis of its impact on the learning process. This analysis is 

based on the confrontation of the a priori analysis of a digital epistemic game and the results 

of its implementation in a regular classroom. The methodology is iterative and involves a 

strong cooperation between researchers and secondary teachers. The teachers are co-

participants for the design of the game and its implementation in the classroom. They are also 

involved in the data analysis and in the discussion of the results. Different focus groups 

enable to discuss the choices made for the design according to what happened in the 

classroom. These choices are discussed in respect to the data collected (1) during classroom 

observations, (2) from tracks of students‟ interactions on a digital platform, and (3) students‟ 

focus groups. We intend to produce both pragmatic and theoretical results that account for, 

and potentially impact learning, in a naturalistic setting (Barab & Squire, 2004). 

Clim@ction 

A three year project permitted to design three versions of Clim@ction, an online multiplayer 

game about land-use management and sustainable development adapted to secondary students 

(15-16 years old). During eight weeks, French and Canadian students collaborate for 

designing a project for local energy production and implementation. In this role play game 

(Table 1.), “international companies” specialized in green energy compete to convince “local 

authorities” and an “association of citizens” that they have the best project for energy 

producing. The students use an online platform to collaborate and to find better ways for 

producing and using energy in their cities. The online platform allows the students to get 

information, to ask questions to experts (a role played by teachers), to compete and to 

cooperate with peers. During face-to-face sessions, they present their projects and provide 

arguments or answers to criticisms from the other participants. The students also carry out 

fieldwork using augmented reality in order to test the relevance of the proposed solutions on 
the field. Mixing simulation and reality aims at designing an authentic and complex learning 

situation in which students have to deal with environmental, social and economic issues. 
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Table 1. Description of Clim@ction 

1. The students use an online platform to get information regarding the availability of the 

energy sources (wood, water or wind), the place where energy is consumed (residential area, 

industry...) and constraints related to land use management. They identify challenges and 

opportunities for implementing green energies. They also get an idea of the difficulties that 

will be faced in terms of economic societal and environmental impacts of the adopted 

solutions and in terms of differences within the different territories. Therefore, all the 

different, useful information regarding energy and land-use management is available in the 

platform. It is authentic because the data is mainly provided by real experts of local 

administrations and adapted by teachers to the level of students. 
 

2. The students design a pre-project. To help students to facilitate meetings, organizing 
collaboration, obtaining grants that will lower their budget or to provide assistance upon 

request, a firm of “experts”, including teachers, is in place and accessible with a forum. 
 

3. During face-to-face sessions, the students present their preliminary projects and provide 

arguments or answers to criticisms from the “local authorities”, the “critical citizens” or from 

the other “companies”.  
 

4. After the face-to-face presentations, the students re-design their projects according to the 

feedback that they get. They try to take into account the dimensions (mainly economic or 

societal) that have been proposed for the design of the pre-projects. In addition, the “local 

authorities” and the “citizens” verify the coherence of the different projects by gathering data 

on the field. Thus, they use an augmented reality game which enables to get information 

provided by short videos from the different projects in different places in the city and they can 

evaluate their impact on the field. 
 

5. A final vote (open to all school‟s students) permits a decision to be made about the choice 

of the project considered as the best in terms of environmental, economic and social impacts. 

This project can combine the proposals of different “companies”.  
 

Data collected 

This three years project is held with a sample composed of students in the first year of upper 

secondary school in France and Québec (119 15/16 years-old students for the last year). The 

quantitative and qualitative data collected encompass (1) the messages (379) posted by the 

students in the platform, (2) the videotaping of the students during the presentation of projects 

and (3) the recording of students during five focus groups dedicated to a discussion about the 

game and the nature of scientific knowledge. The data were annotated and tagged according 

to a three levels scale for each dimension of personal epistemology. The triangulation 

(Mucchielli, 2004) of the different data during focus groups carried out with teachers enables 

for assessing their liability. 

 

RESULTS AND DISCUSSION 

The data recorded mainly relates to the simplicity dimension of personal epistemology. The 

other dimensions of model are not discussed here. We used a three levels scale for the coding 
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of data collected in the forum. Some students expressed ideas coded with level 1. Sustainable 

development is considered to be limited to its ecological aspects: “What we really want is to 

stop deforestation”. The messages coded level 2 expressed a broader point of view that 

includes the economic dimension: „The goal of our company is to produce wood in large 

quantities in order to save the planet and for the lowest price!”. The ideas formulated by the 

students that involved another pillar of sustainable development, the societal dimension, were 

coded level 3: “I have some ideas (reduction of 15% unemployment in the region, total 

contaminated area of 300 000 m2 by the company and everything associated with it 

(transport, etc.), economic benefits to the region more million per year”. 

The data collected on the platform (fig. 2) demonstrate that, at the beginning of the game, the 

students consider sustainable development mainly and very often only from an ecological 

point of view. As a result, the names of the companies are chosen according to this point of 

view: “Eco  People Power” or “eCology” or “Eco People”. Moreover, at this step, the 

students‟ messages on the platform express strong ideas about the importance of taking into 

account the environmental aspects of the issue: “We must stop deforestation because we have 

enough industry and we need nothing more” or “We are a group of citizens defending 

everything that is green”. Later on, there is an evolution of the ideas expressed by the 

students. Throughout the game, they become able to provide arguments that take into account 

a broader vision of sustainable development. Some messages include the economic dimension 

“The goal of our company is to produce wood in large quantities in order to save the planet 

and for the lowest price!” or, both the societal and economic dimensions: “I have some ideas 

(reduction of 15% unemployment in the region, total contaminated area of 300 000 m2 by the 

company and everything associated with it (transport, etc.), economic benefits to the region 

more million per year”. 

 

 

 

 

Level 1. Knowledge not 

contextualized 

Level 2. Ecology linked to 

social or economic 

considerations 
Level 3. Contextualized 

Knowledge 

Figure 2. Forum analysis 

 

The evolution of the ideas expressed by students was confirmed by the data collected during 

the final presentations of the projects (fig. 3) and during the focus groups that held two 

months after the end of the game.  At this step of the game, the students express ideas about 

the social and economic dimensions for the projects. These data support a conclusion that 

there are links between the choice made for the design of the game (authenticity and 

complexity of the situation) and the fact that students changed their point of view regarding 

the nature of sustainable development. This change mainly relates to the dimension simplicity 

of personal epistemology: knowledge regarding sustainable development is recognized to be 

interrelated and integrated. 
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Level 1. Knowledge not contextualized 

Level 2. Ecology linked to social or 

economic considerations 

Level 3. Contextualized Knowledge 

Figure. 3: Students final presentations & Focus groups 

 

There is a strong convergence of the data which enables stating that, by playing with 

Clim@ction and facing complex and authentic problems, the students developed a broader 

vision of what is sustainable development. However, there is no evidence for saying that this 

higher epistemological level has been developed for scientific knowledge in general. 

 

CONCLUSION AND IMPLICATIONS 

The results of this empirical work advocate for the relevance of a Game-Based Learning 

approach for sustainable development education. The game helps the students to develop a 

broader view of the subject and to grasp the complexity of such an issue.  

It is possible to identify links between the design of the game and its impact on the personal 

epistemology of students. More precisely, some particular situations of the game (i.e. 

presentation of the project by “companies”) have an impact on students‟ personal 

epistemology whereas others situations tend to foster strategies based on advertisement and, 

therefore, on a reductionist view of the issue. 

In addition, our results tend to establish that the epistemology embedded in the game is 

widely accepted and appreciated by most (but not all) of the students (because it is “close to 

real life”). Despite the situation of learning provided by the game being very different from a 

more conventional school learning situation-many students confessed having felt insecure at 

the beginning of the game-  the great motivational dimension of the game allowed them to 

pass this obstacle and to get involved. Digital epistemic games offer such an opportunity to 

design a learning situation where students have to face the complexity of socio-scientific 

issues and to benefit from the security offered by a game which minimizes the consequences 

of the decisions taken. 
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Abstract: This study reports on how a socio-scientific issue (SSI) is enacted in a college-level 

environment using a discourse-analytical approach guided by an ethnographic perspective. An 

introductory course in biotechnology was studied in situ: video data were collected from the course 

sessions, i.e., lectures, small group supervision sessions, and student presentations, dealing with 

genetically modified crops and food. While SSIs are often associated with the need for scientific 

literacy to foster informed decisions involving “rational thought and discourse,” this study 

demonstrates that, in practice, in the studied context, SSIs primarily concern the use of scientific 

language to privilege professional understandings of genetically modified organisms. Language used 

by the participants fashion the identities of the opponents as irrational. The identities of bioscientists 

were constructed to be knowledgeable and capable of doing precise and extreme experiments. The 

sign system, or knowledge system privileged over other ways of knowing is bioscientific knowledge 

and method. What is communicated as “good” is coupled to properties of the plant created through 

biotechnology and the problems it solves, whereas the solution of the problems in the 3rd world 

countries is restricted by opposition by the public and environmentalists. This gave rise to an 

expression of a Discourse model: the introduction of “robust”, “nutritious” and “good for the 

environment” GMO is impaired by “reluctant consumers” and “regulations”. During the course 

certain positive properties and qualities such as accuracy and efficiency are attributed by the 

participants to scientific practices and claims, and the case for biotechnology is established in 

response to objections and criticism originating from other competing authorities such as 

environmental groups and health organizations.  

Keywords: discourse analysis, socioscientific issue, biotechnology, GM food   

  

BACKGROUND  

One of today‘s most controversial biotechnology policy issues involves the development and 

consumption of GM foods (Legge Jr. & Durant, 2010). Swedish scientists addressed an open letter to 

politicians and environmentalists that encouraged a revision of European legislation based on 

scientific assessments of GM technology, more than 400 scientists from Europe have endorsed the 

Swedish letter (Moloney & et al., 2012). The consensus that seems to have emerged in the 

bioscientific community differs from the view of the general public (Eastwood, Schlegel, & Cook, 

2011). Scientists and bureaucrats are well aware of current worries about the consequences of 

biotechnology research. However, there is still considerable controversy about where the points of 

contention lie and who should address them (Gisler & Kurath, 2011). How debates about science 

manifest themselves in teaching and learning situations have not been thoroughly studied. The 

dominant approach to empirical research into SSIs in the classroom setting typically relies on reports 

from curricular units designed by researchers belonging to the “SSI framework” (Zeidler, Sadler, 

Simmons, and Howes, 2005). There has recently been a call for more in situ research into the 

epistemic practices of science education (Kelly, McDonald, & Wickman, 2012). The methodological 

orientation is to investigate through the study of social interaction how students become part of the 

cultural practices that constitute membership in a biotechnological community when  
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SSIs are discussed. Discourse analysis, when guided by an ethnographic perspective, forms a 

basis for identifying what members of a social group need to know, produce, predict, 

interpret, and evaluate in a given setting or social group to participate appropriately and, 

through that participation, learn (Gee & Green, 1998). This paper reports on a study that 

examined how bioscientific practices were characterized and used as a resource when the 

controversy over GM food was addressed in an introductory biotechnology course.   

THEORETICAL FRAMEWORK 

Scientific Discourse 
This study is concerned with science education as a socializing institution (Östman, 1996). 

Education in science is thought of as contributing to a process in which novices are initiated 

into a community of practice (Lave & Wenger, 1989). Our perspective is similar to that of 

ethnographers of science (Knorr-Cetina, 1999; Latour, 1987) who, through studying everyday 

activities in particular local settings, identify the shared cultural practices that constitute doing 

science. Becoming a scientist involves coming to see the world in particular ways (Kelly et 

al., 1998): it involves ―coming to understand how to articulate an appropriate argument given 

certain contexts; and coming to know how to present oneself and one‘s data in socially and 

scientifically appropriate ways‖ (Kelly et al., 1998). Through studying social interaction, 

ethnographers of science seek to identify the cultural practices that constitute membership in a 

scientific community. Members of a scientific field construct a culture particular to their 

community that both identifies them as members and distinguishes them from others. 

Lemke‘s (2001) sociocultural perspective regards science education as a subculture allied to 

or in conflict with other subcultures. If science education is seen as socialization into the 

practices and conventions of the scientific community (Lemke, 2001), then language must be 

central to the socializing process as a resource for shared meaning making (Gee, 2008; 

Halliday & Martin, 1993). Discourse is understood as ways of behaving, interacting, valuing, 

thinking, believing, speaking, and often reading and writing that are accepted by specific 

groups, as described by Gee (2005). Discourse incorporates a taken-for-granted set of 

theories, or discourse models, as to what counts as ―right.‖  

 

Ethnographic Perspective on Discourse Analysis  
The style of language people use functions in their current contexts, both in terms of the 

realities of those contexts and in terms of how people construe their contexts (Gee, Allen, & 

Clinton, 2001). According to the theoretical perspective on discourse and language underlying 

this study, key dimensions of language as social action constitute the basis of an ethnographic 

approach to discourse analysis (Gee & Green, 1998): 

Situated meaning is the picture or pattern we assemble in a given context based on the context 

and our earlier experiences. There are no decontextualized meanings, fixed in individual 

minds; instead, meanings are negotiated between people through social interaction (Billig, 

1996; Goodwin, 1994). Meanings have meaning only relative to speakers‘ and writers‘ 

choices and to listeners‘ and readers‘ interpretations of other words and assumptions about 

contexts. Discourse models are theories shared by people belonging to a specific social or 

cultural group. Discourse models are not fixed, as they can be modified, expanded, and 

revised by the group members as they interact over time and from event to event. Discourse 

models serve to set up what count as central, typical cases. We are usually unaware of using 

these Discourse models and of their implications. The assumptions they embody about the 

distribution of social goods appear to us natural and obvious, inevitable and even appropriate. 
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The Discourse models of various social and cultural groups always involve competing notions 

of what counts as an acceptable or valuable person or deed. The discourse analyst‘s task is to 

construct representations of cultural models through analyzing people‘s actions over time and 

from event to event (Gee, 2008). The ethnographic perspective entails analyzing the choices 

of words and actions that members of a group use to engage with each other across various 

times, actions, and activities. Discourse analysis when guided by an ethnographic perspective 

constitutes a basis for identifying what members of a social group need to know, produce, 

predict, interpret, and evaluate in a given setting or social group in order to participate 

appropriately and, through that participation, learn (i.e., acquire and construct the cultural 

knowledge of the group). An ethnographic perspective therefore provides a conceptual 

approach for analyzing discourse data from an insider‘s perspective and for examining how 

discourse shapes both what is available to be learned and what is learned. 

DATA COLLECTION AND ANALYSIS 

Context of the Study 
The study was performed during the first semester of a five-year program in biotechnology 

at a Swedish technological university (September – December 2009). The course 

introductory technical biology was particularly relevant for this study as it includes 

personal, professional, and political decision making. Although several subjects taught in the 

course belong to what is often termed socioscientific issues, the teachers involved are not 

part of the SSI movement. They are unlikely even to have heard the term since they are 

not part of the science education research community. The students participating have 

just graduated from gymnasiet (12 years of schooling) with a focus on science and 

mathematics the last three years. The biotechnology program has high application rates, and 

the students‘ grades are good. The course aims at giving the students an insight into various 

areas of biotechnology by teaching the students how to gather information from different 

biotechnological sources and how to write a report that uses this information. The first part 

of the course consists of lectures on diverse aspects of b io technology such as  e th ics  

and sustainabi l i t y and research areas such as tissue engineering, pharmaceutical 

applications, and the production of genetically modified organisms, GMO. In the second 

part, the students chose a topic within biotechnology and work in small groups to produce 

a written report and an oral presentation to supervisors and peers. Two groups (a total of 

ten students) chose to work with GMO and were supervised by the same professor who 

gave the lectures on the subject. Although the supervisor suggested the themes for the 

report, the students were allowed to pursue their own interests. One group worked with 

GMO in third world countries; the other group started off working on healthy GMO-

products but ended up writing more about the GMO controversy. The students met the 

supervisor four times over six weeks. In the first meeting, the students were provided with 

some guidance about the format of the report and the literature. In the two following 

meetings, students had searched for information and literature online, and these findings 

were discussed. The fourth meeting focused on how to write the report. The technological 

discussion was based on knowledge of the soil bacterium Bacillus thuringiensis, which has 

genes that expresses a protein (cry-toxin) toxic to certain insect pests. These genes are cut 

from the bacterium‘s genome and inserted into plants, including soybeans, potatoes, and the 

most intensively sprayed crop of all, cotton. In this way, the plant is able to produce the cry-

toxin, effectively producing its own insecticide. Every cell of the modified plant makes its 

own pesticide, a chemical protein harmless to most insects and to humans, whose bodies 

rapidly break it down, but lethal to the targeted insects.  
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Data Collection 
All the lectures in the course were observed (600 min) to understand the context of the 

course, although the parts of the course dealing with GMO were focused. Two lectures (2 

x 45 min) and the supervision meetings of the two groups of students (225 min) 

working with GMOs were video- recorded. The video recordings made it possible to 

examine – collaboratively and in detail how opposition to GMO was characterized and 

opposing arguments were evaluated. The students written reports about GMO were 

collected.  

 

Table 1 An overview of the data collected in the course 

Part of course Data Length 

Lectures Observations Field notes 600 min 

Lectures GMO Videodata Transcripts 2*45 min 

Supervision GMO Videodata Transcripts 225 min 

Presentation GMO Videodata Transcripts 2*15 min 

Examination 

 

(10 students) 

2 Written reports Group 1: 3008 words 

 

Group 2: 7752 words 

 

This amount of material can be analyzed in an infinite number of ways. The participants 

engaged in themes such as ―argumentation in favor of GMO,‖ ―scientific argumentation,‖ 

―discussing the writing of the report‖. One theme recurring throughout the texts from the 

lectures, supervision sessions, and student reports was ―science used to respond to criticism of 

GMOs.‖ In the case of two transcripts, I have chosen to add drawings, reconstructing the 

excerpts as ―cartoons‖ to better represent the events with respect to gestures and the spatial 

arrangements of bodies (Ivarsson, 2010). 

The data analyzed come from one group of students on two occasions: 1) the students‘ 

presentation and 2) a supervision session of their work on Bt crops. The theme is the students‘ 

summary of the pros and cons of GM food and an answer to a fellow student‘s question about 

the health effects of GMOs. The supervision texts come from one session when the professor 

was giving feedback on the students‘ work in progress; he addressed Bt crops, i.e., crops that 

contain genes from a bacterium (Bt) that produces a protein toxic to insect pests. Before data 

collection, the course leader gave the first author permission to observe the lectures. The 

professor giving the lecture and supervising the students was informed in writing and in a 

meeting with the authors that the focus of the research was how students learn to discuss 

GMO at the university, and conceded to be videotaped and participate in the study. The 

students who participated in the GMO projects were informed about the research project and 

notified that participation in the study was voluntary, and that they would remain 

anonymous. They all agreed to be videotaped and signed a letter of consent, informed that 

they at any time during the project were free to withdraw from the research project.  

The discourse analytical approach was based on Gee´s (2005) understanding of language as a 
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tool, used alongside other tools, to help listeners or readers build areas of ―reality.‖ 

Whenever the participants speak or write, they always and simultaneously construct or build 

areas of ―reality‖. Gee call them the ―building tasks of language‖ (2005). It was analyzed 

how the participants make things significant in certain ways and how language was used 

to render certain things connected or relevant to other things. 

The analysis of each particular transcript focused on one or several of the following 

building tasks: 

1. The activity or activities this piece of language is being used to enact. 

2. The identity or identities this piece of language is being used to enact. 

3. The sort of relationships this piece of language is seeking to enact with others. 

4. Politics: What is being communicated to be ―normal‖, ‖right‖, ‖good‖, 

‖correct‖. 

5. The specific sign system, or how different ways of knowing and believing this piece 

of language privileges or dis-privileges. 

While not all building tasks will be readily apparent in all pieces of data, I always asked 

questions about each one to see what we got.  

FINDINGS 

1. Expression of Discourse model in students’ presentation 

Students finished the course by presenting their group‘s work to instructors, tutors, and fellow 

students. The group working on ―GMOs in the Third World‖ briefly presented the problems 

associated with crop cultivation in South Africa, and examined whether and how GM crops 

could remedy them. They ended their presentation by summarizing the benefits and 

disadvantages of introducing GMOs into South Africa, excerpts in Figure 1. 

 
1  Increased productivity to get more food 

2a it can be done by making the plants robust 

2b and withstand cold and drought and disease 

3a so as to prevent starvation 

3b we can make plants that are more nutritious 

3c so, we prevent malnutrition, vitamin A deficiency, for instance 

4 These Bt crops also protect themselves 

5a It is also good because you do not need to spray them 

5b and it is good for health and the environment 

6 and GM technology is more efficient than traditional methods 

 
7a The disadvantages are 

7b that it is difficult to get GMO products sold 

7c because consumers are reluctant 

8a and that in turn also impedes trade 

8b right now because there are so many regulations 

9a it is more expensive than traditional 

9b but with a simpler framework 

9c there is hope that it will be much cheaper and easier 

10a and there are no major differences in the health risks 

10b to the traditional methods  

 

Figure 1 Excerpt advantages and disadvantages of GMO presented by students 

 

The student summary of their interpretation of the arguments can be seen as expressing a 

Discourse model: the introduction of ―robust‖ (line 2a), ―nutritious‖ (3b), and ―good for … 
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the environment‖ (5b); moreover, GMOs are impaired by ―consumers [who] are reluctant‖ 

(7c) and ―regulations‖ (8b). What is communicated as ―good‖ is coupled to the plant 

properties created through biotechnology and the problems it solves: various types of plant 

stress (2b), malnutrition (3c), and poisonous spraying (5a). From this perspective, ―consumers 

[who] are reluctant‖ and ―so many regulations‖ are presented as ―bad‖ since they result in 

expensive food and difficulties trading. An alternative understanding of the reluctant 

consumer would recognize and support citizens‘ active participation in a problem that is of 

interest to them. The only possible disadvantages mentioned by the students as associated 

with GMOs, apart from their being expensive, are health problems. Problems regarding global 

issues, patents, and environmental risks are frequently cited by opponents of GMOs (Marris, 

2001), but are rendered irrelevant in this biotechnological context by not being mentioned.In 

analyzing the following excerpts, the use of science to respond to questions about and 

criticism of GMOs will be considered. 

 

2. Science used to respond to questions and criticism 

During the students presentation a student in the audience asks a question about health 

concerns related to GMOs. The student raised an issue often cited by GM opponents, namely, 

that eating these plants might induce allergies, possibly harming human health. The question 

posed is whether any research has examined the possible health effects of GMOs and whether 

it is acceptable to buy them in relation to health/allergies. One student in the group answered 

the question, as illustrated in Figure 2. 

 

 

Figure 2 Responding to question about possible health effects of GMOs 

 

The student chose to respond, ―We have not encountered any studies‖ (1). When Bt crops 

were discussed in the supervision session a few days before the presentation, a study was 

cited that indicated some problems in rats; this study was rebutted by the professor. The 

student answer thus actually says that they have not found any studies authorized by the 

professor. Instead, the group chooses to shift focus to the public‘s assumed anxiety believed 

to be based on ignorance of what really happens in Bt crops. The public is perceived as 

―worried about Bt products‖ (2); in fact, they just need to ―hear the word ‗poison‘ ‖ (3) to 

become worried. When the student uttered the word ―poison,‖ he simultaneously make 

quotation mark gestures with his hands and fingers to indicate that ―poison‖ is not to be 

understood literally in this discourse. This serves to make the distinction that the substance is 

poisonous only to certain insects but not, for example, to humans. The words chosen to 

describe the genetic modification technique indicate that Bt plants are created with precision: 

a certain gene produces a certain protein that specific insects do not like. 

Resistance is linked to known risks, such as allergies, valid knowledge of which belongs to 

the natural sciences and is deemed relevant by the scientific research community (Wynne, 

2002). What Wynne describes as unpredictable problems or questions of politics are not 
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mentioned by the presenters or audience. People who are not that familiar with the 

argumentation surrounding GMOs may get the impression that they elicit no relevant critical 

arguments referring, for example, to global justice, patents, health, and environmental risks. 

These criticisms are frequently leveled by opponents of GMOs, but in this biotechnological 

context, these arguments are made irrelevant by not being mentioned. It is proposed that the 

major reason for opposition is that people are afraid of genetic modification because they 

perceive the protein associated with Bt as poison.  

 

Before the presentation and before submitting the report, the group members met with their 

supervisor. The professor sat with a computer in front of him, viewing the students‘ report 

submitted for comments, addressing what was written about Bt plants and their alleged risks 

(Figure 3). Bt plants contain genes inserted from the soil bacterium Bacillus thuringiensis, 

which expresses a protein (cry-toxin) that is toxic to certain insect pests. The criticism of Bt 

plants addressed here is related to 1) environmental issues, i.e., that insects can develop 

resistance to the toxin and that the plant can kill insects other than the intended pests, and 2) 

health issues, i.e., a study of rats that found increased mortality with exposure to Bt plants.  

 

Professor: 

1 “that it produces the toxin” [reads from the report] 

2 “one cannot call it a toxin, it is a protein” [reads further in the 

report] 

3 Here, here this is of course something that you have got from somewhere 

else. 

Student 1: 

4 Okay 

Professor: 

5a It is typical also 

5b I totally understand why you have written it 

5c it is not that it is 

Student 1: 

6a Yes, I found in several different sources that it affects the corn 

6b and so it received much criticism for the=* 

Professor: 

7a =yes, and it and the criticism come from the same groups again and 

7b there is not so much science in it. 

8 They’ve tested this a lot 

Student 1: 

9 Okay 

* = is interrupted 

 

Figure 3 Addressing reported criticism in the students’ report 

 

The first objection has to do with students writing ―produces the toxin‖ (line 1). In this 

discourse, ―one cannot call it a toxin, it is a protein‖ (line 2). Calling it a toxin is part of the 

environmental movement‘s discourse, as calling it a toxin makes it seem more dangerous. If 

one calls it a protein, which is what the Bt gene is expressing, it need not be toxic. It depends 

on what eats it. Students are taught that word choice is important, and they demonstrated that 

they absorbed this knowledge in the presentation, as quoted in stanza 4. The professor 

questions the claim that the plant produces a toxin and claims that the student must have 

found the statement ―somewhere else‖ (line 3). ―Somewhere else‖ seems to refer to sources 

outside science, sources not to be quoted as evidence in this course. 

In the report, the student referred to criticism of Bt crops, which she found in ―several 

different sources‖ (line 6a): the crops had ―received much criticism‖ (line 6b), which justified 

mentioning the criticism in the report. She is not given the space to develop ―so it received 
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much criticism for the=,‖ as she is interrupted and a counter-argument is launched. This 

rhetorical tactic discredited other, competing reports and data that supported different versions 

of the situation. The counter-argument is a response to criticism from environmentalists, ―the 

same groups again‖ (line 7a). Environmentalists were discussed repeatedly during the course 

and their argumentation scrutinized as reported previously by Solli et al (2013) It was 

established earlier that ―there is not much science in it‖ (line 7b), as ―they‘ve tested this a lot‖ 

(line 8). One counter-argument used by the professor is comparing the traditional use of 

insecticides with the bio-technological approach in which plants produce their own insecticide 

as seen in Figure 4. 

 

1)     2)      3) 

Figure 4 Comparing environmentalism with science  

 

It is claimed that ―they‖ (i.e., the environmental movement) ―don‘t care if Bt is sprayed as 

insecticide when it is spread over giant fields.‖ Using gestures, the professor shows how 

widely the Bt is spread by extending his hands to indicate the gigantic extent. He contrasts 

this to when the gene for Bt is ―sitting there in a small leaf somewhere,‖ when they ―worry 

about everything.‖ The word ―small leaf‖ is accompanied by a pincer grasp gesture for 

emphasis. The relationship between the traditional approach in which Bt is sprayed on the 

fields and the biotechnological approach in which every plant cell expresses the Bt gene is 

cited to illustrate the irrationality of supporting the former while opposing the latter.  

 

DISCUSSION 

While demonstrating the utility of discourse analysis for understanding learning in this 

context, the point of the analysis has been to offer insights into ways that argumentation 

concerning a controversial issue, i.e., the production and consumption of GMOs, is 

formulated, and appropriated in a biotechnology course at the university. The study 

emphasizes how argumentation in science and science education, as Lemke (2001) argues, 

always reflect the larger communities of which they are part. The analysis led to the following 

conclusions: The professor, a researcher in plant molecular biology, was seen to be striving to 

make his claims more credible than the claims of those opposed to GMOs. This can be seen as 

in accordance with what Latour (1987) claims is part of doing science. Language used by the 

bioscience course participants cast the identities of their opponents as irrational and the 

identities of bioscientists as the opposite. Bioscientific knowledge and method is the sign 

system, or knowledge system, privileged over other ways of knowing, this being done by 

emphasizing the ―precise‖ and ―exact‖ nature of its experiments. Rather than raising other 

possibly relevant dimensions of the debate, the bioscience course participants attribute 

ignorance to their opposition, drawing on authoritative and accurate sources of biotechno-

logical data—a discursive resource available when issues of science and scientific knowledge 

are contested. What is communicated as ―good‖ is coupled to properties of the plant created 
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through biotechnology and to the problems biotechnology solves. Solving food problems such 

as nutritional deficiencies and plant problems such as stress tolerance in the third world is 

restricted by opposition by the public and environ-mentalists. By the end of the course, the 

students express a Discourse model implying that the introduction of ―robust,‖ ―nutritious‖ 

and― good for … the environment‖ GMOs is impaired by ―consumers [who] are reluctant‖ 

and by ―regulations.‖ We have seen how students, as they learn to appropriate ―scientific 

habits of mind,‖ learn to argue and be critical—of environmentalists, but not of bioscience or 

the institutional contexts in which GMOs have been developed. Instead, bioscientific 

practices are favored. Argumentation regarding GMOs constitutes a Discourse that, like all 

Discourses, ―protects itself by demanding from its adherents performances which act as 

though its ways of being, thinking, acting, talking, writing, reading and valuing are ‗right,‘ 

‗natural,‘ the way ‗good‘ and ‗intelligent‘ and ‗normal‘ people behave‖ (Gee, 2008). The 

prospective biotechnologists are seen learning to adopt a scientific perspective and are not 

encouraged to take consumers‘ and farmers‘ knowledge, ethics, and concerns into 

consideration. The discourse model seen to be appropriated by the students is upheld by the 

bioscience community in Sweden (Jansson and et al., 2011), England (Marris, 2001), and 

Europe (Moloney et al., 2012). Other discourse studies have demonstrated that genetic 

engineering scientists legitimate and privilege science. Wynne (2001) has demonstrated that 

many people believe that scientists seek only objective knowledge and that the lay public is 

capable of taking only sentimental, emotional, and intellectually vacuous positions. In 

interviews, 27 senior scientists demonstrated how scientists legitimate the epistemic and 

moral authority of science and marginalize opposing activists (Motion & Doolin, 2007). This 

aspect of the GMO discourse has also been addressed by GM scientists in in-depth interviews 

in which they describe the opposition (Cook, Pieri, & Robbins, 2004). I have provided 

glimpses into one theme in the practice of one bioscience course. Since completely different 

pictures of science emerge depending on the science studied, it must be emphasized that this 

study is restricted to biotechnology and genetically modified plants. The validity of the study 

is not constituted by the analysis ―reflecting reality‖ in any simple way: the data capture a 

certain discourse, so the analysis is meaningful in certain ways and not others. Instead, the 

study‘s validity inheres in compatible answers to the questions asked in the analysis, coverage 

of the material and related sorts of situations. The privileging of science over other ways of 

knowing is, if one thinks in terms of discourses, unsurprising in this context. This study was 

conducted in a bioscientist‘s classroom, which differs in certain ways from a regular school 

science classroom. I have examined how SSIs are enacted in a classroom near the actual 

interface between professional science and society, and considered how bioscientists them-

selves seek to frame and give form and content to the SSIs surrounding GMOs. In the school 

classroom, the science teacher may represent the arguments of bioscientists, but the teacher is 

still primarily, professionally speaking, a teacher and not a professional bioscientist. In a 

school classroom, the science teacher presumably sees SSIs as a way to help students see 

multiple perspectives and to train them in argumentation, but they might be less interested in 

claiming a superior grasp of biotechnology than is a professor of biotechnology.  
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Abstract: This paper reports the theoretical background and design of a study as well as 
first findings concerning the influence of different contexts on students’ ability in decision-
making about socio-scientific issues. The primary focus is on the effects contexts have on 
the difficulty of tasks that require decision-making. Improving students’ ability to judge 
and evaluate ethically is an important part of modern and competence-oriented biology 
education. The decisions students have to make as politically mature citizens often evoke 
ethically difficult questions. In order to act and decide responsibly, students do not only 
need biological content-knowledge, but also the ability to make reflected decisions. 
Concerning decision-making in frame of this work; four main contexts that are of ethical 
relevance in biology could be identified: environment & sustainability, health, animals and 
medicine. Results of recent studies indicate that these different contexts might influence 
students’ decision-making abilities (i.a. Sadler & Zeidler, 2004). When students involve 
with socio-scientific contexts, certain context-person-valences (e.g. interestingness, 
familiarity) arise. These valences are not in a context itself but arise when a person gets 
into contact with a certain context. This study seeks to find out if and in how far students’ 
abilities in decision-making depend on the respective contexts and the context-person-
valences. The results of the empirical investigations show that the test instruments that 
were generated in order to assess students’ abilities in decision-making and to analyze 
context-person-valences are suitable for this purpose. Analyses of the contexts show that 
the contexts of tasks do not have a direct influence on students’ decision-making abilities. 

Keywords: Decision-making, socio-scientific issues, contexts, context-person-
valances 
 

BACKGROUND AND FRAMEWORK 
Since our society is marked by a strong scientific tradition, students often encounter 
problems concerning topics like genetic engineering, animal testing or environmental 
pollution. In order to act and decide responsibly students do not only need profound 
biological content-knowledge but also the ability of decision-making (i.a. Lind, 2006). 
Here, decision-making is understood as students‘ ability to understand, analyze and judge 
topics of applied natural science in order to play a competent part in societal decision-
making processes (KMK, 2004). That means that students are supposed to identify 
different criteria, compare different options, perspectives and possible consequences and 
make reflected decisions (Schwanewedel & Mayer, 2012).  

When aiming at improving students’ abilities in school, it is necessary to find out which 
abilities students’ already possess and in how far they are still lacking important abilities. 
Furthermore, it is relevant to identify factors that influence students’ abilities in order to be 
able to control and vary these factors. Concerning decision-making about socio-scientific-
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issues contexts are named as potential influencing factors on students’ abilities. It is 
assumed that the context of a specific task (like animals or health) or the valences that arise 
when a student gets involved with a task of a certain context (context-person-valences: i.e. 
interestingness or familiarity) may influence the difficulty of making a reflected decision.  

Identifying factors that influence students’ decision-making is supposed to help generating 
directives for assessing and improving students’ decision-making in biology classes. For 
example, identifying contexts with which students’ have the least difficulty in decision-
making can be used for choosing these easier contexts to practice decision-making in 
school. 

Rationale and Purpose 
In order to develop and promote decision-making in school it was set as one of four 
competency-areas within the German National Educational Standards (NES) in science 
subjects (biology, chemistry, physics) (KMK, 2004). Decision-making about socio-
scientific issues is understood as students’ ability to understand, analyze and judge topics 
of applied natural science in order to play a competent part in societal decision-making 
processes (KMK, 2004). According to Eggert & Bögeholz (2006), Eilks et al. (2011), 
Reitschert (2009) and Schecker & Höttecke (2007) decision situations can be described as 
essential basis for decision-making. These decision situations are characterized by specific 
features such as the choice between different options, or the use of different decision-
making strategies. Decisions need to be made and decisions of others need to be reflected 
retrospectively. In this process specific evaluation criteria, options, perspectives and 
consequences are identified, compared and weighed. That means that decision-making 
requires students to realize and consider different criteria, compare different options, 
perspectives and possible consequences, make informed decisions and critically reflect 
own decisions and decisions of others (Schwanewedel & Mayer, 2012).  

In the NES decision-making is also emphasized as learners’ ability to identify, discuss and 
evaluate biological issues in different contexts (KMK, 2004). Thus, the specific context 
builds the basis for decision-making processes and thereby sets different conditions for 
these processes. However, the ‘different contexts’ are not concretized. 

In frame of this study contexts are defined based on e.g. PISA 2006 (OECD, 2006), Gilbert 
(2006) and the NES (KMK, 2004): Contexts that are relevant for decision-making consist 
of a (a) specific biological content and (b) a situation with ethical relevance and (c) each 
context has various micro-contexts (see figure 1). On the basis of this definition four 
relevant contexts for biology education were identified and differentiated: medical ethics, 
sustainability and environment, animal ethics and health. These contexts were identified 
from a teaching practical point of view based on an analysis of school books, school 
curricula and teaching topics.  
 
 
 
 
 
 
 
 
 
 
Figure 1. Contexts in decision-making 

Contexts 

(a) biological content 

(b) situation with ethical 

relevance  

(c) micro-contexts 
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When students get in contact with these contexts, so called context-person-valences can 
arise. In the discourse of a context-oriented education; especially relevant valences are the 
following: relevance for society and everyday life, familiarity and interestingness (Bennett 
& Lubben, 2006). These valances are not a characteristic of a certain context or a person 
itself (e.g. the context itself is not interesting per se nor is a person as such always 
interested). The valences arise when a person gets involved with a context for example by 
solving a task with a certain context and in this process considering it to be e.g. interesting 
or familiar (see figure 2). While different contexts have different characteristics (like 
specific biological contents) students do also have variant characteristics (like age, gender 
etc.). Students of a different age, gender or social background, for example, might find 
other contexts interesting or familiar, e.g., than students with other characteristics. 
Researchers assume that contexts and context-person-valences are significant since they 
might influence learners’ ability in decision-making (Sadler & Zeidler, 2004).  

 

 
 
 
 
 
 
 
 
 
 
Figure 2. Context-Person-Valences 

 

One central goal of this study is to develop a test instrument to assess students’ abilities in 
decision-making and concurrently an instrument to asses which context-person-valences 
actually arise when learners solve tasks concerning specific contexts. Via these instruments 
the influence of (a) the contexts and (b) the context-person-valences on learners’ abilities is 
intended to be analyzed. Identifying factors, that influence students’ abilities in decision-
making is supposed to improve students’ decision-making in biology classes. If the 
empirical investigation shows that decision-making is easier for students with specific 
contexts or contexts that evoke certain context-person-valences, these context for example 
can be used to improve abilities of students who have rather less experience or lower 
abilities in socio-scientific decision making situations. 

 

Consequently the key questions this study seeks to answer are: 

 

Q 1 How can students’ abilities in decision-making be assessed? 
Q 2 How can the influence of the context-person-valences be assessed? 
Q 3 Which influences do different contexts have on students’ abilities in decision-

making? 
Q 4 Which influences do the context-person-valences have on students’ abilities in 

decision-making? 
Q 5 Which conclusions can be drawn for learning and enhancing students’ decision-

making competencies in biology education? 

Contexts 

(a) biological content 

(b) situation with ethical 

relevance  

(c) micro-contexts 

Context-Person-Valences 

Interestingness 

Relevance for 
everyday life 
Relevance for Society 

Familiarity 

Person 

Age,  

gender,  

social and educational 

background, 

 etc. 
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Complexity 
 

- V: Analysis of decision-making 
(process) 

- IV: Two or more connections 
between decision-making 
criteria 

- III: One connection between 
decision-making criteria 

- II: Two decision-making criteria 
- I: One decision-making criterion 

Cognitive Process 
 

- Integrate: Integrate additional 
criteria, interprete information 
from different perspectives 

- Organize: Organize/structure 
information 

- Select: Select/choose information 
- Reproduce: Recognize/report 

information 

Components of Decision-
Making 

 
- Decision-making criteria 
- Options for action 
- Reflection 

In the following the methods and findings concerning research question 1 to 3 will be 
described. 

 

METHOD 
To answer the research questions a quantitative approach was chosen. Two test-
instruments were developed: A task-based competency test which measures students’ 
abilities in decision-making and a questionnaire that measures which context-person-
valences arise when students answer items of the four contexts. 

The basis for the measurement of students’ competency in decision-making via the task-
based competency test is built by a competency model. This model was developed within a 
project for the evaluation of the German National Educational Standards for Natural 
Sciences at the Lower Secondary Level (ESNaS) and is operationalized in form of this 
task-based competency test which takes different difficulties (complexity and cognitive 
process) and three components of decision-making into account (see figure 3).  

The complexity of a task and the cognitive processes that are needed to solve a task were 
empirically identified as influencing the difficult of task-based tests. They are combined 
and varied systematically in order to generate tasks of certain difficulty. The easiest task 
requires from students to reproduce one decision-making criterion that was mentioned in 
the text of a task. In order to solve the hardest tasks students need to integrate new 
information in order to analyze a decision. 

Based on the theoretical basis by Bögeholz (2007), Eggert (2008), Eggert & Bögeholz 
(2010) and Hößle (2007) and the requirements of the NES decision-making is 
differentiated in three components in the ESNaS competency-model: (a) decision-making 
criteria, (b) options for action and (c) reflection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. ESNaS-competency-model for decision-making 
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Decision-making criteria means that the situation and the ethical relevance of the topic that 
is treated in the task need to be recognized. That means that relevant facts, decision-
making criteria and norms and values need to be identified and applied. 

The component options for action describes that different ways to solve the ethical relevant 
problem are central. Students need to generate different possibilities and options and 
reflect the consequences of actions and the solutions of others. 

Reflection means that the decision-making process itself is critically reflected. Different 
perspectives and consequences need to be recognized, considered and weighted under the 
application of decision-making strategies.  

Each of the four defined contexts is represented by at least 35 items in the task-based 
competency test. The topics (or micro-contexts) of the tasks were chosen according to 
fitting topics in course-books, the National Standards and curricula for biology education 
in German schools. The test consists of 60 different micro-contexts with 189 test-items 
(each micro-context is represented by several items). The test-items are in closed, half-
open or open answer format. Figure 4 shows an example item concerning the micro-
context junk food which belongs to the context health. A short stimulus text describes the 
setting and offers the information the students need for decision-making. This stimulus text 
is followed by several test-items, figure 4 shows one of these items. Here, the students 
need to select and weigh several criteria (i.e. price per package and grams of sugar per 
serving) that are needed to make a decision (in this case decide which flakes should be 
chosen by Disney® for advertising them on their channel). 

The questionnaire concerning the context-person-valences consists of 28 items. It was 
constructed in reference to the Study Interest Questionnaire (SIQ) by Schiefele, Krapp, 
Wild, & Winteler (1993). There are four to six items for each of the four facets of the 
context-person-valences (interestingness, relevance for everyday life, relevance for society, 
familiarity). In the questionnaire the students choose in how far they agree with statements 
concerning the contexts of the items (e.g. I think this topic is interesting or This topic is 
important for my life) via a four-point likert scale (from totally agree to totally disagree). 

In the test-booklets the questionnaire is inserted after each competency-test item. Via these 
embedded-measures students are systematically confronted with a stimulus describing the 
setting of a certain context, a competency-test item concerning this setting and the 
questionnaire that asks students to evaluate each test item according to the context-person-
valences. The advantage of embedded measures is that the students state how interesting, 
familiar etc. a certain context or micro-context was for them immediately after they were 
confronted with it instead of asking them retrospectively (Drechsel et al., 2011).  

Results of a pre-study (N=277) show that the competency items fit to the ESNaS 
competency-model and have satisfying item-fit (person reliability: .55; Cronbach‘s α: .80; 
MNSQ < 1.5, Zstd < 2). The questionnaire items were pretested embedded with the 
competency test items and also show satisfying fit (person reliability: .89; Cronbach‘s α: 
.1.; MNSQ < 1.5, Zstd < 2). 

The main study took place in spring/summer 2013. The test-instrument was conducted in a 
multi-matrix-design. The competency items were linked to each other and spread over 50 
test booklets (16-20 competency items per booklet). The questionnaire items were inserted 
embedded after each competency item. Students (N= 745) of ninth and tenth grade of 14 
German schools took part in the study. Each student was given one booklet, the students 
had 90 minutes to solve the test and answer the questionnaire. Each item was solved by at 
least 40 students which is a satisfying number (Linacre, 1994). 
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The manufacturer of three different breakfast flakes want to 
advertise their flakes at the Disney Channel®. In the following 
table, the names of the flakes and their properties are listed. 
 

Name of the 
Flakes 

Price 
per 

package 

Grams of 
sugar 
per 

serving 

Amount of 
waste per 
package 

Taste 

Magic-Cereal 4 Euro 8 Low Very good 

Super-Flake 1 Euro 13 Medium Very Good 

Crunchy-Crisp 2 Euro 7 High Medium 

 
Disney® would like to opt for only one of the manufacturers.  
 
Weigh off several properties of the three different breakfast 
flakes against each other. Which are the Flakes Disney® should 
choose? Give reasons for your decision. 

 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 4. Disney® bans junk food – example for a test-item 

 

Students’ answers on the competency test were analyzed using a coding scheme (Full-
Credit and No-Credit) which was derived during item development and improved after the 
pre-study. Data was analyzed via classical analyses (SPSS) and IRT scaling (Winsteps). 
Here, IRT was chosen so data can be analyzed even though the students did answer only 
some items of the pool and not all items (Bortz & Döring, 2006). Since data collection by 
using multi-matrix design leads to incomplete data sets, only restricted analyses could have 
been provided by classical test-theory (CTT) or factor analyses (Prenzel et al., 2007).  

Disney® bans junk food advertising! 
Fighting obesity with Mickey Mouse & Co. 

The media company Disney®, famous for cartoons and entertainment 
films, wants to counteract the obesity in children and 
adolescents. In the future there will be no more advertising for 
unhealthy food on the websites and television channels of Disney®. 
A company spokesperson stated that the goal of the advertising ban 
is to promote the consumption of fruits and vegetables. In future 
there would no more advertising for high calorie foods like candy 
bars or potato chips. Disney® decides whether food is healthy or 
unhealthy on basis of certain guidelines. According to Disney®, 
their guidelines are coordinated with the nationally applicable 
standards. To meet the criteria for Disney®, breakfast flakes or 
muesli, for example, are not allowed to contain more than ten 
grams of sugar per serving. 
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In order to detect the influences of the contexts and the context-person-valences on 
students’ ability of decision-making, t-tests for group comparisons and ANOVA with 
planned comparisons were conducted. Further analyses will include correlation- and 
regression analyses. 

 

RESULTS 
In the following results from the main study are reported. In order to investigate research 
question 1 (How can students’ abilities in decision-making be assessed?) and 2 (How can 
the influence of the context-person-valences be assessed?) the validity of the test-
instruments (competency test and questionnaire) were examined. The main criteria for the 
test-validity are the model parameters (Item-Fits) the weighted mean squares (MNSQ) as 
well as the person reliabilities and item reliabilities (which are equal to Cronbach‘s α). 
The items of the competency test show satisfying fit: person reliability: .69; Cronbach‘s α: 
.93, Item-Fit: 0.70 < MNSQ < 1.30, Zstd< 2. Five items (3%) did not show satisfying fit 
and were eliminated from the item pool. This shows that the competency test is suitable for 
the assessment of students’ abilities in decision-making as it is described and 
operationalized in the ESNaS competency-model for decision-making. 
Since the questionnaire concerning the context-person-valences includes four facets 
(interestingness, relevance for everyday life, relevance for society, familiarity) analyses of 
the fit of all four facets were conducted separately (see table 1).  

 

Table 1 

Questionnaire concerning the context-person-valences 

Context-
Person-
Valence 

Interestingness Relevance for 
Society 

Relevance for 
Everyday Life Familiarity 

Person 
reliability 

.84 .64 .75 .57 

Cronbach‘s α .99 .99 .99 1. 

Item-Fit 0.85 < MNSQ  
< 1.16, 

0.9 < MNSQ  
< 1.1 

0.87 < MNSQ  
< 1.09 

0.85 < MNSQ  
< 1.16 

Zstd <2 <2 <2 <2 

Example I think this topic 
is interesting. 

This topic is 
relevant for 

society. 

This topic is 
important for my 

life. 

I already know 
about this topic. 

 

The items of the questionnaire also show satisfying fit except for two items (7%) which 
were therefore eliminated from further analyses. The results show that the questionnaire is 
a fitting instrument for analyzing context-person-valences. 

First analyzes concerning research question 3 (Which influences do different contexts have 
on students’ abilities in decision-making?) show that there are no statistical significant 
differences in the item difficulty of different socio-scientific contexts (Anova = n.s., p>.05) 
(see figure 5).  
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Figure 5. Boxplot – Contexts and item-difficulty 

 

DISCUSSION AND CONCLUSION 
The goals of this study to construct reliable and valid test-instruments to (a) assess 
students’ abilities in decision-making and (b) analyze which context-person-valences arise 
when students solve tasks concerning different contexts were achieved successfully.  
First analyzes on the influence of contexts on students’ abilities in decision-making 
indicate that contexts itself do not have a direct influence. Here, further quantitative 
analyzes will be conducted to get a deeper insight on the relationship between students’ 
abilities and contexts. Since contexts – namely the settings that present the biological 
content and the situation with ethical relevance – do seemingly not influence students’ 
abilities in decision-making (as assessed by the developed competency test) the role of the 
context-person-valences is stressed. Further analyses will be carried out to investigate if 
and how the context-person-valences (i.e. if a student considers a certain task to be 
interesting or not) influence students’ abilities. 

The results of these analyzes are supposed to generate a greater understanding of 
difficulties and possibilities of students’ abilities in decision-making and of influencing 
factors (person-context-valences). Furthermore the instruments are intended to be used in 
teaching training to improve (pre-service) biology teachers’ abilities in determining their 
students’ current stage of abilities in decision-making. The findings can also support 
creating student-oriented teaching situations (i.e. by choosing contexts and micro-context 
that students found relevant, interesting, etc. when developing learning situations). Finally, 
the results are used to develop implications for science education that enable fostering of 
students’ abilities in decision-making. 
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Abstract: Science education for the general student currently aims to enable all students to 

engage with and acting upon personal, social and global issues which have a 

scientific/technological aspect. It is generally agreed that this engagement involves the 

acquisition of certain subject, personal and social attributes. An effort is being made by 

science educators to promote positive attitudes to science, particularly towards school science 

as several studies have shown that attitudes to science tend to decline between the age of 11 

and 14. In this paper, it is argued that the basis for improved engagement with science 

depends on a good level of science awareness by young people during the early secondary 

years of education. An attempt is made to fine tune the definition of science awareness and to 

distinguish it, yet simultaneously relate it with ‘scientific literacy’ and ‘science for 

citizenship’. The meaning of science awareness that guided this study was derived from a 

psychological definition of awareness combined with a sociocultural relativistic view of 

science. A questionnaire was designed to gauge the level of science awareness amongst 

Maltese students in the second year of secondary schooling. Results have shown that some 

beliefs that the students have about the importance of science and science education do not 

reflect the role of science and technology in society. The factors that affect the development 

of science awareness in Malta have been found to be highly related to schooling, such as the 

type of school attended and the pedagogies adopted in science classrooms. Engagement with 

science can be improved through a conscious effort to adopt appropriate pedagogical 

strategies aimed at raising science awareness during school science. 

Keywords: science awareness, engagement, early secondary, attitudes, scientific literacy, 

science for citizenship 

 

INTRODUCTION  

Research in science education in Malta has been focused mainly on students who are 

preparing for their school leaving (Azzopardi, 2008; Galea, 2008; Degabriele, 2008). There 

was less interest in the early secondary years which may be crucial in shaping students’ 

attitudes towards science and in determining subject choice. Malta has not performed well in 

the TIMSS study in 2007 (Gonzales et al., 2008), with almost all other participating 

European Union countries obtaining a better placing than Malta. These results also caused the 

impetus to carry out this study.   

In this study, an attempt is made to provide a measurement of science awareness among 

young Maltese students (average age of 12) in their second year of secondary schooling. In 

this study, the notion of science awareness as an understanding of common science concepts 

is challenged. The definition of science awareness in this research is derived from its 

psychological roots and is considered to involve the recognition of the importance of science 

and science education as a pre-requisite to the formation of attitudes and decision to be 

actively engaged in school science and or scientific social issues. Scientific awareness may 

thus be considered as the foundation of a willingness to engage in science. It provides a 
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disposition/readiness to gain the knowledge, skills and attitudes that are the desired outcomes 

of science education for the general student. It is believed that if young students are not aware 

of the roles of science in their personal life and in society, and how school science can equip 

them to deal with scientific issues in society, that they would not be willing to engage in 

school science. 

The measure of science awareness was obtained through a questionnaire designed as part of a 

doctoral research entitled: Raising the Level of Science Awareness Amongst Early Secondary 

Students. This tool is built on the assumption that cognitive beliefs on which students base 

their attitudes about the usefulness of science and technology in their personal life, and the 

value that they give to school science education provide a measure of this science awareness. 

The measure also provides other important insights into aspects of science education in Malta 

prior to subject specialisation, such as: the students’ achievement in science; factors 

determining subject choice; the type of pedagogies used in the classroom; participation in 

out-of-school science activities; students’ home background; and their general attitudes to 

science. 

 

THEORETICAL BACKGROUND 

The cultural context characterising contemporary youth and the increasing impact of science 

and technology on their personal and social lives are the two main influences on the current 

design of school secondary science education are. Present-day youth form part of a 

participatory culture (Jenkins, 2006), where the widespread use of digital media has changed 

the position and role of science and scientific enterprise in society through new forms of 

social dialogic interactions. The constant bombardment of scientific results from the media 

has contributed to make individuals aware of the uncertainty characterising scientific 

knowledge. The responsibility for decision-making and action in the face of contradictions, 

risks and conflicts presented by scientific and technological matters has thus shifted from 

experts to individual citizens (Beck,1992). Scientific knowledge is no more that 

unquestionable body or knowledge but has become just another imprecise tool which 

provides insights rather than definite answers. Any decision reflecting scientific issues now 

acknowledges the potential marginal sources of error present within the scientific knowledge 

generated. This requires that citizens possess a wider range of skills and competences if they 

are to take decisions in the best interest of present and future society. 

Handling decision-making and action in relation to scientific and technological issues is not 

an innate aptitude. An educational framework is required for this participatory role. 

Consequently, there is currently a more deliberate emphasis of curricula on the functional 

(Hurd, 1998), or society usefulness of science education (Holbrook & Rannikmae, 2009) 

rather than its theoretical aspects. There is a shift towards an education through science 

(Holbrook & Rannikmae, 2007), with science education being envisaged mainly as a vehicle 

to achieve the much wider educational outcomes of the curriculum for a particular age group. 

More focus is being placed on the acquisition of 21st century skills (NRC, 2010) or 

competencies (OECD, 2006) that require students to show what they know, value and are 

able to do within personal, social and global contexts in relation to scientific and 

technological issues. The acquisition of these aptitudes is not being left to chance but is 

featured as a more explicit outcome of the science curriculum, rendering its realisation more 

likely (UNESCO, 2009). 

Science education targeted at the social usefulness challenges the positivistic outlook that 

science represents a unique and disconnected approach to knowledge. “Such a science is not 

Strand 8 Scientific literacy and socio scientific issues

1360



 

 

a dogmatic body of unchanging truth but a science that offers us knowledge, understanding 

and methods of working that offer powerful ways to look at the world. It connects with other 

curriculum subjects and with the lives of the students in and out of school and their 

communities” (UNESCO, 2009, p.15). 

Science education is thus more based on Vygotskian sociocultural philosophical theories 

which acknowledge the social, technological, historical and economic contexts in which 

science concepts are embedded. Science is depicted as a social practice featuring an interplay 

between science, technology and society (Gremmen, 1993). Since citizenship manifests itself 

in social practices (Van Aalsvoort, 2004), then science education can serve to develop the 

qualities needed for this participation.   

Despite many efforts, the engagement of students with science is still a challenge. Research 

in attitudes to science in Malta (Azzopardi, 2008; Gonzales et al., 2008) and abroad (Osborne 

& Collins, 2001; Cerini, Murray & Reiss, 2004) has shown that secondary level science 

subjects tend to instil negative affective attitudes amongst students. This dislike to science 

seems to increase with age with a steep drop in attitudes being reported between ages of 11 

and 14 (Bennett & Hogarth, 2009). Additionally, while general appreciation of science 

outside school, also termed impersonal science (ibid.) was identified, this was not reflected 

with respect to more personal aspects, with respect to science in school, or a desire to have 

jobs involving science. Science is perceived by students as important but not for me (Jenkins 

& Nelson, 2005), While there is appreciation of science in society, youth see it as useful only 

for the minority wanting to become scientists. Otherwise science is considered to be 

irrelevant to the actualisation of their life project. 

A deliberate focus on an awareness of the personal and social importance of science and 

science education is necessary as awareness precedes and is a pre-requisite to engagement 

(Deci & Ryan, 1985). Awareness is considered as the minimal level of the process of 

internalization whereby science successively and pervasively becomes part of the individual 

(Klopfer,1976). The individual first needs to be aware of science or perceive it before s/he is 

willing to attend to it, develop positive feelings towards it and eventually responds to 

scientific issues. If the definition of science awareness is based on psychological roots, then it 

should include solely beliefs or perceptions and intentionally excludes general attitudes and 

behaviours or intended ones that emerge from it and have been directly used to signify 

science awareness in other studies (Stocklmayer & Gilbert, 2002; ASTA, 2004). The 

formation of perceptions also excludes deep understanding of scientific concepts, as although 

a mental component is acknowledged to awareness it is not considered to involve deep 

knowledge and processing of data (Gregory,1987). More specifically, science awareness for 

this specific study means the personal realisation that: 

 science and technology have an increasing impact on individual lives and society, 

implying that; 

o a range of competencies, values, knowledge and attitudes are essential to be 

able to engage with and act upon issues having a science/technological 

component; and that 

 science education can contribute to the development of these competencies, values 

and attitudes and thus makes one more able to function in society. 

This meaning assigned to science awareness makes it distinct from other overlapping 

educational objectives such as scientific literacy and science for citizenship. Although science 

awareness implies a cognitive component, it does not entail understanding of scientific 

concepts, the nature of science and acquisition of competencies as desired by proponents of 

scientific literacy (OECD, 2006: NRC, 1996; AAAS, 1993). Science awareness also excludes 
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the higher capability of political action which is a much expected behavioural outcome of 

teaching science for citizenship (Hodson, 2003; Barton & Tan, 2010) Science awareness is 

that which precedes the development of all these aspects and can be considered to describe 

individuals who hold a set of beliefs or perceptions about the value of science  and science 

education to enable them to become scientifically literate and to engage in scientific issues as 

citizens. Scientific awareness highlights that the individual must first realize the relevance of 

science to his/her level of satisfaction before he or she can engage with it and to participate 

democratically in relation to personal and social issues with a scientific and technological 

component.   

Secondary education in Malta consists of 5 years which follows primary education and 

includes students between the ages of 11-16 years. During their secondary education, students 

follow a general integrated science curriculum during the first two years, at the end of which, 

students need to decide whether they want to specialise in science and can choose any 

combination from the separate sciences: Physics; Chemistry; or Biology; or else opt for one 

science subject which to date includes one science subject of the Physics, Chemistry or 

Biology.  Malta also reflects different forms of education provision with around 60% 

provided by the State; 30% by the Catholic Church; and the remaining 10% by Independent 

(Private) schools. The Pisa (2011) exercise showed that Malta lags behind major countries in 

science education, and that significant differences in achievement were identified between the 

State, Church and Independent providers. It is within this context that this study was carried 

out. 

AIM OF STUDY 

The aim of this study was thus to measure the level of science awareness among early 

secondary level students. The age cohort was considered of particular interest as it targeted 

students at the stage of secondary education where they decide their subject specialisation. It 

is believed that the higher is the students’ level of science awareness, the more the students 

will be ready to engage in science and thus opt for science specialisation. The main research 

question thus was: What level of science awareness do Maltese students in their second year 

of secondary education have? The research reported here forms part of a doctoral research. 

Based on the students’ measure of  science awareness, a number of science education 

activities within the second year integrated science curriculum and which involve a social 

perspective of science aiming at raising students’ scientific awareness is to be designed and 

trialled with students. At the time of writing of this article, focus group of interviews  aimed 

at identifying students’ interests related to the social aspect of science have been conducted 

and the science activities aimed at promoting science awareness are being drawn up. 

 

METHODOLOGY 

The main tool used to measure science awareness among 12-year old Maltese students was a 

questionnaire. Science awareness is based on a continuum of beliefs and thus the 

questionnaire was designed to measure specific indicators formulated from the definition of 

science awareness stated in the previous section. Raising science awareness implies steering 

students towards a heightened belief that: 

1. Science has an increasing impact on individual lives and society. Thus, a student who is 

more scientifically aware is more likely to acknowledge that: 

a. several issues the individual and society face today pertain a science component;. 

Strand 8 Scientific literacy and socio scientific issues

1362



 

 

b. recent scientific and technological advances are more uncertain and risky than ever 

before; 

c. society influences the progress in science and technology; and 

d. science and technology are related to social justice and sustainability of the planet. 

2. A range of competencies, values, knowledge and attitudes are essential to be able to 

engage with and act upon issues having a science component. Thus, a student who is more 

scientifically aware is more likely to acknowledge that in order to attend to and act upon 

personal, social and global scientific issues, one needs to: 

a. have some knowledge of scientific concepts useful in everyday life;. 

b. have some knowledge about the process of science; 

c. be able to identify scientifically-oriented issues; 

d. be able to explain phenomena based on data; 

e. be able to use scientific evidence to reach a conclusion;  

f. be interested in science; 

g. be willing to support scientific enquiry; 

h. have a clear feeling of what is right or wrong; 

i. be able to listen to the views of others; 

j. be able to argument and weigh evidence; 

k. cooperate in decision-making and resolution of conflict; and 

l. be politically literate 

3. Science education can contribute to the development of these competencies, values and 

attitudes and thus makes us more able to function in society. More specifically, a person 

who is more scientifically aware is more likely to acknowledge that all the attributes 

mentioned in (2) above can be achieved through science education. 

Most items in the questionnaire followed the same basic logic. A statement is presented, and 

the students were asked to give their response by ticking the appropriate box in a fixed scale. 

Likert scales with four categories were used for such items. Further categories were avoided 

as this can lead to confusion and frustration amongst the respondents (Gable & Wolfe, 1993). 

The responses go in ascending order: Strongly Disagree – Strongly Agree, or  Never – Very 

Often. Statements related to the different aspects of science awareness indicated above were 

included. 

Once finalised, the questionnaire was reviewed by two science education experts and was 

then translated in Maltese by a qualified translator. The instrument was piloted with 21 Form 

2 students who then did not take part in the actual data collection. Following minor changes 

to the instrument and the acquisition of the necessary permissions, the instrument was 

administered to a sample of 400 students attending 28 different secondary schools in Malta 

and Gozo in May 2012. The sample was representative of gender and type of school. At the 

time of data collection, there were four types of schools in Malta, namely Independent 

schools, Church schools, Junior Lyceums (grammar type schools) and Area Secondary 

schools (for the rest). The latter two are both state schools with the Area Secondary Schools 

catering for those students who do not pass their 11+ exams. The instrument was 
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administered in Maltese in all schools except for the Independent schools and one Church 

school where an English version of the questionnaire was requested. 

Data was coded and analysed by means of the statistical programme SPSS IBM20. 

Descriptive statistics was employed to get a general picture of the school context and home 

background of the student population. Means and percentage distributions of responses were 

calculated for Likert scale items. Since a four-point Likert scale was employed, then students 

were considered to have a neutral opinion about a particular item when the mean was very 

close to 2.5. In some cases, the Agreement Index, AI (Jenkins & Nelson, 2005) was 

calculated to show the level of agreement with a particular statement. The Independent 

Samples t-test was employed to identify significant gender differences in science awareness, 

while the Chi-Square test was applied to identify significant differences in distributions in 

factors other than gender. 

 

RESULTS 

General trends in science awareness 

This section will tackle the results obtained for the different aspects of science awareness 

demonstrated by children and what trends were obtained across gender and/or across schools 

when these were present. 

a) The role of science in different situations 

In the first section of the questionnaire, students were asked to show to what extent they 

agree that a number of personal, social and global issues or decisions were related to science. 

This measured one aspect of science awareness. It was found that  early secondary students 

tended to recognise the connection mainly of  science issues when statements included  

technical terms usually learnt in science lessons, e.g. exploration of space (Mean = 3.44), 

whether pollution from a particular source is a risk to health (Mean = 3.26), cloning of 

human beings (Mean = 3.13), etc. On the other hand, they did not recognise the role of 

science in issues  which had strong political connotation, e.g. population control (Mean = 

1.78),  laws related to control hunting of birds (Mean =  1.89), whether an area should be 

built or developed (Mean = 2.04), or involve personal decisions that can be based on factors 

other than science, e.g. what type of car to buy (Mean = 1.78), the type of transport to use 

(Mean = 2.10), whether to recycle waste (Mean = 2.30), etc. Students seemed to 

compartementalise the issues into science and non-science and fail to recognise the 

interdisciplinarity that threads through some issues which included both scientific and social 

aspects.  

Since students were verbally instructed not  to respond to items that they did not understand 

or which they had never encountered before. Thus missing data may also give useful insights. 

The most items with high missing data related global issues such as cloning of human beings 

(Missing = 39.0%) or ecological balance (Missing = 31.3%) . This showed that somehow 

students were limited to situations within their close environment and did not have a view of 

global issues. It was also noted that most of the missing data was from students who attended 

Area Secondary schools while the percentage was negligible for the other schools while 

missing data from Independent Schools is almost negligible. Except for abortion, girls left 

more empty responses than boys. 
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b) Awareness of uncertainty  in science 

Respondents were also asked to indicate their percentage of levels of risk in examples of 

contemporary scientific applications; and the interplay that exists between science, 

technology and society. Students disagreed strongly (A.I. = -72.2%) with the statement the 

effects of science application are always safe indicating an awareness of the risk 

characterising science and its products. Students also seemed to be aware of the uncertainty 

that characterises the scientific method and scientific results  as shown by the values  of the 

Agreement Indices for the items the scientific method always leads to the  correct answer 

(A.I. = -33.3%), the effects of scientific applications are always known exactly (A.I. = -

31.8%) and scientists often disagree with each other (A.I. = +14.2%). However, despite these 

results students still agreed strongly with a statement that reflects a blind-folded positive 

image of scientists, namely that all scientists are responsible people (A.I. = +63.3%). 

Students either do not acknowledge or have an almost neutral opinion about the impact that 

society or its entities may have on the progress of science. They disagreed quite strongly that 

scientists research is determined by politicians and industrialists (A.I. = -43.6%) and exhibit 

lack of established beliefs in relation to governance: the Government can control any 

dangerous developments in science (A.I. = -6.1%); common citizens can control the progress 

of science (A.I. = -6.4%); and people like me and my family have little chance to influence 

scientists (A.I. = -6.1%). However, they believe that scientists have to work with other 

experts to solve global problems. In fact, they disagree with only scientists can find solutions 

for scientific issues such as global warming (A.I. = -43.6%) and agree that scientists often 

need to work with other experts (A.I. = +53.1%). 

c) Awareness of skills needed to engage in science 

Another indicator of science awareness was taken to be the extent to which students 

recognise the importance of the competencies that they need to engage with scientific issues. 

The example involved an individual who was physically impaired following an accident and 

had to decide whether to opt for stem cell treatment, the students were asked to indicate the 

extent to which they agree that this individual needed certain scientific attributes such as: 

showing interest in scientific research or evaluating whether the risks of the treatment 

outweigh the benefits to improve his quality of life. All agreement indices for the responses 

were above +28.1%. The lowest A.I. was obtained for the item his school science education. 

This implies that although the students acknowledged the significance of acquiring scientific 

competencies to deal with certain life situations, they did not regard science education as the 

best of means to achieve them.  

In the second context-based question, students were asked about how citizens who do not 

agree with a change in fuel for the local power station should behave. The students indicated 

that one should not remain passive in relation to socio-scientific issues with which one 

disagrees, but should learn relevant knowledge regarding the issue in question in order to take 

action. When, negative Agreement Indices were obtained for the only two items featuring 

passiveness, namely, accept such a decision as good and final as it was taken by experts (A.I. 

= -44.5%) and only speak up if the decision affects them personally (A.I. = -22.4%). The 

Agreement Indices for all the other statements included in this section e.g. take part in 

demonstrations to stop the project and take part in television debates regarding the issue are 

all positive.  

d) Competences acquired through Science Education 

Students were found to recognise that school science equips them with an understanding of 

the world around them and some insights of how scientists go about their work. However, 
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they do not feel that it provides them with the competences needed to participate in political 

action which should be the main aim of a general science education programme. In fact, 

negative Agreement Indices were obtained for statements such as participating in political 

action (A.I. = -53.8%), and willingness to participate in political action as a reflective citizen 

(A.I. = -23.1%). This finding reflects the type of science learning activities in schools that fail 

to provide the social perspective of science. As student responses indicated, learning science 

is mainly teacher-centred and content-based. Community-based and outdoor activities are 

still one-off sessions. Students thus overall do not link learning science with the skills they 

need for political action. 

 

Gender and other differences 

Boys registered greater awareness of the ‘hidden science’ that threads through personal and 

social issues, such as what car to buy (Mean difference, M.D. = 0.311, p = 0.001) or whether 

an area should be built or developed (M.D. = 0.361, p=0.000). From the list of issues found 

to be significantly different, the mean of girls was only higher than that of boys in relation to 

abortion (M.D. = -0.275, p= 0.016). Perhaps this is because this issue is more personally 

relevant to them and has a socio-emotional perspective. 

The awareness of the interplay between science, technology and society was complex. Boys 

seemed to have a more authentic awareness of the uncertainty characterising modern 

scientific applications, scoring significantly higher with items such as the latest scientific 

applications are more risky than ever before (M.D. = 0.313, p = 0.001) and scientists often 

disagree with each other (M.D. = 0.235, p = 0.001). They were also more aware that most of 

the time, scientists research what is politically and financially worthwhile.  On the other 

hand, girls were more aware of the need for greater collaborative effort between scientists 

and other experts to find solutions to problems and that this is not their sole responsibility. 

Very few significant gender differences exist for the responses to the two context-based 

questions that both girls and boys acknowledged similar attributes required to engage with 

issues of a scientific/technological component. 

Boys were also found to judge the personal and societal usefulness of science more 

negatively than girls, and agreed more strongly that science is not useful for my everyday life 

(M.D. = 0.223, p= 0.008), scientific discoveries do more harm than good; and science has 

ruined the environment. This reflects the boys’ stronger perception of the uncertainty and risk 

characterising scientific and technological applications. However, boys then preferred school 

science more than girls with the latter agreeing more that school science is difficult M.D. = -

0.247, p= 0.01). 

More than half the items were found to be significantly different for the type of school 

making it the strongest determinant of science awareness. Results show that students from 

Independent and Church schools were in general more similar than students from state 

schools. The former two also tended to be more scientifically aware in that they demonstrated 

greater awareness that science is related to the personal, social and global issues included in 

the questionnaire. They also tend to identify more the uncertainty and risk characterising 

contemporary science. In addition, there seems to be a relation between these perceptions and 

beliefs characterising science awareness and the judgements or attitudes towards science. 

Students from Church and Independent schools were more scientifically aware, were also the 

ones who held the more positive attitudes towards science and school science. This implies 

that by ameliorating science awareness one can help students have more positive attitudes 

towards science and science education. 
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Although to a lesser degree, the number of science lessons in the last year of primary 

schooling, as well as the scientific orientation was also important variables. In general, the 

more the students were exposed to science, the better their science awareness and the more 

positive attitudes they held about science and science education. Students who opted to study 

more than one science subjects were also more scientifically aware and portrayed more 

positive judgements about science and science education. 

 

DISCUSSION 

This study has provided insights into Maltese early secondary students’ level of science 

awareness of the roles of science in society and the impact of science on social issues. It has 

also provided some information about important trends about the state of science education 

provision in Malta as well as areas of awareness which can be tackled in promoting science 

specialisation among students. 

It has been found that students could identify the role of science mainly in those aspects 

which are closely related to school science. Students were, however, less aware of the social 

perspective of science at both personal and social level.  In addition, among those who held 

higher levels of science awareness, this awareness was higher with respect to situations 

limited to the students’ close environment. Students were less aware of situation related to 

science and global issues. Politics and its influence on science enterprise is also uncommon. 

The conclusion is that any science awareness among early secondary students in Malta is 

limited to the students’ exposure to science at school and that efforts need to be made to help 

students learn about the role of science in society. Science is presented as a methodology and 

body of knowledge forming part of schools but not really relevant to everyday life. If students 

are not aware of the role of science and global issues, it is difficult to expect them to identify 

with science and to want to engage in scientific activities. For some reason, potentially 

science curricular material, pedagogical approach and lack of participation in out-of-school 

science all contribute to this lack of awareness among students and calls for action to be taken 

at this level.  This is particularly important since science awareness seems to be related to an 

extent to students’ willingness to engage in science reflected in them opting for science 

specialisation as part of their secondary education. 

This research has also shown significant differences between State Schools and Church and 

Independent schools. It is not easy to explain the main factors contributing to this difference 

across school type. Independent schools are mixed ability schools. However, since parents 

pay high schools fees, unlike State and Church schools which are free or involve small 

amounts as donation (only in the case of Church schools), this means that there is selection 

based on socio-economic status, Although this does not necessarily mean that children come 

from better home backgrounds, it is also to be noted that there was a higher percentage of  

professional parents among those responding to the questionnaire in this study in Independent 

schools compared to the other two types of schools. This trend was also obtained in the case 

of the PISA 2011 results (Ministry of Education and Employment, Government of Malta, 

2013) in relation to achievement in science at primary level. 

There may be a number of factors influencing the poorer levels of science awareness among 

students in State schools. As the questionnaire indicates, there were more respondents from 

State schools who came from lower socio-economic status backgrounds as well as had 

parents with lower educational levels. It could thus be that students in State schools tended to 

have less educationally supportive environments at home. In addition, since science is 

assessed in English and there is a greater tendency for students in State schools to lag behind 
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in English proficiency as shown in the PISA 2011 results, that a different in science 

awareness can also result from a language barrier which some students may experience. 

 While there is a strong argument in favour of including the nature of science in curricula to 

raise the levels of science awareness across all early secondary students, this is also a great 

challenge mainly to State schools. Recent initiatives have seen the introduction of new 

science curricula in the first two years of secondary education where science is done within 

thematic areas. This approach may provide part of that missing link. The argument in favour 

of teaching specifically about the role that science has in people’s personal lives and in 

society, still remains very strong. 

 

CONCLUSION 

This study has thus shown how early secondary students overall do not see the relevance of 

science when issues do not feature technical terms which were not covered during school 

science. Students’ awareness of the impact that society may have on the progress of science is 

also restricted. Although the students perceive clearly the attributes required to deal with 

issues of a scientific/technological component, they do not regard science education as the 

means to achieve them. On the contrary, they view science education solely as relevant in 

endowing them with knowledge of and about science. This trend is possibly an outcome of 

the pedagogies used in early secondary classrooms, which have been shown to be still highly 

based on a transmission mode of learning. 

The factors that seem to affect science awareness are all to a degree inter-related to the nature 

of science and go beyond the effect of school science. None the less there is still a strong 

argument in favour of efforts to find appropriate learning strategies to explicitly raise science 

awareness in schools. Promoting science awareness as a result of sporadic, out-of-school 

activities, or merely as a hidden outcome of the curriculum has to change. Making students 

aware of the role of science should be one of the main aims of early secondary level science 

and curricular space to introduce the social perspective of science in society should be found. 

It is the only way through which we can ensure a constant supply of scientists, as well as 

citizens who understand and appreciate the impact that science has on our personal, social 

and economic lives. 
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CHEMISTRY 
 

Iwen Kobow and Maik Walpuski 

University of Duisburg-Essen, Germany 

 

Abstract: Scientific Literacy includes different skills and abilities which students should 

acquire in science education. Drawing evidence based conclusions and decision-making are 

both part of scientific literacy. Because of their complexity and open-endedness, 

socioscientific-issues are often used in science education to promote scientific literacy. 

Socioscientific-issues are meant to increase students’ need to work on problems with multiple 

perspectives and solutions. As a result, students’ communications skills like selecting and 

evaluating appropriate information from e.g. books and the Internet and arguing in complex 

situations are trained. In this process of decision making different competences have to be 

combined. On the one hand students need to use their content knowledge on the other hand 

they have to be able to acquire new information from different sources and to judge their 

quality. 

The project presented in this paper investigates the connection between content knowledge, 

communication skills and decision-making skills in chemistry empirically. For this purpose, a 

paper pencil test for communication competence has been developed and validated. This test 

was administered to 400 students together with tests on content knowledge and evaluation and 

judgement and additional instruments for validation. The aim of the study is to evaluate to 

which extent students’ performance in chemistry specific communication tasks is determined 

by other variables. 

Keywords: communication, competence, chemistry 

 

INTRODUCTION 

According to PISA, scientific literacy (SL) embraces amongst others an individual’s 

knowledge about scientific concepts, acquiring knowledge and using information for evidence 

based conclusions (OECD, 2009). In science education, socioscientific-issues (SSI) are often 

used to promote SL (Pouliot, 2008). Working on SSI students’ abilities to evaluate 

information, to make decisions and to argue might be fostered and SL might be achieved 

(Jiménez-Aleixandre & Erduran, 2008). 

These abilities can be found in educational standards all over the world. In Germany, the 

National Educational Standards (NES) for chemistry specify four equitable areas of 

competence: content knowledge, acquirement of knowledge, communication and evaluation 

and judgement (Sekretariat der Ständigen Konferenz der Kultusminister der Länder in der 

Bundesrepublik Deutschland, 2005). In addition, each area of competence is subdivided into 

subareas. For communication theories by e.g. Mead (1968), Habermas (1971) and Schulz von 

Thun (1981) have been used to work out basic characteristics: Transfer of information, usage 

of signs and symbols, reception of information, interpretation of information depends on the 

receiver and argumentative character. An analysis of the NES shows that these characteristics 

are also important issues in chemistry education. Thus, the assessment for the evaluation of 

the standards focusses on the following subareas and aspects. 
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Subareas of 

competence 

Accessing 

information 

Circulating 

information 

Argumentation 

Aspects 

Language / Scientific terminology 

Media and representations 

Addressee orientation / Subject orientation 

Figure 1. Subareas and aspects of communication 

 

In the NES’ evaluation the four areas of competence are assessed separately, although an 

interconnection is expected regarding SL. This study investigates in which way 

communication is empirically connected to the areas content knowledge and evaluation and 

judgement. 

 

THEORETICAL BACKROUND 

SSI represent science related, open ended, complex problems and social dilemmas with 

multiple perspectives and solutions (Sadler & Zeidler, 2005a). Working on SSI fosters 

students’ abilities to take part in decision-making processes, to argue, and to use information 

appropriately (Uskola, Maguregi, & Jiménez‐Aleixandre, 2010). Patronis, Potari and 

Spiliotopoulou (1999) assume a link between students’ reasoning in SSI and their content 

knowledge. Sadler and Zeidler (2005b) showed this link empirically and state that students 

with strong understanding of content knowledge exhibit fewer reasoning flaws. 

With regard to the German NES SSI address at least two areas of competence. The knowledge 

on application of decision-making strategies is defined as part of evaluation and judgement 

while the abilities to access information and to argue fall into communication. The subarea 

accessing information of communication focuses on students’ abilities to identify 

characteristics of information and information itself or to estimate information quality. 

Argumentation focuses on identifying elements of arguments, using arguments in an 

argumentation, or dealing with counterarguments. 

Content knowledge that assumedly influences working on SSI (Patronis et al., 1999) is 

classed into content knowledge. 

 

AIMS AND RESEARCH QUESTIONS 

The NES define four separate areas of competence. Relying on research on SL, SSI and 

argumentation interconnections between these areas can be expected. The extent of these 

relations is unclear, however. 

The subarea argumentation of communication and evaluation and judgement are expected to 

overlap because decision-making necessitates formulating arguments and dealing with 

counterarguments. Likewise, the subarea accessing information of communication and 

content knowledge should exhibit overlap because both areas require processing of presented 

information. Additionally, subject-specific language which is necessary for communication in 

chemistry promotes an existing overlap. Referring to Merzyn (2008) learning a subject is 

inextricably linked with learning its language. 

Thus, these research questions are derived: 
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RQ1: How does the competence area communication relate empirically to 

content knowledge? 

RQ2: How does the competence area communication relate empirically to 

evaluation and judgement? 

 

DESIGN AND METHODS 

A quantitative empirical design was used for data collection. To answer the research questions 

a paper-pencil-test for assessing communication competence in chemistry was developed. In 

order to realize different difficulty levels an empirical proved competence model (Kremer et 

al., 2012) was used. The model describes two difficulty generating dimensions (complexity 

and cognitive processes) and a subject specific dimension (area of competence). Cognitive 

processes (reproduction, selection, organization, integration) describe the cognitive operation 

necessary for students to solve the task. Complexity describes the amount of information 

students have to deal with to solve the task. With regard to communication the levels are 

defined hierarchically in Table 1. 

 

Table 1 

Complexity levels for communication 

1 fact One piece of information, characteristic of information or one element of an 

argument is needed for the solution. 

2 facts Two different pieces of information, two characteristics of one piece of 

information, or one characteristic of two unrelated pieces information are 

needed. 

1 relation Two pieces of information, two characteristics of one piece of information, 

one characteristic for each of two related pieces of information, or two related 

elements of an argument are needed.  

2 relations Three pieces of information, three characteristics of one piece of information, 

or one characteristic of different pieces of information are needed. 

basic concept Numerous pieces of information, characteristics of information must be 

considered for the solution. Furthermore, relations between claims, data, 

justifications or counterclaims etc. must be analyzed or used. 

 

107 items were constructed and distributed across 10 booklets in an incomplete block design. 

Each booklet consists of 2 blocks of 10 to 11 items each, and each block appears twice 

throughout the 10 booklets. In the main study, 496 students (Age: 14.6 years; SD = 1.04) from 

upper-track secondary schools and comprehensive schools were surveyed. The test was 

administered together with two pre-existing competence tests on content knowledge and 

evaluation and judgement and additional instruments for validation. To reduce the test time, 

the sample was divided into two subsamples (see Table 2). 
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Table 2 

Subsamples and instruments 

Sample 
Test on 

communication 

Test on 

content knowledge & 

evaluation and judgement  

Test on  

cognitive 

abilities 

C-Test 

Subsample I X X X  

Subsample II X X  X 

 

The test on content knowledge and evaluation and judgement consists of 24 items which were 

developed in consistence with the presented competence model (Hostenbach & Walpuski, 

2012; Walpuski, Ropohl, & Sumfleth, 2011). 

The test on cognitive abilities (Heller & Perleth, 2000) is used to control the influence of the 

intelligence; the C-test (Robitzsch, Karius, & Neumann, 2008; Wockenfuß & Raatz, 2006) to 

account for students’ achieved language level. 

 

DATA ANALYSIS AND RESULTS 

Due to the incomplete block design the probabilistic test theory (especially the Rasch-model) 

was used for analysis. Firstly, the model fit was assessed. For this, the infit-mean-square 

(MNSQ) and the associated standardized t-value were used. MNSQ-values between .75 and 

1.33 are acceptable (Wilson, 2005); with an MNSQ of 1.0 indicating perfect fit. Acceptable 

values for standardized t-values range between -2.0 and 2.0 with “0” denoting perfect fit 

(Bond & Fox, 2007). 

Additionally, EAP/PV reliability and item separation reliability were used for characterizing 

model fit. Both indices can show values between 0 and 1 and can be interpreted like 

Cronbach’s α (Bond & Fox, 2007). To investigate if the areas of competence communication, 

content knowledge and evaluation and judgement are interconnected, several Rasch analyses 

were run differing in the numbers of assumed dimensions. A uni-dimensional model would 

assume all three competences to be represented by a single latent variable. A three-

dimensional model renders each competence to be a separate construct, represented by their 

own latent variables. To decide which model fits best, model-deviance is crucial: the model 

with the lowest deviance fits best (Wu, Adams, & Wilson, 2007). Furthermore, the 

information criterions AIC and BIC and latent correlations will used to estimate the model fit. 

Competence test communication 

For the competence test communication two models were calculated. The first model is uni-

dimensional; the second model has three dimensions, one for each subarea of competence. 

 

Table 3 

1 D and 3 D model for communication 

Model Deviance AIC BIC Item Separation 

Reliability 

EAP/PV Reliability 

1 D 9256.45 9470.45 9918.81 .98 .74 

3 D 9215.95 9439.95 9909.27 .97 .67 .57 .64 
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For the comparison of the model-deviances a likelihood ratio test has been calculated and 

checked on significance with a chi-square test (∆Deviance = 40.5; ∆df = 5, p < .001). Based 

on this comparison and the AICs and BICs the three dimensional model fits better. The item 

separation reliability is good in both models. The EAP/PV reliability shows a better fit for the 

uni-dimensional model. For the three dimensional model the latent correlations between the 

subareas accessing information and circulating information (r = .84) and between accessing 

information and argumentation (r = .89) are high, the latent correlation between circulating 

information and argumentation (r = .72) has a medium range. Despite these high latent 

correlations the three subareas can be seen as separate areas. In PISA 2000 the latent 

correlation between reading literacy and scientific literacy is r = .87 (Artelt & Schlagmüller, 

2004). 

Comparison between communication and content knowledge 

Two models were calculated: 

- Uni-dimensional model (communication & content knowledge) 

- Four-dimensional model (accessing information – circulating information – 

argumentation - content knowledge) 

 

Table 4 

1 D and 4 D model for communication and content knowledge 

Model Deviance AIC BIC Item Separation 

Reliability 

EAP/PV Reliability 

1 D 11882.51 12120.51 12583.94 .99 .80 

4 D 11712.35 11968.35 12466.13 .95 .71 .56 .70 .64 

 

The likelihood ratio test is significant (∆Deviance = 170.16; ∆df = 4, p < .001). For the four 

dimensional model the latent correlations are between .62 ≤ r ≤ .87. Over all the four 

dimensional model shows a better fit. 

Comparison between communication and evaluation and judgement 

Two models were calculated: 

- Three dimensional model (accessing information – circulating information – 

argumentation & evaluation and judgement) 

- Four dimensional model (accessing information – circulating information – 

argumentation – evaluation and judgement) 

 

Table 5 

3 D and 4 D model for communication and evaluation and judgement 

Model Deviance AIC BIC Item Separation 

Reliability 

EAP/PV Reliability 

3 D 11189.18 11437.18 11920.09 .96 .71 .64 .78 

4 D 11150.33 11406.33 11904.81 .95 .80 .71 .75 .75 
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The likelihood ratio test is significant (∆Deviance = 38.85; ∆df = 4, p < .001). For the three-

dimensional model the latent correlations are between .79 ≤ r ≤ .84, and for the four-

dimensional model between .62 ≤ r ≤ .91. Over all the four-dimensional model shows a better 

fit. 

 

DISCUSSION AND CONCLUSION 

In the presented study a paper pencil test for the communication competence was constructed 

and administered together with two pre-existing competence tests on content knowledge and 

evaluation and judgement. With the collected data we analyzed if the areas of competence 

communication and content knowledge as well as communication and evaluation and 

judgement are empirically connected.  

Over all, the area of competence communication can be split empirically into three subareas 

(accessing information – circulating information – argumentation). The deviance, AIC, and 

BIC are lower in the three-dimensional model than in the uni-dimensional model. However, 

the latent correlations between the subareas accessing information and circulating 

information (r = .84) and between accessing information and argumentation (r = .89) are high 

and this could promote the uni-dimensional model. Referring to Walter (2005) the latent 

correlations are based on plausible values and no measurement errors are existent. With that 

the latent correlations are always higher than product-moment correlations but they also 

indicate related constructs, which fits to the fact that all three subareas are part of the same 

competence. 

The distinction between communication and content knowledge respectively evaluation and 

judgement is possible. The differences between the model fit values (Deviance, AIC, BIC) are 

small and significant. The latent correlations in the four-dimensional model concerning 

communication and content knowledge are in a medium range. Thus, these areas of 

competence can be seen as different dimensions. 

The latent correlation in the four-dimensional model for communication and evaluation and 

judgement are partly high and partly in a medium range (see Table 6). 

 

Table 6 

Latent correlations for communication and evaluation and judgment in the four-dimensional 

model 

Correlated areas r 

accessing & circulating .90 

accessing & argumentation .91 

circulating & argumentation .90 

accessing & evaluation and judgment .75 

circulating & evaluation and judgement .72 

argumentation & evaluation and judgement .62 

 

The medium latent correlations are between each subarea of communication and evaluation 

and judgment, and the high latent correlations are between the subareas of communication. 
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This shows that the areas of communication and evaluation and judgment are two different 

latent dimensions. 
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Abstract: In this study, we investigate Japanese university students’ opinions about the issues of bio-
ethics by questionnaire, and consider significance of bioethics in science education.  We investi-
gated their opinions about “genetic diagnosis”, “amniotic fluid examination”, “organ transplantation 
and brain death” and “preimplantation genetic diagnosis”, as examples of bioethical issues which are 
important component of biology education, from February to December in 2012.  

The results of the study are as follows: Firstly, on “genetic diagnosis”, 76% of the students want to 
have genetic diagnosis.  Secondly, on “amniotic fluid examination”, 71% of the students want to 
have this examination.  Thirdly on “organ transplantation and brain death”, 79% of the students 
approved “conditional promotion”, or “promotion”.  So the majority of students had positive opi-
nion toward “genetic diagnosis”, “amniotic fluid examination” and “organ transplantation”.   Fi-
nally, on “preimplantation genetic diagnosis” in order to treat the first child who is suffering from 
“Fanconi anemia”, 35% of the students approved “conditional restriction”, that is, “We should not 
request the second young child who has no will to become the means of the treatment.”.  The 
number of students answering “restriction” or “negation” was 30%.  Thus the majority of students 
(65%) had negative opinion. 

Japanese students who study about the issues of bioethics were only 15% in upper secondary school.   
Bioethics relates closely to the body and life of living things, so we would propose that issues of bio-
ethics should be taught in lower and upper secondary school science. 
 
Key words: bioethics, genetic diagnosis, organ transplantation and brain death, preciousness of life, 
science education 

 

INTRODUCTION 

Bioethics relates to every aspect of life in nature and social environments.  In recent years, the ne-
cessity of guidance about the “preciousness of life” has been proposed by many researchers for 
science education.  However, our previous research has revealed that in Japan, implementation rate 
of bioethics education in lower secondary school was about 20%, and in elementary schools and up-
per secondary school, it was only about 10%. And Japanese students usually study about the issues 
of bioethics at classes such as “Integrated studies”, “Contemporary society and Ethics” and 
“Science” in upper secondary school (Iwama et al., 2012a).  
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In this study, we investigated Japanese university students’ opinions about the issues of bioethics by 
questionnaire.  We investigated their opinions about “genetic diagnosis”, “amniotic fluid examina-
tion”, “organ transplantation and brain death” and “preimplantation genetic diagnosis” by question-
naire, as examples of bioethical issues which are important component of biology education.  

 

METHODS  

We investigated Japanese university students’ opinions by questionnaire (Table.1).  The question-
naire is based on Umeno et al. (2012) and Iwama et al. (2012b). 

(1) Objects: Japanese university students 
Univ. A: Faculty of Culture and Sport Policy, Univ. B: Department of Nursing, Univ. C: Training of 
school teachers, Univ. D: Faculty of Economics. 

(2) Numbers of respondents 
Univ. A: 151 (111 males, 40 females), Univ. B: 63 (2 males, 61 females), Univ. C: 51 (34males, 
17females), Univ. D: 151 (128males, 23females).  Total: University A+B+C+D = 416 (275 males, 
141 females).  University A+B+C = 265 (147 males, 118 females) 

(3) Date: February to December 2012 

(4) Themes of the investigation 
Theme 1: Learning experience about the issues of bioethics in the school education 
Theme 2: Comparison with past data about opinions on “organ transplantation and brain death” 
Theme 3: University students’ opinions on “genetic diagnosis” and “amniotic fluid examination” 
Theme 4: University students’ opinions on “organ transplantation and brain death” and “preimplan-
tation genetic diagnosis”  
Theme 5: University students’ opinions about the issues of bioethics in general 

 
 
Table 1 
Questions in the questionnaire about the issues of bioethics. 
 

 
Questions  

Q1) Have you ever learned about the issue of bioethics in the school education? 

Q2) “Organ transplantation and brain death” 
“Organ transplantation and brain death” are so disputed in Japan. How do you think about organ transplanta-
tion and brain death?  Please choose one answer among these five alternatives. 
1. I accept neither brain death nor organ transplantation. (Negation)  
2. I do not accept the brain death. I accept only the transplant of such as kidneys irrelevant to the death of 
another person. (Restriction) 
3. I do not accept brain death. I accept only transplant of such as kidneys irrelevant to the death of another 
person. I hope that artificial organ will be developed. (Conditional restriction)  
4. I accept both organ transplantation and brain death. I hope that artificial organ will be developed. (Condi-
tional promotion) 
5. I accept brain death and the promotion of organ transplantation. (Promotion) 

Q3) “Genetic diagnosis” 
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“Genetic diagnosis” can inform us not only of our present physical condition but also the possibility of coming 
down with disease in the future.  Would you want to have a genetic diagnosis, if this examination were 
available for any applicant? Please choose one answer among these four alternatives. 
1. I strongly hope so.  2. I hope so.  3. I do not hope so.  4. I strongly do not hope so. 

Q4) “Amniotic fluid examination” 
We can easily check whether your fetus has any congenital disease such as Down’s syndrome or not by the 
amniotic fluid examination.  Would you want to have an amniotic fluid examination for yourself (or your 
spouse), when you (or your spouse) were pregnant?  Please choose one answer among these four alternatives. 
1. I strongly hope so.  2. I hope so.  3. I do not hope so.  4. I strongly do not hope so. 

Q5) “Preimplantation genetic diagnosis” 
In France, by a revision of laws on bioethics in 2004, the indication of the preimplantation diagnosis was ex-
tended.  This means that, in order to treat the first child who is suffering from Fanconi anemia, giving birth to 
a second child who is HLA compatible with the first, with the aid of that diagnosis, is now permitted by law 
(Binet 2005).  The donation of parts of the body for this treatment must be based on voluntary self-sacrifice in 
conformity with the principle of autonomy (Koide, 2009).  What do you think about that the request to the 
second child become the means of treating the first child?  Please choose one answer among these five alter-
natives. 
1. I am against the delivery of the fitting second child of the HLA type using the preimplantation genetic diag-
nosis. (Negation)  
2. We should not request the second child to become the means of the treatment. (Restriction)  
3. We should not request the second young child who has no will to become the means of the treatment. (Con-
ditional restriction)  
4. The some sacrifice (collection of marrow and the blood) of the second child is unavoidable to save the life of 
the first child. (Conditional promotion)  
5. The sacrifice (including the extraction of one kidney) of the second child is unavoidable to save the life of 
the first child. (Promotion) 

Q6) Please describe your opinion on the issues of bioethics. 

 
 

RESULTS  

Learning experience about the issues of bioethics in the school education 

Figure1 shows “Learning experience about the issues of bioethics in the upper secondary school”, as 
responses of the question “Have you ever learned about the issue of bioethics in the school educa-
tion?” 

Only two students learned about the issues of bioethics at the lower secondary schools.  At the up-
per secondary schools, the percentage was 15% (39 of 265). 

They had learned as subject at the upper secondary schools, “Science” was 17 students, “Contem-
porary society and Ethics” and “Integrated studies” were 8, and “Health and physical education” was 
6.  And the content that they had learned, “Organ transplantation and brain death” was 15 students, 
“Life and Birth” was 12, “DNA, iPS cell and Clone” was 7 and “Death with dignity and Terminal 
care” is 2.  
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Figure 1. Learning experience about the issues of bioethics in the upper secondary school (Subjects).  
Remarks: 265 students (male: 147, female: 118).  Number: Number of respondents. 
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Figure 2. Learning experience about the issues of bioethics in the upper secondary school (Contents).  
Remarks: Experienced students (39 of 265 students, 43 cases).  Number: Number of respondents. 
 
 

Comparison with past data about opinions on “organ transplantation and brain 

death”  

Figure3 shows university students’ opinions on “organ transplantation and brain death” together with 
the data of previous studies of other researchers for upper secondary school students.  Two graphs 
from the bottom on Figure3 are university students’ opinions. 

University students: Students who chose “conditional promotion” were 54% in 2011, and 58% in 
2012.  And “promotion” was 17% in 2011, and 18% in 2012.  So the great majority accepted the 
promotion of organ transplantation.  There is no significant difference between 2011 and 2012, ac-
cording to a statistical test (Chi-square test). 

Upper secondary school students3): The number of “promotion” was 41% and “conditional promo-
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tion” was 35% in 2006 (Saruta et al. 2007).  There is a significant difference between 2006 and 
2012, according to a statistical test. 
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Figure 3. Students’ opinions on “organ transplantation and brain death”.   
Remarks: 1995:2142 students, 2002:1967 students, 2006:1699 students (Saruta et al. 2007), 
2011:226 Univ. students (Iwama et al. 2012a), 2012:416 Univ. students. 

 

Opinions on “genetic diagnosis” and “amniotic fluid examination” 

Figure4 shows university students’ opinions on “genetic diagnosis” and “amniotic fluid examina-
tion”.  Firstly, on “genetic diagnosis”, the students who chose “I hope so” were 40% of the students 
(107 of 265), and “I strongly hope so” were 36% (95).  “I do not hope so” was 17% (45) and “I 
strongly do not hope so” was 7% (18).  So the majority of students had positive opinion toward 
“genetic diagnosis”. 

The examples of positive opinions are as follows: “if we can know about disease, we can try to take 
preventive measures”, and “we are prepared for it, if we can know about disease”.  And the exam-
ples of negative opinions are as follow; “A gene is the most personal information”, and “one can be 
discriminated against by the results of diagnostic genetic testing”. 

Secondly, on “amniotic fluid examination” 38% of the students (101 of 265) chose “I strongly hope 
so”, and “I hope so” was 33% (87).  “I do not hope so” was 19% (51) and “I strongly do not hope 
so” was 9% (24).  So the majority of students had positive opinion toward “amniotic fluid exami-
nation”. 

The examples of positive opinions on “amniotic fluid examination” are as follows; “I feel that we 
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cannot make our minds to face a child with a serious hereditary disease, without foreknowledge”, 
and “I do not want to make a child feel painful”.  And the examples of negative opinions are as 
follows; “I think that we should bring up any given child tenderly”, “It seems that it can lead to 
screening of an embryo”, and “I admire diagnosis and medical treatment at a gene level, but I doubt 
whether we should intervene in such a level. 

There is a significant correlation between “genetic diagnosis” and “amniotic fluid examination”, ac-
cording to a statistical test. 
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Figure 4. University students’ opinions on “genetic diagnosis” and “amniotic fluid examination”. 
Remark: 265 students (male: 147, female: 118) 
 
 

Opinions on “organ transplantation and brain death” and “preimplantation 

genetic diagnosis” 

Figure5 shows university students’ opinions on “organ transplantation and brain death” and “preim-
plantation genetic diagnosis”.  Firstly, on “organ transplantation and brain death”, 60% of the stu-
dents (158 of 265) approved “conditional promotion”, and “promotion” was 19% (51).  So the 
majority of students (79%) had positive opinion toward “organ transplantation and brain death”. 

“Preimplantation genetic diagnosis” is argued in many countries such as U.S.A., Japan, European 
countries and so on (Bennett, 2005; Binet, 2005; Liu, 2007; Koide, 2009).  On “preimplantation 
genetic diagnosis” in order to treat the first child who is suffering from “Fanconi anemia”, 35% of 
the students (92 of 265) approved “conditional restriction”, and “restriction” or “negation” was 30% 
(57+24).  Thus the majority of students (65%) had negative opinion.  There is no significant cor-
relation between “organ transplantation and brain death” and “preimplantation genetic diagnosis”, 
according to a statistical test.  For this test, it is thought that the opinions are different from “organ 
transplantation and brain death” and “preimplantation genetic diagnosis” on each personal view-
points and situations. 
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Figure 5. University students’ opinions on “organ transplantation and brain death” and “preimplanta-
tion genetic diagnosis”.   
Remark: 265 students (male: 147, female: 118) 
 
 

Free descriptions about the issues of bioethics 

From the free descriptions by students, we had many good opinions.  The examples are as follows:, 1) 
“I imagine that the second child may feel very sad, when he or she doubts whether his or her existence 
should be conceived as means of saving the first child.  At the same time, I can acknowledge the parents’ 
desires to save the first child.  We can think freely.  I feel it is a very difficult problem.”  2) “My younger 
brother has weak kidneys.  He will get one kidney from our father by organ transplantation three years later.  
As member of the family, I sincerely hope that the operation will save him”.  3) “The more people know 
about the issues of bioethics, the more they may be more tolerant.  I think that the issues of bioethics 
should be learned at the lower and upper secondary schools.”  4) “The issues of bioethics should not be 
given a final answer.  We can think freely.  Therefore we should be tolerant of different points of view.  I 
wish that medical progress will contribute to saving precious lives.” 

 

CONCLUSIONS 

On “genetic diagnosis”, 76% of the students want to have genetic diagnosis, and on “amniotic fluid 
examination”, 71% of the students want to have this examination.  And on “organ transplantation 
and brain death”, 79% of the students approved “conditional promotion”, or “promotion”.  So the 
majority of students had positive opinion toward “genetic diagnosis”, “amniotic fluid examination” 
and “organ transplantation”.  However, on “preimplantation genetic diagnosis” in order to treat the 
first child who is suffering from “Fanconi anemia”, 35% of the students approved “conditional re-
striction”, that is, “We should not request the second young child who has no will to become the 
means of the treatment.”  The number of students answering “restriction” or “negation” was 30%.  
Thus the majority of students (65%) had negative opinion. 

Japanese students who study about the issues of bioethics were only 15% in upper secondary school.   
Bioethics relates closely to the body and life of living things, so we would propose that issues of bio-
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ethics should be taught in lower and upper secondary school science. 

The students thought that it was important to learn about bioethics.  And we thought this investiga-
tion was good opportunity for the university students think about bioethics.  We hope the each stu-
dent has interested in issues of bioethics and think about it carefully in future. 
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COHERING WITHOUT CONVERGING: STUDENTS’ 
USE OF DOXA, NORMS AND VALUES WHILE 

DEBATING ABOUT SSI (MEXICO, USA, FRANCE) 
 
Claire Polo, Christian Plantin, Kristine Lund, Gerald Niccolai1 
1 The four authors are members of the ICAR Laboratory, France (http://icar.univ-lyon2.fr/). 
 
Abstract: Socio-Scientific Issues have become legitimate objects for science education 
research (e.g. Aikenhead, 1992; Gayford, 2002; Kolsto, 2001; Simonneaux & Simonneaux, 
2009; Zeidler et al., 2005). They require that students elaborate their opinions, both by 
mobilizing their knowledge and by making political and/or ethical choices. However, 
implementing such pedagogical situations at school raises questions for teachers and some 
fear that such debates could end up becoming a relativistic empty fight of opinions (Albe, 
2009). Our study of a corpus of 10 debates about drinking water management in Mexico, 
the US and France shows that students do not necessarily fall into this trap. They use 
principles (doxal laws, procedural norms and values or fundamental norms) that are 
strongly established within their respective communities to argue and evaluate each other’s 
arguments.  

We first show an inventory of the principles observed in our corpus, distinguishing 
1)“doxal laws”, knowledge or beliefs based on doxa and presented as facts; 2) “procedural 
norms”, rules about how one should argue and 3) “fundamental norms”, ethical/moral 
values. A striking result is that most of those principles are common among the three 
countries.  

We then discuss a communicative hypothesis that can explain why such principles seem so 
widely shared. The interactional structure of the argumentative use of general principles in 
conversations leads to typical co-occurrences of strongly linked principles. Having to 
collectively cohere even though they may not be converging, the students need to position 
themselves toward the doxal laws, procedural norms or values they use to argue with each 
other. Therefore, regularity and variations can be analyzed in terms of typical 
argumentative scenarii of opposing principles. 

Keywords: argumentation, interaction, values, norms, socio-scientific issues 

 

INTRODUCTION 
Theoretical background 
In the research literature on science education, Socio-Scientific Issues (SSI) have become 
legitimate objects for research and teaching (e.g. Aikenhead, 1992; Gayford, 2002; Kolsto, 
2001; Simonneaux & Simonneaux, 2009; Zeidler et al., 2005, Zohar & Nemet, 2002). 
They have two main characteristics. The first is that such issues must be open-ended and 
affect society. Second, elaborating an opinion on such issues requires a person both to 
mobilize knowledge and to make political and/or ethical choices. Even if there has been a 
call for developing children’s ability to deal with SSI, their implementation at school is 
still very difficult and faces opposition from some teachers who fear that they will give rise 
to a relativistic empty fight of opinions (Albe, 2009).  

From a research standpoint, little is known about how to assess students’ argumentation 
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concerning SSI. The literature raises the role of four factors affecting the quality of 
student’s debates on SSI: 1) basic knowledge is necessary but not sufficient (e. g. Lewis & 
Leach, 2006); 2) the quality of student-student interactions is essential (e.g. Mercer, 1996; 
Albe, 2006); 3) students’ understanding of the socio-scientific nature of the issue leads to 
deeper conclusions (e.g. Driver et al., 1996); students’ epistemological values affect their 
way of arguing and the kind of solutions they might consider (e.g. Désautels & Larochelle, 
1998; Sandoval, 2005). 

Pedagogical situation 
This study has been done in a “semi-formal” educational environment: the pedagogical 
situation is an extra-curricular activity held in the classroom, and not led by the teacher. 
Debate leaders are specially trained 15-17 year-old students and participants are 12-14 
year-old students. Our corpus is based on 10 occurrences of a 90-to-110-minute-“scientific 
café” activity videotaped between November 2011 and May 2012, in Mexico, the USA and 
France. The “scientific café” is about drinking water management and is organized around 
a QCM-type diaporama.  

The activity goes through 3 thematic parts, each one consisting of several “knowledge 
questions” (KQ) including correct answers and explanations, and one “opinion question” 
(OQ) to be debated. For each OQ, the students 1) debate in small group and chose one 
common answer; 2) debate at the class-level defending their group answer and/or 
expressing personal views; 3) vote individually and anonymously. At the beginning of the 
activity, the students individually and anonymously vote about a main question (MQ), 
which is an OQ-type question. They return to this question at the very end of the café, then 
pass through the three phases composed of group debate, class debate and individual vote. 

The corpus analyzed comprehends students’ discussions in small-group an class-group 
about the MQ for the 10 cafés, and, for 6 of them (2 in each country), also small-group and 
class-group debates about the 3 other OQ. 

CONCEPTUAL FRAMEWORK  
Students’ discursive work: knowledge, norms and emotions as 
argumentative resources 
When they argue, the students work to produce a discourse defending their conclusion. 
Such work is based on both logical reasoning and the “argumentativity” of language itself 
(Anscombre et Ducrot, 1997 [1984]). Content and rhetorical style are inextricably linked. 
Figure 1 gives a global model of the argumentative work of the students, defined as the use 
of 3 types of resources: elements of knowledge-belief, norms (behavioral rules and values) 
and emotions. At the discursive level, students build their arguments and argumentatively 
orient their discourse using more or less explicit logico-linguistic deductions or inferences. 
At the meta-discursive level, the students criticize and evaluate the arguments, referring to 
their conception of what is a good argument or a right way to argue and debate.  

In their conversation, the students use these three types of resources jointly, sometimes 
even in the same sentence. For instance, some knowledge elements can be supporting 
(«backing» in Toulmin’s words) or illustrating some norms. Moreover, fundamental norms 
often consist of moral judgments of some regularities the students present as facts 
(knowledge elements). Emotional framing or “schematisation” (Grize, 1997) of the issue is 
also supported by knowledge elements, described in more or less pleasing ways depending 
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on the argumentative conclusion which is being defended (Polo et al., 2013). Such 
emotional framing is also based on the norms that are used as criteria to distinguish 
between what is more or less desirable.  

	  
Figure 1. Argumentative resources: typology and interactions. To argue about a socio-scientific 
issue, students use all together knowledge, emotions and norms. 

Doxal laws and norms: a typology 
During the "scientific café”, the students commonly use general principles to justify their 
ideas and strengthen their arguments. A global inventory of those general statements led to 
a typology into three categories, defined both by the interactive treatment of the principle 
(a) and the kind of objects its content refers to (b). 
Doxal laws (L) are introduced in students’ discourse as non-controversial and obvious 
facts (a). They are based on the doxa or endoxa (Rocci, 2006), which means elements of 
knowledge coming from daily experience and/or culturally shared (b). Doxal laws may 
correspond to school knowledge or scientific knowledge (episteme) but it is not obligatory 
that they do so. 

Fundamental norms (F) are not always presented as obvious shared ideas, and sometimes 
need to be justified using knowledge elements about which a moral judgment is made (a). 
Their content does not refer, by itself, to knowledge, but rather to moral or ethical values 
(b). Such fundamental norms are used to evaluate arguments and alternative options (a).  

Last but not least, procedural norms (P), in opposition to the two first kinds of principles, 
do not work at the discursive level but at the metadiscursive level. Their interactive 
treatment is similar to the one of doxal laws, since they are often presented as obvious 
rules, but they have the power to shift the conversation from the discursive to the 
metadiscursive level (a). They correspond to particular elements of the doxa, dealing with 
behavioral rules applying to the communication situation (b). Procedural norms include 
considerations about 1) politeness in ordinary or argumentative interactions (Brown & 
Levinson, 1980; Plantin, in press, p. 369); 2) the interactional context; 3) and, more 
specifically, the long-term framework ruling classroom’s activities (Brousseau, 1998); 4) 
students’ beliefs about what is a good argument (ordinary argumentative norms, Doury, 
2006), and, specifically, what a “scientific” argument is (epistemic values, Désautels & 
Larochelle, 1998; Sandoval, 2005). 
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METHODOLOGY 
This study combines quantitative and qualitative methods. First, a global inventory was 
made to identify the general principles used by the students and to quantify their frequency 
among the different countries. Then, qualitative case studies were done with a microscopic 
perspective to explore a hypothesis about why most of the principles were common to the 
three countries. Each methodological step is described below. 

1. Transcripts  
For MQ, all debates were completely transcribed using Transana software and ICAR 
transcription conventions (detailed at http://icar.univ-lyon2.fr/projets/corinte). For the 3 
other OQ, only relevant parts of students’ discussion were transcribed.  

2. Identification of principles 
Transcripts and videos were then analyzed in order to identify general principles and group 
them into categories. This step resulted in recognition of different occurrences of a same 
principle, and of distinguishing between doxal laws, procedural norms and fundamental 
norms. In order to take into account the complexity of authentic conversations, and the 
polyfunctionality of discourse elements, a single sentence was sometimes considered as 
containing a reference to several principles.  

3. Quantification of principles’ occurrences 
After identification of the principles and their occurrences, the frequency of each principle 
was calculated for each country. This step marks the differences and similarities in the 
nature and quantity of principles used by the students in each school. Evaluating the 
principles’ frequency also revealed that some principles could be considered to be less 
significant than others. 

4. Exclusion of non-significant principles 
We decided to exclude low-frequency principles (under 2 occurrences) and principles 
strongly linked to local contingencies from the inventory. Principles that only appeared in 
one café and that corresponded to topical digressions were excluded from the analysis. 
This was also the case for principles referring to local contexts that could not be compared 
to other countries (national socio-economical situation, previous school activities, etc).  

5. Isolation of common principles and local specificities 
Within the corpus of principles created from step 1 to 4, those occurring at least once in 
each country were considered “common principles”. Still, some of those common 
principles were more frequent in some countries than in others. Some principles also 
proved to be specific to one country, or specifically absent in one country.  

6. Testing an hypothesis through micro-case studies  
The global inventory results drove the analysis to explain the large quantity of common 
principles. The regularities observed among the corpus’ data enabled to argue that the co-
occurrence of some principles could be explained by modeling the use of the 
conversational structure of general principles. We then developed a micro-case study that 
led to interpreting such co-occurrences in terms of typical argumentative scenarii opposing 
strongly connected principles. 
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RESULTS 
1. Global inventory results:  a focus on common principles  
During the global inventory, 96 doxal laws, 51 fundamental norms and 37 procedural 
norms were identified. After excluding the non-significant principles, we obtain the 
striking result that most of the principles are used by students in all three countries.  

1.1 Common doxal laws 
Among all the doxal laws, 41 were considered significant, 21 of which are common to the 
three countries. These common doxal laws are reported in Table 1. Each law was given a 
number, corresponding to when it was first identified in the corpus.  

	  1.2 Common fundamental norms (values) 
There were 22 fundamental norms shared among the three countries, out of the total 
amount of 35 significant fundamental norms (Table 2). Obviously, the fact that some 
students used each one of these norms in each country does not mean that all French, 
Mexican and American students agreed on them. Actually, some fundamental norms listed 
here are strongly opposed to each other. For instance F11, the survival of the fittest, is 
pretty much contrary to F2, the idea that having access to water is an unconditional right. 

1.3 Common procedural norms  
Out of the 37 procedural norms identified, 26 were considered significant. Nineteen of 
them were used by students from all three countries (Table 3). Similarly to what happens 
for fundamental norms, some opposed procedural norms are reported. As an example, rule 
P16 that frames the exercise as a technical problem-solving process is contrary to rule P27 
that establishes the conversation as a debate about an open-ended, controversial issue.  

It is interesting to notice that several of the procedural norms used by students in the three 
countries correspond to classical principles of argumentation theory. Such rules are used in 
critical argumentation studies to distinguish between good arguments and fallacies 
(Meuffels & van Eemeren, 2002). Some are used in a similar way by the students, for 
example the accusation of the ignoratio quaestionis fallacy (not sticking to the issue being 
discussed, P7). Others are used in an opposing way, such as the ad hominem strategy: the 
students focus on the fact that you must not contradict yourself in a debate, P4 (producing 
neither contradictory discourse nor acting in a manner that is contradictory to what you 
say). In doing so, they produce typical ad hominem arguments without considering them to 
be fallacies. 
How can the predominance of common principles in this global inventory be explained? In 
the next section, a communicative hypothesis is suggested, based on an analysis of the 
interactional structure of the argumentative use of general principles in dialogues. 
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Table 1 

Doxal Laws used by students in the three countries (21/41) 

Nber Doxal Law  

L1 la gente rica va a tener más disponibilidad al agua\   (rich people are going to have better access 
to water\) 

L7 l'eau elle va dev'nir d'plus en plus chère\   (water’s gonna be more and more expensive\) 

L8 des pays qui (…) arriveront pas à suivre et des: des personnes qui n'arriveront pas à 
suivre   (countries that (…) won’t be able follow up and some : people who won’t be able to follow up) 

L13 quand t'es habituée à faire un truc tu vas pas changer   (when you’re used to doing something 
you won’t change) 
 

L18 en algún tiempo va a haber menos agua   (some day there gonna be less water) 

L20 y'a des pays où y'a beaucoup moins d'eau que: dans d'autres   (there are some countries 
where there’s much less water than: in others) 

L22 on peut s'déplacer\    (one may move\) 

L27 souvent les avancées scientifiques (…) bah: elles ont été euh: bonnes pour euh: des 
pays riches\   (scientific advance has often been (…)  been em: good for em: rich countries\) 

L28 pour les avancées scientifiques faut d'la tunne   (for scientific advance there must be money) 

L29 parce que: à l'heure qu'il est c'est pas rapport à A   (because: nowadays it’s it corresponds to A) – 
what is true today will be true tomorrow 

L30 la: naturaleza no se puede cambiar\   (nature can’t be changed\) 

L38 we pretty much created our water problem with our usage of water how much we've 
consumed it and how we polluted it – mankind is destroying the planet    

L41 plus t'économises l'eau et c'est clair qu't'en auras plus longtemps   (the more you save water 
the longer you’ll have water obviously) 

L42 we found a way to de:salitize the water\    

L43 el agua es indispensable para la vida humana\   (water is indispensable for human life\) 

L45 we're definitely wasting water    

L47 moins y'en a plus plus ça d'vient rare plus ça d'vient cher c'est logique\   (the less there is 
the scarcest it becomes the more expensive it becomes that’s logical\) 

L48 generally (…) a lot of policies have to go through – a long time is needed before you can 
see the impact of scientific advance 

L54 nature is already degrading 

L72 y'a des avancées scientifiques en c'moment   (scientific advance is happenning now) 

L77 if if it was free there'd be someone who'd misuse it\ 
Note. The table does not present a generic statement, but one emblematic occurrence for each law (translated into English). 
When the students’ quote was not clear enough, a general statement was added (in italics). The same conventions are 
used for Tables 2 and 3. 
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Table 2 

Fundamental Norms used by students in the three countries (22/35) 

Nber Fundamental Norm  

F1 so that it's cost-effective 

F2 l'droit à l'eau potable   (the right to have drinking water) 

F3 what we do now will break the em you know who has access to water drinking water in 
the future 

F4 c'est pas nous qui changerions l'monde\   (it’s not us who’d change the world\) - we cannot 
avoid fatality  

F6 science is always the answer\ 

F8 se está acabando el agua y pues] qué compras después con el dinero\    (water is 
disappearing and then what will you buy after with money\) – money is less important than water 

F10 si podría ser triste (...) terminar (...) que los ricos tendrán el agua que quieran y los 
pobres no   (yes that could be sad (…) ending up (…) that rich people have as much water as they want 
and poor people haven’t) 

F11 ce s'ra la loi du plus fort   (it’s gonna be the survival of the fittest) 

F12 hay que ahorrar el agua   (water must be saved) 

F13 j'partage moi\    (I do share\) – we should share things, help each other - altruism 

F14 on la distribue à des personnes qui en ont besoin\    (we give it away to the people who need it\) 
– fundamental needs must be satisfied 

F15 tenemos que guardar a futuro para nuestros hijos\   (we must keep for the future for our sons\) – 
we must think of next generation’s welfare 

F16 bah oui l'argent ça r'vient à tous les coups c'est sûr   (of course money is always in that’s for 
sure) – people are only interested in money 

F19 the people are not aware like the water like issue 

F21 pour euh: la terre\   (for em: the Earth\) – we must take care of the planet 

F25 we messed it up so we have to fix it ourselves – responsibility principle 

F27 ayudando a casi toda (…) la poblacion de los paises hasta del mundo\   (helping almost all 
the population of the countries even of the world\) – people (countries) are altruist 

F32 no funcionaría porque habría personas que no tendrían agua y se morirían\   (it wouldn’t 
work because there’d be some people who wouldn’t have water and who’d die\) 

F39 je sais pas pourquoi on sacrifierait notre hygiène de vie pour l'eau/   (i don’t  see why would 
sacrify our lifestyle for the water/) 

F40 that's racist\ 

F42 el agua nada más va a servir para ti/   (the water would only be available to you/) – you must be 
altruist 

F43 j'ai pas envie d'faire chier mes parents   (I don’t wanna be bothering my parents) – you should 
take care of your family 
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Table 3 

Procedural Norms used by students in the three countries (19/26) 

Nber Fundamental Norm  

P2 est-ce que tous les pays pourront faire ça/   (could all the countries do that/) – Think globally 

P3 Counter-examples are good refutations 

P4 You should not contradict yourself (ad hominem) 
 

P6 el realismo (…) lo que yo tomé en cuenta es la situación   (realism (…) what i took into account 
was the situation)  

P7 on parle d'l'eau là on parle pas des voitures\   (we’re talking about water not cars\) - ignoratio 
quaestionis fallacy 

P10 if you’re hesitating between two options, you must chose the one that implies the other 
(arguments based on causality) 

P11 il suffit pas d'être riche\   (being rich isn’t enough\) – you must consider a cause which is 
necessary and sufficient 

P15 ça marche pour maintenant mais pour euh à un moment ça marchera plus\   (it’s working 
now but after a while it won’t work any more\) – we must find a long-term solution 

P16 it's about water it's not about politics\  - it’s a technical, non-controversial issue 

P17 lo que dirá la mayoría\   (what majority will say\) 
 

P18 entonces entonces qué/   (and then then what/) – if you reject a proposal, you must make an 
alternative one 

P20 why is it and how is it A/ - you must justify your claims 
 

P21 you can't conserve water if you don't have water\ - your reasoning must be universal, 
possibly applied to anyone 
 

P22 t si podría ser triste (...) terminar (...) que los ricos tendrán el agua que quieran y los 
pobres no\ (...) si tiene razón   - you can argue about what is desirable 

P23 cómo le vas a explicar/   (how are you gonna explain it/) – we must chose an option that we 
can easily justify 

P26 elle écoute pas\ elle parle elle écoute pas\   (she doesn’t listen\ she talks she doesn’t listen\) – we 
must listen to each other 

P27 il y a plusieurs réponses\   (there are several answers) – it’s not a right-or-wrong question but 
a controversial issue 
 P28 madame c'est quoi la réponse/   (what’s the answer miss/) 

P30 y quién ganó/   (and who won/) – debating is a competitive activity 
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2. Communicative hypothesis  
This corpus shows regularity in the argumentative use of general principles, in terms of 
interactional dynamics. These regularities — presented in the form of a communicative 
hypothesis — could explain why so many common principles were found across the three 
countries. In what follows, we first present a model of the conversational structure of the 
argumentative use of principles (2.1). Then, we give a few examples from the American 
part of the corpus to show how this model enables the analyst to describe such data (2.2). 
Finally, we use a case study to specify the communicative hypothesis we make.  

2.1 Conversational structure of the argumentative use of general principles 
The model of the conversational structure of the argumentative use of principles presented 
in this section echoes the study of Muntigl and Turnbull (1998) about the conversational 
structure of ordinary argumentation. They showed that face-work strongly constrains 
argumentation, a phenomenon studied through typical sequences of 3 conversational turns: 

T1. A Proposition 
T2. B More or less « face-damaging » disagreement with T1 
T3. A Support to T1 or direct refutation of T2 

At turn 1, speaker A makes a proposition. At turn 2, speaker B expresses a disagreement 
with this proposition. The authors showed that the more face-damaging T2 is, the more 
likely A, at T3, will support the initial claim he made (T1).  On the contrary, the less face-
damaging that T2 is, the more likely A will directly react to it at T3.  
Similarly, the argumentative use of principles can be modeled, as shown in Figure 2.  

	  

Figure 2. Model of the conversational structure of the argumentative use of principles. Students 
may use 4 strategies (and possibly combine them) to react to the argumentative use of principles. 
X can be speaker A, speaker B, or another speaker. 

At T1, a speaker X makes a proposition. Secondly, speaker A uses a general principle (g) 
to support or refute the proposition made at T1. In some cases, the same speaker may make 
a proposition and immediately use a principle to support it (X=A). At T3, another speaker 
B (A≠B) expresses a disagreement with A. Here, B can either accept or reject the principle 
g used by A at T2. If the principle g is accepted, B may have two strategies: 1) show that 
the proposition made at T1 conforms to g (when g was used to refute it; if it was used to 
support it, strategy 1 consists, on the contrary, in showing that it does not conforms to 
g) and/or 2) showing that g cannot apply in this context. If B rejects the princple g, he can 
elaborate two other strategies: 3) directly refute g itself and/or 4) use an alternative 
principle g’ leading to an opposing conclusion. In strategy 4, the newly mentioned 
principle, g’, is generally presented as superior to g (g’>g). 
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2.2 Examples from the American sub-corpus  
Each one of the 4 strategies described above was observed in all three countries. Here we 
only have space to show a few examples from the American part of the corpus. 

During the 4th scientific café held in Kenosha, the debate taking place at table 1, about 
how the price of water should be determined (OQ3), offers a typical example of strategy 1. 
Gabriel is using the procedural norm P2 (we must think globally) to refute Erick’s 
statement that free drinking water is a « horrible idea ». Erick then actively tries to show 
that his statement conforms to P2. His turns corresponding to T3 in the model are in bold: 
1. CAT  [yeah\ 
2. ERI  [free drinking water sounds like a horrible idea\ 
3. GAB  yeah\ 
4. ERI  'cause we [we'll be out of drinking water in like days\  
5. GAB                    [that's th-  
6. ERI  ((laughs)) 
7. GAB  that would be: [absolutely 
8. CAT          [yeah\ 
(.) 
9. CAT  we [could all like (inaud.) 
10. GAB             [well we're thinking usa again\ we're thinking US again\ 
(.) 
11. ERI  [well even from a worldwide standpoint\ 
12. GAB  [like free drinking water is terrible yeah\ but the reason you gave me was strictly US and so was 

                                my government\ 
13. ERI  even from a worldwide standpoint though 

In the same scientific café, discussing the same issue, the students at table 2 provide us 
with a clear example of strategy 2. Sean is the only one defending option a (water should 
be free), and he supports his position using the procedural norm P17 (the majority is right). 
He does so in mentioning that another small group of students, at the next table, is going to 
vote for option a. But Rick, without rejecting P17, denies the fact that it could apply here, 
arguing that table 6 is not actually going to vote a but only pretending to do so: 

1. SEA okay <((pointing at T6)) they're voting A\> 
2. RIC no they're not\ they're lying to you\ 

The third strategy can also be illustrated by another extract of their discussion. Rick claims 
that people currently have enough water to live. Sean disagrees using two different 
principles: the procedural norm saying that we must think globally (P2) and the 
fundamental norm of altruism (F27). After a long pause, at turn 3, Rick directly rejects 
those norms, instead focusing on his own personal situation: 

1. RIC people do have water to live\ 
2. SEA and the people in the world that don't have water/ 
 (1.6) 
3. RIC i have water\ 

The example chosen for strategy 4 is also taken from a discussion on how the price of 
water should be determined, this time coming from the 3rd café held in Kenosha. At T2, 
Pamela uses the fundamental norm of social equity (F10) to support Sabrina’s proposition 
to choose option D (the price of water should depend on family income). Sabrina, at turn 4, 
strengthens this argumentation by referring to the fundamental norm of responsibility 
(F25) supporting F10. Louise first uses a type-1 strategy showing that option D could 
benefit people who are misusing the water (turn 5). At turn 9, she continues along this 
strategic line, elaborating on individual responsibility in belonging to a certain social 
group. But Louise does not directly oppose the fundamental norm of social equity (F10). 
She rather promotes the alternative fundamental norm, adopting a type-4 strategy, and 
refers to absolute equity instead of relative equity as a framework for judging what is fair 
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(turns 7 and 11). 
1. SAB [and what about (.) family income/ [you need water\   
2. PAM           [yeah i also think D too 'cause like i don't think like less fortunate 

people should be (.) punished like you know what i mean like because they don't have money they pay for water 
they shouldn't (.) [not get  

3. LOU [yeah:  
4. SAB [xx time it's not their (fault)=    
5. LOU =they could like they could overu:se like they could (.) not pay as much and [<((turning hands)) 

get more water>&  
6. PAM                           [and take advantage 

of that yeah: it's true    
7. LOU &take advantage of it\ (.) when like it should be [<((swinging hands))  equal for all people>&    
8. KEL                      [((nodding head in the affirmative))    
9. LOU &you know what i mean/ 'cause like in like it's their fault that they are (.) poor\  in a way because they 

could go find a job but they didn’t like you know what i mean/    
10. PAM yeah   
11. LOU like i think it should be equal among everyone\  
(3.8) 

3. Can we change the world? Opposing Principles: a Case Study  
Type-4 strategies explain that some opposing principles are likely to co-occur in dialogal 
situations. Using a general principle g potentially orientates the conversation towards the 
use of an opposing principle g’. We argue that this phenomenon explains why a large 
number of common principles were found in the global inventory. Moreover, this 
communicative hypothesis is not contradictory to the observation of local differences 
among the three countries. Actually, some scenarii of opposing principles can be 
« preferred », have a higher frequency, in some local contexts. A brief description of a case 
study is useful to clarify what an argumentative scenario of opposition is like. The 
opposition between the fundamental norms F3 (we can influence the evolution of the 
world) and F4 (we cannot avoid fatality) is presented in Figure 3.  

 

Figure 1. Can we change the world? A scenario of opposition and its local variations. When they 
argue, the students may use competing principles that structure the debate. 
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Figure 3 shows that F3 and F4 can potentially be supported by other general principles 
about the type of actions that can (or cannot) be undertaken to influence the evolution of 
the world. In this typical scenario of opposition, each principle supporting F3 has its 
counterpart among the principles supporting F4: changing the economy or suffering from 
independent economical variations; influencing others or not being able to control mass 
behaviour; starting to save water or persisting in one’s usual lifestyle; favoring scientific 
progress or failing to provide funding to do so. At this level of argumentation, clear 
tendencies appear among the countries. American students mention technological solutions 
much more often than the others (34 times, whereas there are only respectively 3 and 4 
occurrences in the Mexican and French parts of the corpora). On the contrary, economic 
policies are not mentioned in the American part of the corpus, and only appear once in the 
French cafés. In the Mexican debates, only the negative counterpart of this idea is 
discussed, insisting on the fact that nothing can be done to escape the effects of the 
economic system. The action to influence the evolution of the access to water the most 
considered in Mexico consists of saving it. This action is also discussed to some extent in 
France and the US, but it is more often as inefficient. Only in Mexico are the affirmative 
occurrences of this idea more frequent then the negative occurrences. 

DISCUSSION AND CONCLUSION 
In these scientific-café-type debates, the students use general principles to argue. They can 
be classified into doxal laws (regularities presented as facts), fundamental norms (ethical 
or moral values) and procedural norms (rules on how to debate), depending on the type of 
content they refer to and on the interactive treatment they receive. The use of such 
argumentative resources may be a characteristic of the activity of debating on a SSI itself. 
When someone uses a general principle g to support a proposition, an opponent may use 4 
types of strategies: 1) accepting g and showing that his counter-proposition conforms to g; 
2) accepting g but claiming it is irrelevant in this context; 3) rejecting g by direct 
refutation; 4) rejecting g by using another principle leading to the opposite conclusion. 
Such a conversational structure of the argumentative use of general principles, especially 
when strategy 4 is chosen, favours a co-occurrence of opposing principles. This 
phenomenon can explain why many principles are used in all three countries. Nevertheless, 
a scenario of opposition can be locally expressed with variations. If we analyze the 
frequency of the use of each principle, preferred tendencies in each country appear. 

REFERENCES 
Aikenhead, G. (1992). The integration of STS into science education. Theory into 

practice, 31(1), 27–35. 
Albe, V. (2009). L’enseignement de controverses socioscientifiques. Education & 

didactique, 3(1), 45–76. 
Albe, V. (2006). Procédés discursifs et rôles sociaux d’élèves en groupes de discussion 

sur une controverse socio-scientifique. Revue française de pédagogie (157), 103-118. 
Anscombre, J.-C., & Ducrot, O. (1997). L’argumentation dans la langue. Mardaga. 
Andriessen, J., Baker, M.J. & Suthers, D. (2003). Argumentation, computer support, and 

the educational context of confronting cognitions. In Arguing to Learn: Confronting 
Cognitions in Computer-Supported Collaborative Learning environments, p.1-25. 
Dordrecht, The Netherlands : Kluwer Academic Publishers.	  	  

Brousseau, G. (1998). Théorie des situacions didactiques. La pensée sauvage. 
Brown, P., & Levinson, S. C. (1980). Universals in language usage: Politness phenomena. 
Driver, R., Newton, P., & Osborne, J. (2000). Establishing the norms of scientific 

argumentation in classrooms. Science Education, 84(3), 287–312. 

Strand 8 Scientific literacy and socio scientific issues

1398



Désautels, J., & Larochelle, M. (1998). The epistemology of students: The thingified 
nature of scientific knowledge. International handbook of science education, 1998, 
115–126. 

Doury, M. (2006). Evaluating analogy: Toward a descriptive approach to argumentative 
Norms. Considering pragma-dialectics, 35–49. 

Gayford, C. (2002). Controversial environmental issues: a case study for the professional 
development of science teachers. International Journal of Science Education, 24(11), 
1191–1200. 

Grize, J. B. (1997). Logique et langage. Ophrys. 
Kolsto, S. D. (2001). Scientific literacy for citizenship: Tools for dealing with the science 

dimension of controversial socioscientific issues. Science education, 85(3), 291–310. 
Lewis, J., & Leach, J. (2006). Discussion of socio-scientific issues: The role of science 

knowledge. International Journal of Science Education, 28(11), 1267–1287. 
Mercer, N. (1996). The quality of talk in children’s collaborative activity in the 

classroom. Learning and instruction, 6(4), 359–377. 
Meuffels, B., & van Eemeren, F. H. (2002). Ordinary arguers’ judgments on ad hominem 

fallacies. Advances in pragma-dialectics, 45–64. 
Newton, P., Driver, R., & Osborne, J. (1999). The place of argumentation in the pedagogy 

of school science. International Journal of Science Education, 21(5), 553–576. 
Plantin, C. (in press). Dictionnaire de l’argumentation, ENS Editions, Lyon 
Polo, C., Plantin, C., Lund, K., Niccolai, G. (2013). Quand construire une position 

émotionnelle, c'est choisir une conclusion argumentative : le cas d’un café-débat sur 
l’eau potable au Mexique. Semen 35, 7-29.  

Rocci, A. (2006). Pragmatic inference and argumentation in intercultural communication. 
Intercultural Pragmatics, 3(4), 409–442. 

Sandoval, W. A. (2005). Understanding students’ practical epistemologies and their 
influence on learning through inquiry. Science Education, 89(4), 634–656. 

Simonneaux, L. (2003). L’argumentation dans les débats en classe sur une technoscience 
controversée. Aster, 2003, 37«  Interactions langagières. Partie 1 ». 

Simonneaux, L., & Simonneaux, J. (2009). Students’ socio-scientific reasoning on 
controversies from the viewpoint of education for sustainable development. Cultural 
Studies of Science Education, 4(3), 657–687. 

Toulmin, S. E. (1958). The uses of argument. Cambridge Univ Pr.  
Zeidler, D. L., Sadler, T. D., Simmons, M. L., & Howes, E. V. (2005). Beyond STS: A 

research-based framework for socioscientific issues education. Science Education, 
89(3), 357–377. 

Zohar, A., & Nemet, F. (2002). Fostering students’ knowledge and argumentation skills 
through dilemmas in human genetics. Journal of Research in Science Teaching, 
39(1), 35–62. 

ACKNOWLEDGMENTS 
I am grateful for the support provided by the Rhône-Alpes Regional Council and the ANR 
“Excellency Laboratories” program (labex ASLAN). 

Strand 8 Scientific literacy and socio scientific issues

1399



STAKEHOLDERS’ VIEWS ON SCIENCE EDUCATION 
IN EUROPE: METHOD AND FIRST INSIGHTS OF THE 
PROFILES INTERNATIONAL CURRICULAR DELPHI 

STUDY ON SCIENCE EDUCATION 
 

Claus Bolte and Theresa Schulte 
Freie Universitaet Berlin, Germany 

 

Abstract: In the framework of the FP7 funded European PROFILES project, 22 
Consortium partners from 21 countries are involved in making efforts to disseminate a 
modern understanding of scientific literacy, encourage new approaches into the 
practice of science teaching and facilitate an uptake of inquiry-based science 
education (IBSE). Embedded in this project, the International PROFILES Curricular 
Delphi Study on Science Education aims at identifying desirable aspects and 
shortcomings of modern science education with regard to scientific literacy. The study 
is carried out on national levels by the different PROFILES partners in their 
respective countries. By applying the Delphi method, these studies systematically 
collect and analyze in three consecutive rounds the views of different stakeholder 
groups that are involved with science and science education. As relevant stakeholders 
the studies involve students, pre- and in-service science teachers, science education 
researchers and scientists. In the first round of the International PROFILES Curricular 
Delphi Study on Science Education, the opinions of stakeholders concerning motives, 
situations and contexts as well as topics, fields and qualifications regarding desirable 
science education were collected in the different PROFILES countries. The data were 
analyzed in each country by qualitative methods. A distinctive feature in the findings 
of the first round is that in all the different countries some aspects of science 
education were mentioned only rarely by the stakeholders, even when later being 
assessed as important regarding science education. Among other aspects of interest, 
this finding is taken up and addressed in the second and third contribution of this 
symposium. The first contribution of this symposium focuses on the general design 
and approach of the International PROFILES Curricular Delphi Study on Science 
Education and presents findings from the first round of this international survey. 

Keywords: Delphi study, science education, stakeholders, scientific literacy, 
PROFILES 

 
INTRODUCTION AND FRAMEWORK  
The current situation of science education and the importance of a scientifically 
literate society is in the course of international comparative studies such as PISA and 
TIMSS increasingly discussed (OECD, 2007). Regarding the role and the tasks of 
general school education, there is a shared understanding in science education 
research literature about scientific literacy being the central aim of science education 
(Gräber & Bolte, 1997). With respect to the discussion about deficiencies and 
challenges in the field of science education, the question arises how science education 
at schools of general education should be conceptualized and realized in the future to 
promote and enhance scientific literacy best. This question is addressed in the 
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PROFILES International Curricular Delphi Study on Science Education, which 
includes the partners in the PROFILES project carrying out a Curricular Delphi Study 
in their respective countries. The European PROFILES project (PROFILES, 2010) 
aims to promote inquiry-based science education (IBSE) through raising the self-
efficacy of science teachers to take ownership of more effective ways of teaching 
students, supported by stakeholders (Bolte et al., 2011; Bolte, Holbrook, & Rauch, 
2012). In order to identify aspects of modern science education that are considered 
with regard to scientific literacy as desirable in the society, the International 
PROFILES Curricular Delphi Study on Science Education systematically collects and 
analyzes in three consecutive rounds the views and opinions of different stakeholders. 
Stakeholders considered as relevant groups with regard to science education and 
included in this study are students, pre- and in-service science teachers, science 
education researchers and scientists. 

 
RESEARCH QUESTIONS OF THE FIRST ROUND  
In the first round of the International PROFILES Curricular Delphi Study on Science 
Education, the following questions are addressed: 

1. What expectations and opinions exist among the different stakeholder groups 
regarding desirable science education?  

2.  How far are there any differences or agreements between the sub-sample 
groups’ opinions?  

 
METHOD  
The Delphi method is characterized by numerous distinguishing features. In general, a 
Delphi study is structured into several rounds and involves a fixed group of 
participants (stakeholders) whose views and opinions are collected and classified in a 
systematic way (Häder, 2000; Linstone & Turoff, 1975). After every round, 
empirically determined group answers of the respective preceding round are fed back 
to the participants. In this way, the participants are, in the light of the “general” 
opinion, able to reflect on both the general and their own opinion and, if applicable, 
adjust or reinforce their opinion. Through these steps, the general question is 
gradually processed. Another characteristic feature of the Delphi method is that the 
participants interact and cooperate anonymously among each other throughout the 
study. This serves to avoid participants being influenced or affected by particular 
opinions of well-known or other individual participants. The data collection, the 
analyses and the reciprocal information flow are administered by a central working 
group (Häder, 2000; Linstone & Turoff, 1975). Regarding the curricular elements of 
this Delphi study, the working group develops criteria for selecting the participants 
dealing with curricular matters in the course of the study and the general question is 
specified within a formal question and answer format (Bolte, 2003; Häußler, Frey, 
Hoffmann, Rost, & Spada, 1988; Mayer, 1992). The International PROFILES 
Curricular Delphi Study on Science Education is carried out on national levels by the 
different PROFILES partners in their respective countries and is structured into three 
rounds (Figure 1). 
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The central question of the International PROFILES Curricular Delphi Study on 
Science Education is: Which aspects of science education do you consider meaningful 
and pedagogically desirable for the individual in the society of today and in the near 
future? 

 
Figure 1. Method of Data Collection and Data Analysis in the PROFILES 
International Curricular Delphi Study on Science Education (Bolte, 2008) 

In the first round, the stakeholders’ views and opinions about aspects of modern and 
pedagogically desired science education are collected in a three-part open question 
format, in which the overarching question of this study is specified following Häußler 
at al. (1980) and Bolte (2003, 2008). The stakeholders’ individually formulated 
statements collected within this first round are classified into categories through 
qualitative content analysis (Mayring, 1983) and quantitatively processed through 
statistical analyses (Bolte, 2003, 2008; Schulte & Bolte, 2012). In the second round, 
the stakeholders prioritize these categories and assess to what extent the aspects 
expressed by the categories are realized in educational practice (see contribution #2 
and #3 of this symposium). In order to identify concepts of science education (see 
contribution #4 of this symposium), the stakeholders are in the second round also 
asked to combine categories from the given set of categories that seem especially 
relevant to them in their combination. By applying hierarchical cluster analyses 
(Hastie, Tibshirani, & Friedman, 2009) to these combinations, concepts of desirable 
science education are identified. These concepts are in the third round assessed by the 
stakeholders with regard to priority and realization in practice in the same way as in 
the second round. The targeted sample size of the International PROFILES Curricular 
Delphi Study on Science Education for each PROFILES partner is a number of 100 
stakeholders, distributed among stakeholders involved with science and science 
education, such as students, pre- and in-service teachers, science education 
researchers and scientists. 
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RESULTS 
Until now, 17 PROFILES partners have carried out and fed back their reports of the 
first round of the PROFILES International Curricular Delphi Study on Science 
Education. Approximately 100 stakeholders per partner institution and all in all more 
than 2.400 stakeholders were involved in these studies so far (Table 1 – Status: 
January 2013). 

 

Table 1 

Sample of the First Round of the International PROFILES Curricular Delphi Study 
on Science Education 

 Students Science 
Teachers 

Sc. Ed. 
Researchers 

Scientists Other Total 

FUB_Germany 39 63 30 61 0 193 

WEIZMANN_Israel 33 35 25 23 5 121 

UNI-KLU_Austria 27 48 20 20 0 115 

CUT_Cyprus 141 32 15 4 25 217 

MU_Czech Rep. 138 30 28 25 0 221 

UEF_Finland 76 64 25 22 0 187 

UCC_Ireland 53 74 21 25 0 173 

UNIVPM_Italy 44 87 0 42 0 173 

LU_Latvia 30 35 22 20 12 119 

UMCS_Poland 30 41 21 25 0 117 

UPORTO_Portugal 20 42 2 2 20 86 

VUT_Romania 21 43 22 20 21 127 

UL_Slovenia 26 39 20 24 0 109 

UVA_Spain 61 22 22 21 0 126 

FHNW_Switzerland 42 38 23 0 0 103 

DEU_Turkey 29 50 26 21 0 126 

UniHB_Germany 27 26 25 14 0 92 

Total 837 769 347 369 83 2405 

Note. Data Status: January 2013 

 

In the course of the qualitative analyses, different classification systems for the 
analysis of the particular national stakeholder sample’s statements were established, 
ranging from category systems with 27categories to category systems with 165 
categories. The working group at FUB developed in the course of the qualitative 
analysis a classification system (Tables 3a-3e) for the analysis of the stakeholders’ 
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statements that contains 88 categories regarding desirable aspects of science education 
(Schulte & Bolte, 2012, 2013). The inter-rater agreement (Table 2) for this 
classification system was determined following Bolte (2003) and Häußler et al. 
(1980). 

 

Table 2 

Results of the Inter-Rater Agreement after Coding 20 Questionnaires – FUB 

I 

Situations/contexts/motives 

IIa 

Concepts 
& topics 

IIb 

Fields & 
perspectives 

III 

Qualification 

IV 

Methodical 
aspects 

qI = .78 qIIa = .82 qIIb = .70 qIII = .74 qIV = .76 

qt = .77 

Note. q = 2n+ / (2n+ + n-), n+ = number of cases in which the positive coding of the 
two different coders matches, n- = number of cases in which only one coder coded a 
category positively. 

 

In order to relate the different PROFILES partners’ results from the first round to each 
other, the compatibility of the different category systems among each other was 
compared. The FUB category system (Tables 3a-3e) was used as a reference for this 
comparison (Figure 2). The diagram in Figure 2 shows, on the basis of 18 category 
systems, for each category the number of category systems that contain the respective 
category. The results show that despite varying degrees of complexity and 
differentiation in the category systems and different category labeling, the different 
category systems largely correspond to each other. This warrants their applicability 
for the quantitative analyses. 

The FUB quantitative analyses of the data from the first round (Tables 3a-3e) point 
out that in the first round of the FUB PROFILES Delphi Study on Science Education, 
24 categories were mentioned particularly often (ft >20%) while nine categories were 
mentioned particularly rarely (ft<5%) by the total sample (N=193). An especially 
strong focus appears for the categories “Media/current issues”, “Everyday life”, 
“Scientific inquiry”, “Acting reflectedly and responsibly”, “Content knowledge”, 
“Analyzing / drawing conclusions” and “Judgement / opinion-forming”. A 
differentiated view on the category frequencies of the four different FUB sample 
groups is rendered in Tables 3a-3e. The tables show that besides common tendencies, 
the sample groups also deviate in several cases from each other regarding the relative 
frequency of mentioning the categories. It can be seen that the group of science 
education researchers answered the questionnaire in the most differentiated way, 
followed by the group of teachers. The responses of the group of scientists and the 
group of students are considerably less differentiated. Concerning the group of 
students, it is perceptible that 29 categories are mentioned by less than 5% of the 
students or not at all (see Tables 3a-3e, respective categories presented in italics).  
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Figure 2. Comparison of the PROFILES Partners’ Different Category Systems 
(N=18) on the Basis of the FUB Category System – Number of Category Systems 
with the Respective Category (Data Status July 2012) 
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Table 3a 

Percentages of the Categories Mentioned in the First Round – Total Sample and Sub-
Sample Groups (FUB), Part I (Motives/Situations/Contexts) 

Category Students Sc. 
Teachers 

Sc. Ed. 
Researchers Scientists Total 

Education / general pers. 
Development 13% 19% 40% 20% 21% 

Emotional personality 
development 5% 8% 20% 7% 9% 

Intellectual personality 
development 13% 14% 13% 16% 15% 

Students' interests 21% 16% 20% 11% 16% 

Curriculum framework 0% 10% 3% 0% 4% 
Nature / natural 
phenomena 8% 29% 53% 16% 24% 

Everyday life 46% 65% 87% 46% 59% 

Medicine / health 21% 19% 43% 20% 23% 

Technology 8% 29% 30% 28% 24% 

Media / current issues 41% 54% 47% 52% 50% 

Society / public concerns 15% 32% 53% 28% 31% 

Global references 18% 35% 47% 28% 31% 

Occupation 8% 10% 23% 2% 9% 

Science – biology 3% 3% 10% 10% 6% 

Science – chemistry 0% 8% 7% 8% 6% 

Science – physics 0% 5% 7% 11% 6% 

Science - 
interdisciplinarity 5% 6% 17% 5% 7% 

Out-of-school learning 3% 8% 27% 11% 11% 

Note. Data Status July: 2012 
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Table 3b 

Percentages of the Categories Mentioned in the First Round – Total Sample and 
Sub-Sample Groups (FUB), Part IIa (Concepts and Topics) 

Category Students Sc. 
Teachers 

Sc. Ed. 
Researchers Scientists Total 

Matter / particle concept 5% 17% 20% 8% 12% 

Structure / function / 
properties 0% 10% 13% 3% 6% 

Chemical reactions 21% 16% 27% 5% 15% 

Energy 13% 29% 40% 21% 25% 

System 10% 13% 13% 5% 10% 

Interaction 8% 5% 23% 5% 8% 

Development / growth 3% 2% 7% 7% 4% 
Models 5% 13% 10% 8% 9% 

Terminology 3% 5% 20% 10% 8% 

Scientific Inquiry 44% 57% 53% 26% 44% 

Limits of scientific 
knowledge 8% 5% 20% 7% 8% 

Cycle of matter 8% 13% 27% 5% 11% 

Food / nutrition 21% 21% 37% 20% 23% 

Health / medicine 36% 24% 33% 23% 27% 

Matter in everyday life 8% 16% 30% 10% 15% 

Technical devices 3% 16% 23% 23% 17% 

Environment 10% 38% 50% 21% 29% 

Industrial processes 3% 16% 23% 15% 14% 

Safety and risks 15% 13% 23% 8% 13% 

Occupations / 
occupational fields 0% 2% 17% 2% 4% 

Note. Data Status July: 2012 
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Table 3c 

Percentages of the Categories Mentioned in the First Round – Total Sample and 
Sub-Sample Groups (FUB), Part IIb (Fields and Perspectives) 

Category Students Sc. 
Teachers 

Sc. Ed. 
Researchers Scientists Total 

Botany 5% 13% 13% 5% 9% 

Zoology 8% 16% 13% 7% 11% 

Human biology 38% 25% 53% 15% 29% 

Genetics / molecular 
biology 10% 8% 17% 18% 13% 

Microbiology 5% 5% 10% 16% 9% 

Evolutionary biology 5% 2% 10% 10% 6% 

Neurobiology 3% 2% 3% 0% 2% 
Ecology 8% 13% 47% 8% 16% 

General and inorganic 
chemistry 5% 22% 17% 0% 11% 

Organic chemistry 10% 21% 20% 7% 14% 

Analytical chemistry 3% 3% 7% 0% 3% 

Biochemistry 21% 17% 23% 13% 18% 

Mechanics 13% 8% 7% 21% 13% 

Electrodynamics 10% 16% 20% 26% 19% 

Thermodynamics 0% 5% 3% 10% 5% 

Atomic / nuclear physics 10% 17% 10% 16% 15% 

Astronomy / space system 0% 3% 10% 3% 4% 
Earth sciences 3% 3% 0% 7% 4% 
Mathematics 10% 8% 7% 23% 13% 

Interdisciplinarity 8% 16% 23% 16% 16% 

Current scientific research 3% 11% 20% 8% 10% 

Consequences of technol. 
developm. 10% 29% 33% 10% 20% 

History of the sciences 3% 5% 10% 7% 6% 

Ethics / values 8% 6% 30% 5% 10% 

Note. Data Status July: 2012 
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Table 3d 

Percentages of the Categories Mentioned in the First Round – Total Sample and 
Sub-Sample Groups (FUB), Part III (Qualification) 

Category Students Sc. Teachers Sc. Ed. researchers Scientists Total 

Content knowledge 44% 37% 50% 33% 39% 

Comprehension / 
understanding 18% 29% 50% 41% 34% 

Applying knowledge / 
thinking abstractly 18% 32% 53% 30% 32% 

Judgement / opinion-
Forming / reflection 23% 41% 67% 31% 38% 

Formulating sc. 
questions / hypotheses 3% 30% 40% 2% 17% 

Being able to 
experiment 13% 37% 40% 8% 23% 

Analysing / drawing 
conclusions 21% 33% 40% 52% 38% 

working self-
dependently / 
structuredly  

26% 17% 20% 8% 17% 

Finding information 0% 13% 30% 3% 10% 

Reading 
comprehension 0% 6% 0% 3% 3% 

Communication skills 18% 29% 40% 10% 22% 

Knowledge about 
scientific occupations 5% 3% 10% 2% 4% 

Perception / awareness 10% 21% 20% 13% 16% 

Sensibility / empathy 3% 16% 17% 13% 12% 

Social skills / 
teamwork 5% 17% 17% 2% 10% 

Motivation / interest / 
curiosity 23% 24% 27% 21% 23% 

Critical questioning 8% 44% 43% 20% 29% 

Acting reflectedly and 
responsibly 26% 38% 63% 36% 39% 

Note. Data Status: July 2012 
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Table 3e 

Percentages of the Categories Mentioned in the First Round – Total Sample and 
Sub-Sample Groups (FUB), Part IV (Methodical Aspects) 

Category Students Sc. Teachers Sc. Ed. Researchers Scientists Total 

Cooperative learning 10% 11% 7% 3% 8% 

Mixed-aged classes 0% 0% 0% 2% 1% 
Interdiscipl. learning 3% 0% 3% 3% 2% 
IBSE 3% 8% 0% 0% 3% 
Learning at stations 0% 3% 3% 0% 2% 
Role play 0% 2% 0% 0% 1% 
Discussion / debate 3% 11% 3% 0% 5% 

Using new media 3% 0% 0% 5% 2% 

Note. Data Status: July 2012 

 

DISCUSSION 
In the first round of the PROFILES Curricular Delphi Study on Science Education, a 
systematization of the stakeholders’ statements was reached by the PROFILES 
partners by developing a classification system. The results of the objectivity test 
regarding the FUB category system confirm the applicability of the chosen procedure 
of the qualitative data analysis. A comparison of the different countries’ category 
systems on the basis of the FUB category system shows that all partners developed 
meaningful category systems which could serve for further investigations and 
comparisons. The quantitative analyses of the FUB results have revealed specific 
accentuations of the stakeholders in the first round. How far those categories 
mentioned only rarely in the first round are actually considered as not important, or 
e.g. if by the students certain aspects are only rarely mentioned because they are 
rarely present in regular science education, is investigated in the second round of the 
International PROFILES Curricular Delphi Study on Science Education. These 
questions are also addressed – among other aspects of our research interest – in the 
following contributions.  
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REASONING PATTERNS IN PROCESSING MULTI-

CRITERIA SOCIO-SCIENTIFIC DECISION-MAKING 

SITUATIONS 

 

Iro Ioannou, Nicos Papadouris and Costas P. Constantinou 

Learning in Science Group, University of Cyprus, Cyprus 

 

Abstract: This paper reports on an empirical study for identifying and documenting the 

various reasoning difficulties encountered by students (lower middle-school and high-

school students) and pre-service teachers while processing socio-scientific, multi-criteria 

decision-making situations. Data were collected through three open-ended written tasks, 

which were completed by 304 participants (80 lower middle-school students, 185 high-

school students and 39 pre-service teachers) and follow-up interviews with 73 of these 

participants. The written tasks and the interview protocols, asked students to process 

specific decision-making situations and come up with evidence-based arguments as to the 

most appropriate solution. Data analysis demonstrated some prevalent reasoning patterns. 

The most important involves the tendency to rely on non-compensatory approaches. 

These approaches tend to bypass the complexity inherent in synthesizing the information 

on the strengths and weaknesses of each solution through short-cut heuristics. In addition 

to describing these reasoning patterns we also seek to identify and document underlying 

reasoning difficulties. One such difficulty, for example, relates to students’ failure to 

appreciate the need to take into account the entirety of available data and the reliability 

threats stemming from ignoring parts of the data. Finally, we also explore possible 

variations between the three groups of participants. Interestingly, the single most 

important finding that emerged is that the majority of participants in each group relied on 

simple short-cut heuristics and refrained from synthesizing the strengths and weaknesses 

of the various solutions. This seems to be suggesting that maturation and exposition to 

conventional teaching do not suffice to facilitate the development of powerful reasoning 

strategies, alluding to the need for explicit teaching elaboration.  

Keywords: decision-making, socio-scientific issues, reasoning patterns 

 

INTRODUCTION AND BACKGROUND 

Reasoning skills are considered important for productive participation in modern society 

(Beyth-Marom et al., 1987). Decision making, which refers to the process of making a 

choice among a variety of alternative solutions (Cauffman & Steinberg, 1995; Perkins, 

2009), is perhaps one of the most important skills, in this respect. One reason for this 

relates to the increasingly more influential role of socio-scientific issues in modern 

societies and the various dilemmas they tend to create. Such issues could involve 

personal decisions that need to be made individually or within a family (e.g., what is 

more important in purchasing a dishwasher, price, energy or water consumption?), while 

other decisions refer to a wider context (e.g., should the state apply compulsory 
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restrictions on car use in order to combat global warming?). In any case, the development 

of the ability to make informed and well-reasoned decisions at a personal level and 

participate in the public debate over issues of wider interest is recognized as a central 

aspect of scientific literacy and, hence, an important aim of science teaching (AAAS, 

1993; NRC, 2012).  

Inputs from cognitive psychology and science education 

The existing knowledge base that could be drawn upon to support and inform attempts to 

devise learning environments that support the development of decision-making skills 

emerges from mostly two areas. The first is cognitive psychology. As can be found in the 

literature in this area, processing data in order to identify optimal decisions cannot be 

considered as a trivial task, since this ability does not typically emerge spontaneously 

(Arvai et al., 2004). The involvement of various factors, such as the number of the 

available options and the magnitude of the given criteria or the personal values the 

decision maker has for the issue at hand, can perplex the decision making process, 

affecting the reliability of the final decision. A main contribution from research in 

cognitive psychology includes the formulation of normative decision making models. 

These models describe specific ways which could be employed for making a decision. 

Some of these models include the lexicographic heuristic, elimination by aspect model, 

the satisficing model and the weighted additive value model (Sternberg, 1996; Birnbaum, 

1998).  

The second area is science education. A significant body of research studies has sought to 

identify the decision making strategies followed by students while processing socio-

scientific issues. These studies have yielded useful and interesting findings including 

students’ failure to compare different options in a systematic way and their tendency to 

rely only on parts of the available data by (usually arbitrarily) excluding some of the 

available options or some of the available criteria (Hong & Chang, 2004; Eggert & 

Bögeholz, 2010; Papadouris & Constantinou, 2010). As a result, students who have not 

been exposed to any teaching targeted at decision making reasoning skills, have a 

difficulty in making decisions by synthesizing the available data about the possible 

solutions in an effective and reliable manner (Beyth-Marom et al., 1987). 

Despite the noteworthy findings that have been reported it is important to note that 

research on teaching and learning about decision-making in the field of science education 

has been very limited so far (Papadouris & Constantinou, 2010). Notwithstanding the 

important insights that have been reported (Ratcliffe & Grace, 2003), there is clearly a 

need for further research. One of the aspects that have received scant attention relates to 

the identification of the reasoning patterns exhibited by students of different ages, while 

processing information in decision-making situations embedded in socio-scientific issues.  

Key objectives 

This paper reports on an empirical study that seeks to provide insights into the reasoning 

strategies employed by students for processing information in multi-criteria, decision-

making situations and the underlying reasoning difficulties. It also seeks to provide 

preliminary findings as to the extent to which such reasoning strategies improve with 

either age maturation or increased exposition to conventional school teaching.    
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The research questions that emerge from this necessity are:  

a) What strategies do students employ in processing available information so as 

to determine the optimum alternative solution? 

b) What difficulties do they encounter in this respect? 

c) To what extent (and in what ways) do age maturation and exposure to 

conventional teaching influence the strategies employed by students? 

 

RESEARCH DESIGN AND METHODOLOGY  

Participants 

The present study involved 304 participants from three different age groups: 80 lower 

middle-school students in the age range of 11-12, 185 high-school students aged 16-17 

and 39 pre-service teachers. The participants of this study were students of different 

abilities and had no involvement in any teaching concerning the development of decision-

making abilities.  

Data collection sources 

The data sources included three open-ended written tasks and follow-up interviews with a 

sub-sample of 73 participants, intended to offer further insights into their reasoning. The 

tasks and the interview protocol relied on three variants of a single decision-making 

situation pertaining to the selection of the most appropriate site for the new water 

desalination plant. These variants differed in terms of the number of the possible 

solutions (candidate locations) and the number of the criteria to be taken into account 

(e.g. number of inhabitants who will be served, project cost and proximity to inhabited 

areas). The decision space in each task was presented in a fixed manner to the 

participants so as to increase the likelihood for them to focus on the reasoning involved in 

processing the given information and comparing the rival solutions. The tasks were 

formulated in a way that precluded a single profoundly optimum choice, since all 

possible solutions were characterized by both strengths and weaknesses. In each task 

students were asked to process the corresponding decision-making scenario and come up 

with an evidence-based argument as to the most appropriate solution.  

In particular, two possible solutions (Area A, Area B) and three available criteria 

(number of inhabitants who will be served, project cost and proximity to inhabited areas) 

were given in the first written task (2x3), two possible solutions (Area A, Area B) and 

three available criteria (number of inhabitants who will be served, project cost) were 

given in the second written task (2x2), while three possible solutions (Area A, Area B, 

Area C) and three available criteria (number of inhabitants who will be served, project 

cost and proximity to inhabited areas) were given in the third written task (3x3). The 

criteria given in all three tasks were equally important (see table 1).   
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Table 1 

Overview of the decision space involved in the assessment tasks. 

Task possible 

solutions 

criteria Relative importance of 

criteria 

Ι 2 3 equally important 

ΙΙ 2 2 equally important 

ΙII 3 3 equally important 

 

Data analysis 

The analysis of the data was based on an existing coding scheme, which was modified for 

the purpose of this study. The data from the open-ended tasks and the interviews were 

processed in order to document the qualitatively different ways in which participants 

approached the decision-making situation and to identify the main reasoning difficulties 

they encountered. They also served to draw tentative inferences about differences in the 

reasoning patterns exhibited by these three age groups. 

 

FINDINGS  

One of the main findings relates to the participants’ tendency to rely on non-

compensatory approaches. It is important to note that this was the dominant approach in 

all three groups of participants (84% overall - more than 82% in each of the three 

groups). While in most cases participants explicitly acknowledged that none of the 

possible solutions was the best on all criteria, they failed to process the available 

information in a manner that synthesized both strengths and weaknesses of all possible 

solutions. Instead, many of them restricted themselves to making a decision on the basis 

of a single criterion, which they arbitrarily designated as the most important 

(lexicographic heuristic). These students asserted that the alternative solution that was 

preferable with respect to this criterion should be the overall optimum solution. An 

indicative response of this category of responses is: “Area B because the distance of the 

inhabited areas is longer. I considered this to be the most important criterion...”. This 

strategy (see table 2) was mostly followed by students of high-school in both task 1 (2x3) 

and task 3 (3x3) with a percentage of 9% and 40.5% accordingly, while in task 2 (2x2) it 

was the most commonly invoked argument in all age groups  (Lower middle-school 

students (L): 81%, High-school students (H): 84%, pre-service Teachers (T): 92%).  

Another instance of non-compensatory approach that we encountered in the data involved 

the comparison of the possible solutions on the basis of the number of the criteria on 

which they rank first. Essentially, this approach involves selecting the location that 

happened to rank first on more criteria. A typical student response is that “I would 

suggest Area B because it will cost less and there will be a greater distance. The number 

of inhabitants who will be served is almost the same”. This strategy was used quite 

frequently by students in all age groups (L: 77%, H: 77.5%, T: 90%) in task 1, which 
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involved two options and two criteria, whereas in task 3 (3x3) it was mostly employed by 

lower middle-school students (46%) and teachers (43%). 

A third approach which was detected mainly in the third task (3x3) involved the selection 

of the median solution. Specifically, a significant percentage of participants in each age 

group (L: 23%, H: 15%, T: 21%) chose the option that ranked second on each criterion. 

A characteristic example is: “Area C is the best. It is not the worst option on any of the 

criteria. It has the mean value on each criterion”. The reasoning underlying this 

approach is problematic in the sense that it identifies the median solution with the 

optimum solution.  Indeed, participants who chose the median solution failed to 

appreciate the need to take into consideration the magnitude of the relative differences 

between the rival solutions on each criterion. For instance, the solution that happens to 

have the median value on each criterion could turn out to be the worst overall solution 

when the magnitude of the relative differences is taken into account. 

The approaches used by students are error-prone and liable to yield fallacious conclusions 

since they fail to take into account the entirety of available information. For instance, the 

weakness(es) of the selected solution, which is (are) often neglected,  could outweigh its 

advantage. This approach reflects participants’ lack of appreciation of the idea that 

maximizing utility in decision making involves synthesizing the advantages and 

disadvantages of each solution so as to identify the single solution that offers the 

optimum combination of strengths and weaknesses.  

In some cases students did try to synthesize the entire set of available information so as to 

identify the most appropriate location. We encountered two main instances of this 

approach. The first, which was more frequent in the case of the pre-service teachers (2% 

compared to 1% of the lower middle-school students and 0.5% of the high-school 

students) includes the direct numerical comparison of the possible solutions using raw 

data. An example of this category in a 2x2 decision space (e.g., Task II) is: “It would be 

more convenient if the desalination plant was built in Area B, since the difference of 2,5 

million euro is a huge quantity, bigger than the difference of the people who will be 

benefited which is 5000.”. This approach is problematic in that it treats the information 

for the two criteria as if it were directly comparable.  

The second approach, which again appeared more frequently in the pre-service teachers 

(3.5%) rather than the other two groups of participants (L: 0.5% , H: 1.5%), involves the 

ratio of the difference at cost of two areas and the difference of the people who will 

benefit. The magnitude of this ratio was used as an arbitrary criterion for the 

identification of the optimum solution. A typical example is the following: “The 

desalination plant should be built in Area A. Despite that in Area B will be served 5000 

people more, they should be analogous to €2 500 000, something that is not valid since 

110 000 people correspond to €9 000 000 and 105 000 people to €6 500 000”. Although 

valid, this approach tends to be constrained to simple decision-making situations that 

allow for easily calculating this ratio. Indeed, this approach mainly appeared in a specific 

decision-making situation that involved a 2x2 problem space (two solutions and two 

criteria).  
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Table 2 

Synopsis of results for all three assessment tasks. 

 TASK 1 TASK 2 TASK 3 

Decision making 

 processes 

L H T L H T L H T 

Ν (%) Ν (%) Ν (%) Ν (%) Ν (%) Ν (%) Ν (%) Ν (%) Ν (%) 

Attempt to 

synthesize the 

available criteria 

 1 

0,5% 

1 

2,5% 

4 

5% 

10 

5% 

3 

8% 

 3 

2% 

2 

5% 

Decision based 

on the number 

of advantages 

62 

77% 

143 

77,5% 

35 

90% 

   37 

46% 

42 

23% 

17 

43% 

Decision based 

on a single 

criterion 

2 

3% 

17 

9% 

1 

2,5% 

65 

81% 

155 

84% 

36 

92% 

13 

16% 

75 

40,5% 

11 

28% 

Selection of the 

median solution 

    

 

  18 

23% 

28 

15% 

8 

21% 

Failure to select 

a single solution 

    2 

1% 

  1 

0,5% 

 

Decision without 

justification/Irre

levant responses 

16 

20%) 

24 

13% 

2 

5% 

11 

14% 

18 

10% 

 12 

15% 

36 

19% 

1 

3% 

Total 80 

100% 

185 

100% 

39 

100% 

80 

100% 

185 

100% 

39 

100% 

80 

100% 

185 

100% 

39 

100% 

 

 

CONCLUSIONS 

The findings reported in this study provide some useful insights into the reasoning 

patterns related to decision-making and shed some light into possible reasoning 

difficulties. The participants tend to address decision making situations through short-cut 

heuristics or non-compensatory approaches and avoid employing analytic approaches. In 

addition, they resort to invalid approaches, undermined by specific reasoning difficulties, 

whereas sometimes they acknowledge the complexity of the task and state that they are 

not well positioned to process the information in a valid manner. These findings can 

serve as useful inputs in attempts to develop learning environments for promoting 

decision-making skills. In particular, they could inform and guide the design process so 

as to take into account, and address, students’ needs and difficulties.  

Another important finding of this research is that there does not seem to be a significant 

variation in the results of the categorization of responses across the three groups of 

participants. Consequently, it can be assumed that maturation, acquisition of experiences 

and exposition to conventional teaching do not seem likely to substantially enhance the 

ability to systematically and competently synthesize data in decision-making situations. 

Of course, this claim should be treated with caution due to the limited size of the sample. 

However, it is consistent with the claim made in the literature that reasoning skills do not 
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develop spontaneously (Arvai et al., 2004; Eggert & Bögeholz, 2010) and that they need 

to be anticipated as significant cognitive outcomes of instruction, in their own right, and 

be exposed to purposeful teaching elaboration (Arvai et al., 2004).   
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Abstract: Our general interest is to contribute elements to a science education that 
integrates scientific knowledge with moral and ethical values or religious or cultural 
beliefs. We collect information from secondary education students from Brazil, aged 
between 16-18 years, discussing in small groups about socio-scientific issues (SSI). 
Students answer a pre and a post test before and after carry on the debates and after 
receive some scientific instruction. The topics of debates are ‘in vitro fertilization’, 
‘stem cell’ and ‘gene therapy’. Our aim is to know about the argumentative skills, 
types of arguments, and the bases of the arguments elaborated by students to defend 
or refuse some positions. We want to know which scientific knowledge, values and 
beliefs are the bases of the arguments students elaborate to defend or attack some 
positions. The technique of systemic networks is the analytical instrument to study the 
answers to the questionnaires. For the analysis of the debates, the arguments are 
identified and categorized according our analytical framework which considers types 
of arguments linked to its argumentative schemes or patterns of arguments. The main 
conclusion of this study is that students’ arguments are mainly based on moral or 
ethical values, or on beliefs, more than on scientific knowledge. Even though the 
activity of discussion has contributed to raising students’ interest for science topics 
and to encouraging learning of scientific concepts and ideas, and also that students 
became conscious that their decisions are mainly linked to values and beliefs, or 
emotions, which need to be explicited and contrasted between students in science 
classes.      

Keywords: Argumentation, Socio-scientific Issues, Ethics in Science, Values in 
Science Education 

 

RESEARCH PROBLEM AND THEORETICAL FRAMEWORK  
The research we present here has to be understood in relation to our interest of 
contributing elements for a science education that integrates the building of scientific 
knowledge with argumentative skills and ethical and moral values and beliefs shared 
by people in the context of training students to became citizens prepared for decision-
making about socio-scientific issues (SSI). 

The SSI interests to students, discussion of these themes can be found in the media, in 
the street, and in the market, and so on; they are questions of social interest which can 
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be put to students as authentic problems which are likely to elicit personal responses. 
The science taught in school should incorporate these interests and social debates and 
also ethical and moral values. In this way, as students acquire scientific knowledge, 
they will have the opportunity to become critical citizens able to participate in social 
debates with a sound scientific basis and using ethical and moral principles and 
arguments. 

We participate of the socio-cultural perspective. In this perspective the social and 
collaborative relationship are needed for the acquisition of structures and models to 
understand the world. In this perspective it is agreed that argumentation in science 
classes should also be considered as an activity of knowledge building in relation to 
students’ previous ways of thinking and of reasoning. 

According to these considerations, we propose to students activities that include 
debates in small groups. Certain types of activities performed in science classes, as 
the ones about SSI, can contribute to the development of “critical thinking” in the 
students and to their development as citizens.   

There have been many experiences to improve scientific knowledge of students as 
well raising their interest for scientific topics through these activities about SSI that 
imply values and beliefs and affective aspects (Lagardez & Simoneaux, 2006; Sadler, 
2004; Sadler & Zeiler, 2005; Sadler & Donnelly, 2006; Zeidler & Matthew, 2003), 
but we don’t have still now very good didactical approaches to face this problem. 

Argumentation has a long tradition as an object of study. In spite of this, research into 
argumentation has been approached from several theoretical perspectives. We agree 
with authors who state that argumentation is a social practice, with specific 
characteristics, in which people elaborate arguments. A single argument is made from 
a thesis (claim) or conclusion, several premises, and the argument scheme that allows 
and justifies the transference from the premises to the thesis (Van Eemeren, &                
Grootendorst, 2004). The epistemic-rhetorical perspective (Perelman, 1982) and the 

pragma-dialectical approach which 
considers when a discussion is a critical 
dialogue (Walton, 1996; 2006) will be 
both useful for our research.  

Teaching can be considered a special form of communication and interpersonal 
relations between the teacher and the students.  
 

RESEARCH METHOD AND DESIGN  
We try to answer the following research questions: 

.Do activities about SSI that integrate ethical and moral values and religious or 
cultural beliefs with scientific knowledge, contribute to raising the interest of students 
for the learning of science? 

.What types of arguments and which premises students base on their arguments? Are 
these premises based on scientific knowledge and/or on values and beliefs? 

The information was collected from 50 students, aged 16-18 years, from a public high 
school in Brasilia (Brazil). Students discuss in groups of four about three cases related 
to human reproduction and gene therapy. Two of the cases are contextualized on two 
real cases occurred in Barcelona (a 67 years woman is made pregnant through 
hormonal therapy (HT) and in vitro fertilization (IVF); a family that tries to have a 
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baby genetically compatible with his brother that has a genetic illness). The verbal 
discussions were audio or video recorded and transcribed(1).  

The Analysis  
The first part of the analysis involves identifying the theses (claims) proposed by the 
students, the premises (ideas, beliefs or values below them) on which the theses are 
based, and the argument schemes used by the students, that means, we focus on the 
elements of the arguments. These argument schemes are then categorized according 
our framework. 

Our analytical framework is built from the types of argument schemes of Perelman 
(1982) and the lists of arguments of Walton (1996, 2006). We have proceeded from 
the theoretical framework to the analysis and from vice versa several times arriving to 
some broad categories, which have also some subcategories or kind of arguments 
(Castells, Erduran & Konstantinidou, 2010). These broad categories are:  

⋅ Quasilogical  arg.  based  on  Logical  Relations (transitivity, implications from  a  
rule;  implications from  a classification, implications from a definition, 
contradiction and incompatibility, from the proper -several topics from Aristotle-, 
etc.) 

⋅ Quasilogical arg. based on Mathematical Relations (by identity/rule of justice, of 
reciprocity or symmetry, by the inverse, of compensation, of complementarity, of 
contradiction, of comparison (by the sacrifice), of all and parts, of division/ addition, 
by probabilities, etc.) 

⋅ Facts and Consequences (pragmatic argument, argument by mean and end; from 
correlation to hypothesis, from correlation to cause, from cause to effect, from effect 
to cause, from consequences, from sign, etc.) (Linkages of Succession) 

⋅ Direction and Gradualism (the procedure by stages, of direction, the soaped slope or 
of the finger in the gear, from gradualism, of the slippery slope, of propagation, of 
overcoming, of unlimited development, etc.) 

⋅ The Waste (of waste, of sacrifice, based on opportunity, of shortcoming, of 
redundancy, of the decisive, etc.) 

⋅ Group and Component (liaison of coexistence: person & acts; group & individual, 
essence & correlation, body and physical behavior, by commitment, arg. against 
person, etc.) 

⋅ From Social Acceptation (by authority or expert opinion-person, text, institution, 
scholar rule, from popularity, ethic argument, topics of quantity and topics of quality, 
etc.) 

⋅ Double Hierarchy and More implies More (DH, of degree and order, by more -> 
more, arg. A Fortiori) 

⋅ By the Particular Case (by the example, by the illustration, by the precedence, by 
the model) 

⋅ Analogy (analogy, metaphor) 
 

We illustrate the analysis done of the elements of the arguments with one example in 
the table 1.   
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Table 1 Ilustration of the analysis of the pregnant 67 years woman (a) 
Question: Do you agree applying hormonal therapy (HT) and the IVF to that woman of 67 
years old?  
Student S1: “I don’t agree with this (T). It is a risk for a woman of such age to conceive 
babies. Very, very risking, she doesn’t have the uterus like the one she had when she was 20 
years. She is 67 years old, she will have to pass for all this: 9 months with the baby in her 
belly, to have to take cure of the baby once born, this will be to much. And, if the baby 
doesn’t be born by complications during the birth? And, if she deads during the birth? The 
birth will be not natural, it is impossible that a woman of 67 years had a natural birth  
(normal), it would be difficult. The most probable is that it will be by caesarean.”   
Thesis:  
Thesis T (global) I don’t 
agree with the application of 
HF and IVF to a old woman.  
Thesis T1: It would be 
difficult that a 67 years 
woman bears all the process 
of pregancy and the birth and 
she could dead.  
 
 
 
 
Thesis T2: The woman will 
not be able to take cure of the 
baby once born. 
 
Thesis T3: The baby can 
have health problems or to 
dead during the birth.   

Premises: 
For Thesis T: 1)Old woman.  
2)The prenacy of a old woman is a risk for her. 
For Thesis T1: 
1) Old woman 
2) Her body is not in good physical conditions as:  
-Her utherus is not like when she was 20 years old. 
-It is difficult for an old woman to bear a baby during 9 
months into her belly 
-The birth will be not natural, it will be probably by 
caesarean. 
-The woman could dead during the birth.  
For Thesis T2:  
1) Old woman  
2) Her body is not in good physical conditions (to take cure 
of a baby just born).   
For Thesis T3:  
1) Old woman  
2) There can be complications during the birth 
3) A birth with complications can cause bad effect on the 
heath of the baby or to provocate his death.  

Arguments and argument schemes: 
A: It is an argument defending the Thesis T. The prenancy of an old woman ist a big risck 
because of three reasons or partial arguments. Arg. Scheme A: Facts and Consequences 
A1: A 67 years old woman will not be able to bear all the prenancy process and the birth 
because her body doesn’t have the necessary physical conditions (utherus of an old woman, 
to have a baby in the bally that means an extra weight, the birth that will be not natural but by 
caesarean). Arg. Scheme A1: Facts and Consequences. Arg. Pragmatics. (Consequences to 
the mother) 
A2:  A 67 years old woman will not have good conditions to cure the baby once born.  Arg. 
Scheme A2: Facts and Consequences. Arg. Pragmatics. (Consequences to the baby)  
A3: As she is an old woman, during the birth can be complications that cause damaging 
effects on the health of the baby and also cause his death. Arg. scheme A3: Facts and 
Consequences. By Cause and effect scheme  
A1 T1 
 
A2 T2                                          A->T 
 
A3 T3  
Values moral and ethical, beliefs….. 
Moral Values: The mother has to take cure of the baby once born in order he can have a good  
development (implicit: physical and psicological or morally).  
Ethical Values: If the application of a therapy can cause damages to people (adults or babies) 
it doesn’t be ethical to apply this teraphy.   
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RESULTS 
Identifying beliefs, values and emotions, and scientific knowledge through the 
premises 
When students discuss about SSI, they don’t use the scientific knowledge they have; 
instead of this, their arguments are mainly based on beliefs and values students 
shared, which coincide with those given to common sense in everyday contexts. In 
some cases, students face the debate from a very personal point, as if they were a 
subject affected by the situation, saying sentences as: “it is an emotional situation, I 
could think that could be my son that need a therapy of this type or I could think that I 
could give an embryo that could be my not born son”. These types of considerations 
seems be always above the scientific knowledge when they have to take a decision.    

Other examples show students stating controversial questions not solved neither 
ethically or scientifically, as “does or doesn’t an embryo be a human life?” One 
student answers: “the embryos don’t suffer, don’t cry. They are only life when are 
into the uterus”. One student think very critically when he states: “we can consider an 
embryo as a life, but on the other side, could we sacrifice the embryo in order to have 
the option to cure some illness?” and another one says: “if the embryos were thrown 
away, it would be a very big damage because they will not be useful at all”. In this 
statement, we can identify an argument of type by Waste. 

Other examples show students stating controversial questions not solved neither 
ethically or scientifically, as “does or doesn’t an embryo be a human life?” One 
student answers: “the embryos don’t suffer, don’t cry. They are only life when are 
into the uterus”. One student think very critically when he states: “we can consider an 
embryo as a life, but on the other side, could we sacrifice the embryo in order to have 
the option to cure some illness?” and another one says: “if the embryos were thrown 
away, it would be a very big damage because they will not be useful at all”. In this 
statement, we can identify an argument of type by Waste. 

Related to types of arguments 

In the debates, the range of types of arguments (inferred through the argument 
schemes) is not very high. We find arguments of Facts and Consequences, category 
that includes, among others, argument ‘by causal nexus’ or ‘pragmatic argument’ 
which is a type of scheme based on favourable or unfavourable consequences of an 
action; arguments from Social Acceptation, as ‘argument of authority’; Quasi-logical 
arguments based on logical relations, as the ‘by definition’ argument or ‘implications 
from a rule’; the Waste argument is present also in the debates. Arguments by the 
Particular Case, as by ‘example’ or by ‘illustration’ and the Analogy argument in 
which the thesis is defended by using an analogue case, and also arguments of Group 
and Component, as the argument ‘by commitment’ and ‘by person & acts’ are 
identified. 

 

DISCUSSION AND IMPLICATIONS 
Activities related to SSI are very suited to identify beliefs and ethical and moral 
values that are in the base of many arguments of students. Discussing about these in 
the science classes seems to be not only very necessary from the point of view of 
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moral or ethics but also because these discussions could contribute also to improve 
interest and learning of the scientific concepts and ideas of students. It is important to 
say that students don’t have received any instruction on argumentation and are able to 
build good arguments and to ‘invent’ argumentative strategies to carry out the 
discussions, but they don’t incorporate scientific knowledge in their arguments. 
Research has to move in the direction to find new didactic strategies to face this 
difficult integration between science and values and beliefs.   
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NOTES 
1.The cases used in the tasks were edited in newpapers, we collect some news related 
to the tasks in the Appendix. 
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APPENDIX  
Related to Task 1: New in The Guardian Newspaper 
http://www.theguardian.com/world/2007/jan/01/spain.mainsection  
 
Spaniard, 67, becomes oldest new mother with birth of twins 
 
Dale Fuchs in Madrid 
The Guardian, Monday 1 January 2007  
 
A 67-year-old woman who gave birth to twins in a Barcelona hospital at the weekend, 
becoming the oldest new mother in the world, is expected to leave hospital in the next 
couple of days after the normal recuperation time for a caesarean birth, a hospital 
spokesman said yesterday. 

The woman and her sons are in good health after a smooth delivery, said a 
spokeswoman for the Sant Pau hospital. 

The hospital would not reveal the woman's name or other personal information, but 
the newspaper La Vanguardia yesterday said that she had had in-vitro fertilisation 
treatment in the US. Other reports said she had received the treatment in Latin 
America. 

The twins were placed in an incubator, the newspaper added. 

The woman, who comes from Andalucía, had been pregnant for the first time. She 
gave birth at the Barcelona centre because it specialises in high-risk deliveries, a term 
that usually refers to pregnant teenagers, or women who suffer an illness, the hospital 
spokeswoman told the Guardian. She is expected to be discharged tomorrow or 
Wednesday. 

The oldest woman in Britain to have had a baby is Patricia Rashbrook, a 63-year-old 
child psychiatrist, who gave birth to a 6lb 10oz boy this summer after receiving in-
vitro treatments in eastern Europe. That pregnancy provoked criticism from groups 
who said she was too old to raise a child. 

A retired university professor in Romania, Adriana Iliescu, gave birth to a daughter at 
the age of 66, in 2006. She was thought to be the world's oldest mother until this 
weekend's arrival. In 2003, a teacher in India had a baby boy at the age of 65. 

Clinics in the UK and many other countries will not help women conceive after a 
certain age in the belief that it is unfair to the child. But many people argue that men 
and women are living longer and remain more physically fit than people of previous 
generations. 

Some women hide their age to qualify for fertility help. To get treatment, a 60-year-
old British woman, who gave birth to a son in 1997, told a UK fertility clinic she was 
49. Many couples solve the problem by going to countries where the rules are less 
strict, a practice now known as "fertility tourism". British authorities have warned 
couples that some clinics abroad allow practices banned in the UK, such as implanting 
five embryos at once. 

The mature mothers join other controversies over reproductive techniques, such as the 
selection of embryos to save a sibling who is ill. The Spanish government passed a 
law this spring to allow the technique in extreme cases, and the first three families 
were recently given approval to start treatments. 
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Related to task 2: New in The Telegraph 
http://www.telegraph.co.uk/health/healthnews/8499394/Saviour-sibling-cures-sick-
older-brother.html  

 
‘Saviour sibling' cures sick older brother.  
A seriously ill child whose parents had a “designer baby” in an attempt to heal him 
has been cured. 

By Nick Britten 
The Telegraph, 5 May 2011 
 

Charlie Whitaker, who suffered a debilitating and extremely rare genetic condition, 
has been given the all clear by doctors and can now live a normal, healthy life, his 
parents, Jayson and Michelle, disclosed yesterday. 

Now aged 12, he was saved by stem cells transplanted from the umbilical cord of his 
brother Jamie, who was born by IVF specifically to provide a tissue match. 

In a case which prompted fierce debate, the Whitakers had to go to the United States 
for the procedure which was banned at the time in Britain. 

Last night Mrs Whitaker, 38, said: “People would use the term 'designer’ or 'harvest 
baby’ to talk about Jamie, to make it sound like he was born for spare parts, but that is 
completely wrong. I really like the term saviour sibling because that is what he is”. 

“Charlie is now completely healthy, I know his little brother saved him and he knows 
that too, which is wonderful”. 

“What Jamie did for his brother is extra special. I am so proud of both of them and I 
would do it all over again”. 

The Whitakers were devastated when Charlie was born with Diamond Blackfan 
Anaemia (DBA), which prevented his body making red blood cells. 

It affects as few as 700 people worldwide and just 125 in Britain. Charlie needed 
blood transfusions every two weeks and spent days in hospital. 

He also endured painful daily injections for eight hours at a time to keep his blood 
healthy. 

His parents were told that the only cure was a stem cell transplant. 

But neither of them, nor their daughter Emily, now nine, was a match for Charlie, and 
despite taking the Human Fertilisation and Embryology Authority through the courts 
they were refused permission for a “designer baby”. 

The Whitakers, of Palterton near Chesterfield, flew to America, where the procedure 
was legal, to have IVF and select an embryo with the right genetic blueprint. 

When Jamie was born in 2003, he was clear of the disease, despite having had a one 
in 50 chance of suffering it himself, and doctors performed the transplant. 

Recalling Charlie’s illness, Mrs Whitaker said: “The worst thing was when it came 
round for his injections. 

“Charlie would say, 'Why are you hurting me, you don’t really love me, please stop 
hurting me’. 
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“I still can’t bear to think about it. It’s so hard to hear your child saying that to you.” 

Charlie has been monitored constantly since the transplant but a bone marrow biopsy 
has shown no traces of DBA. 

Mrs Whitaker said: “We have been open with both the boys. Jamie knows why he was 
born but knows we would have loved him whether he was a saviour sibling or not. He 
is a bit of a miracle and he did a great thing. The boys will always have a bond 
because of it.” 
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Abstract: Students' low interest in science is partly due to the fact that science is 
presented as a collection of de-contextualised and value-free facts that are not 
connected to students' own experiences. As such, traditional school science is 
perceived to present difficulties in awakening students’ curiosity about the natural 
world, mainly because they do not see its relevance to their own lives and interests. 
During the last decades, it has been proposed that school science content should be 
taught in relation to contemporary societal issues. The PROFILES Curricular Delphi 
Study on Science Education aims to engage different, so-called stakeholders, in 
reflecting on the contexts, content and aims of science education (see Bolte & Schulte, 
contribution #1 in this book; Schulte & Bolte, 2012). In the second round of the 
PROFILES Delphi Study in Finland, science educators and scientists considered 
sustainable development as being the most preferable starting point for science 
instruction. Teachers emphasized ethical choices, everyday life and students’ interests 
whereas students preferred the health and nature contexts. From the perspective of 
instruction, students highlighted sustainable development less than any other groups 
although they consider ‘managing in nature’ more important than the teachers do. 
Themes suggested for instruction were also viewed differently: mainly the students’ 
views appear to differ from those of the other participants. Participants shared the 
same view only in the categories of evolution, human biology, genetics, chemistry, 
nuclear physics, space, geography and the basics of sciences. Methods which were 
prioritized were, for example, models which scientists and science educators had 
highlighted.  

Keywords: Delphi study, stakeholders’ views, science education 

 
INTRODUCTION 
There is a current trend towards viewing science education as being education through 
the context of science; calls for a change towards a more authentic, socially oriented 
approach has internationally produced science education approaches in which both 
decision making skills are particularly highlighted as well as the practice of discussing 
social issues related to scientific knowledge (Aikenhead, 2000; Sadler, 2011). The 
reasons for low achievement and lack of interest have been linked with the methods 
used in teaching students (Rocard, Csermely, Jorde, Lenzen, Walberg-Henriksson, & 
Hemmo, 2007). Science teaching methods influence how students engage with and 
enjoy their learning; this also impacts on how much and how well they learn. In 
Finland, Kärnä, Hakonen, and Juusela (2012) found a correlation between 
performance levels in the assessment and the working and operating methods used at 
schools in studying natural sciences. There was a high correlation between liking the 
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subject and the teaching approach where students received information about the 
development, structures and mechanisms of the world. Most European countries 
recommend science to be taught in a context that is in relation to contemporary 
societal issues (Bolte, Holbrook, & Rauch, 2012).  

This study aims to contribute to the discussion concerning context-based science 
education which stimulates students’ motivation and achievement (see Eurydice, 
2011). A major issue is the challenge of making school science more relevant and 
exciting for students as well as motivating them to pursue scientific careers.  

 
RATIONALE 
Students' poor interest in science is partly due to its presentation as a collection of 
detached, de-contextualised and value-free facts that are not connected to the students' 
own experiences (Aikenhead, 2005; Osborne, Simon, & Collins, 2003; Sjøberg, 
2002). In this sense, traditional school science is perceived to present difficulties in 
arousing students’ curiosity about the natural world, mainly because they do not see 
its relevance for their own lives and interests (Aikenhead, 2005; Bolte, 2008; 2001). 
Society oriented approaches - such as the STS (Science, Technology, Society) -
approach (Aikenhead, 2000) or the SSI (Socio-Scientific Issues) -approach (Sadler, 
2011) - may have a positive impact on school students’ cognitive structure (Havu & 
Keinonen, 2010; Keinonen, Ismail, & Havu-Nuutinen, 2008; Havu-Nuutinen, 
Kärkkäinen, & Keinonen, 2011) as well as on female students’ cognitive structure 
(Tsai, 2001). Socio-Scientific issues are controversial social issues with conceptual 
and/or procedural links to science. They are open-ended problems without clear-cut 
solutions and they tend to have multiple plausible solutions; these are based on 
scientific principles, theories, and data, but also on a variety of social factors 
including politics, economics, and ethics. SSI can be global in nature, e.g. climate 
change and the use of genetic technology, or local, such as addressing an 
environmental crisis in the neighborhood or determining the location of a new power 
plant (Sadler, 2011). 

Enhancing scientific literacy (see Gräber & Bolte, 1997; Holbrook & Rannikmäe, 
2009) has been the ultimate goal in science education. Many of the related skills can 
be addressed through argumentation activities set in societal contexts (Ekborg, 
Ottander, Silfver, & Simon, 2012; Osborne, Erduran, & Simon, 2004; Simon, 
Erduran, & Osborne, 2006; Simon & Richardson, 2009). Argumentation activities are 
important in decision making and stimulate students’ interest; associated pedagogical 
strategies are inclusive, as they draw into discussion those students who may be less 
engaged in other teaching approaches (Bolte, Kirschenmann, & Streller, 2010).  

Skills and knowledge are acquired and developed in many different contexts. The 
media, museums and even everyday life, all provide different learning environments. 
Most of the impressive skills that young people have are actually acquired in informal 
learning environments. Formal education also offers different environments and 
contexts for the arrangement of teaching (Bolte, Holbrook, & Rauch, 2012). A holistic 
approach to teaching science develops critical thinking and deeper understanding 
(Bolte, Kirschenmann, & Streller, 2010). In their Delphi study concerning 
scientific methods, Osborne, Collins, Ratcliffe, Millar and Duschl (2003) have studied 
stakeholders’ views on ‘How science should be taught’. Since then, Delphi has been 
used in association with environmental field days (Heimlich, Carlson, & Storksdieck, 
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2011), computer-supported collaborative learning environments (So & Bonk, 2010) 
and chemistry education (Bolte, 2003). This PROFILES Curricular Delphi Study on 
Science Education, which is embedded in the PROFILES Project (2010) and carried 
out by the different partners at a national level in their countries, focuses on aspects of 
science education that are considered relevant and pedagogically desirable for the 
individual, both in society today and in the near future. The second round of the study, 
as also carried out in Finland (and in the other ‘PROFILES countries’), focuses on the 
questions:   

1. Which characteristics do the stakeholders consider as being important in a desirable 
science education? 

2. Which conceptual frameworks are considered as being necessary and important for 
science education? 

 

METHODS 
In the first round of the Delphi study, three open questions offered participants the 
possibility to express their ideas about aspects of contemporary and pedagogically 
desired science education; motives, situations, contexts, fields, aspects and 
qualifications. 

In the second round, having been informed about the allocated categories (85 
categories totally, Figure 1) of the first round, participants were asked both to 
prioritize the given categories and to assess to what extent the aspects in them are 
realized in practice (Bolte, 2003; Schulte & Bolte, 2012). 

 
Figure 1. Categories found in the first round of the PROFILES Curricular Delphi 
Study on Science Education in Finland 

 

I:  
Situation, event  
or motives, 
N=19 

II a:  
Contents and 
themes: 
Perspectives, N=14 

IIb:  
Contents and 
themes: 
Themes, N=18 

III: Qualifications, 
knowledge and skills, N=20 

IV:  
Contents and 
themes:  
Methods, N=16 

Managing in nature  
Ethical choices 
Interest/knowledge 
 
Everyday life  
Health and medicines 
Nature and nature 
phenomena 
Food and nutrition 
Sustainable 
development 
Technology and 
traffic 
 
Biology issues 
Physics issues 
Chemistry issues 
Geography issues 
 
Working life 
 
Moving around  in 
nature 
Media  
Societal involvement 
Accidents 
Situations at school 

Sustainable 
development 
Energy 
Health/medicine 
Nature phenomena  
Technical devices 
Managing in nature 
Safety 
Food and nutrition 
Global warming 
Chemical reaction  
Water 
Home economics 
First aid 
Societal issues 
 
 

Plants, berries, 
musrooms 
Animals 
Evolution 
Human biology 
Ecology 
Genetics 
 
Chemistry: 
substances  
Carbon  
Chemical 
methods    
 
Electricity 
Mechanics 
Optics 
Nuclear physics 
Sound 
Space 
Thermodynamics 
 
Geography 
  
Basics of sciences 
 
    

Qualifications  
To act for sustainability 
To make healthy choices 
To contribute to safety 
 
Eligibility for further studies 
Respect for nature 
Interest in sciences 
 
Knowledge 
In general/about energy 
Be able to act/make choices 
 
Skills 
To act/take care of one’s 
own life   
Exploit or apply      
Enter into discussion  
Search and read information 
Value 
 
To understand  the 
relationships between 
nature, technology and 
society 
 
Technical and ICT  To 
generalize and combine 
Problem solving skills To 
generalize  
Inquiry skills 
 
Critical thinking 
Skills for innovation 

Maps      
Spatial information 
applications 
 
Nature of science 
Models 
Learning through 
phenomena 
 
Inquiries 
Critical thinking 
Applying 
 
Calculating and 
measuring 
 
Affective approaches 
Interest as starting 
point 
Societal participation 
 
System thinking 
Cause-effect relations 
Future viewpoint  
Entrepreneur 
approach    
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In order to identify concepts that are considered important regarding science 
education, the participants were also asked to combine the given set of categories: 
situations, contexts and motives; contents and fields (perspective, themes, methods); 
and qualifications (Schulte & Bolte, 2012). An electronic mail including the link to 
the e-questionnaire was sent to the participants of the first round. Later also some 
other participants was asked to join the study. Participants are presented in Table 2. 

 
Table 1 

Participants of the Study 

 Students Student 
teachers 

Teachers Teachers 

together 

Science 

educators 

Scientists Total 

 

Number of 
participants 
round 1 

76 39 25 64 25 22 187 

Number of 
participants 
round 2 

30 11 22 32 26 21 110 

Number of 
participants 
round 2 taking 
part also in r. 1 

30 10 22 31 22 18 101 

 

The questionnaire data was analyzed by means of descriptive and variance analytical 
methods.  

 

RESULTS 
Priorities 
The mean of the highest priorities of situation, event or motive for all participant 
groups is presented in Table 2. With the exception of students who preferred the 
nature and health contexts, sustainable development as a context was prioritized most 
highly by all other groups. The priorities in situations for different stakeholder groups 
are compared in Figure 2. 

Sustainable development and energy were also preferred as a perspective by all except 
the students, who prioritized first aid. The theme ‘Basics of science in general’ was 
highlighted by all other groups except the students; they preferred human biology.  
The use of critical thinking as a starting point, was pointed out by all except the 
students; they preferred interest, also for use as a future viewpoint. Concerning 
abilities science educators and scientists pointed out problem solving; teachers 
preferred skills to act and critical thinking; students highlighted the ability to act for 
sustainability, making a contribution to safety and being eligible for further studies.  
Variance analysis was used to compare the participant groups (Table 3).   
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Table 2  

The priority of the situation, event or motive (scale from 1 to 6) 

Situation, event or motive 
Stakeholders’ priority 

Mean 
Standard 
Deviation 

Valid 
N 

Science educators    

A2 ethical choices/consumption 5.54 .588 24 

A6 nature/nature phenomena/nature catastrophes 5.17 .761 24 

A8 sustainable development (recycling, waste, nature 
protection, cultures, environmental problems) 

5.63 .576 24 

A10 biology content (plants, animals, berries, 
mushrooms, evolution, gene modification) 

5.17 .761 24 

Scientists    

A8 sustainable development (recycling, waste, nature 
protection, cultures, environmental problems) 

5.11 .832 18 

Teachers    

A2 ethical choices/consumption 5.06 .759 32 

A3 interest/knowledge 5.03 .706 31 

A4 everyday life (pets,garden,living, hobbies,tourism, 
actions at home) 

5.06 .840 32 

Students    

A5 health (health, medicines, human being, beauty 
care) 

4.79 1.082 29 

A6 nature/nature phenomena/nature catastrophes 4.79 .861 29 

 

4 4,2 4,4 4,6 4,8 5 5,2 5,4 5,6 5,8

A10 biology content 

A8 sustainable 
development 

A6 nature

A5 health

A4 everyday life 

A3 interest/knowledge

A2 ethical choices

Science educators

Scientists

Teachers

Students

Figure 2. Priorities in Situations Chosen by Stakeholders 
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Table 3 

Comparisons of stakeholders’ views in situation, event or motive categories   

Situation, event or 
motive 

Science 
educators 

(n=24) 

Scientists 

(n=18) 

Teachers and 
teacher students 

(n=32) 

Students 
upper 

secondary 

(n=30) 

Mean SD Mean SD Mean SD Mean SD 

A1 managing in 
nature 

4.42a .929 3.44b .705 4.25a,b .950 4.03a,b 1.426 

A2 ethical choices 5.54a .588 4.89a,b .963 5.06a .759 4.25b 1.206 

A3 interest, 
knowledge 

4.87a,b 1.035 4.56a,b 1.149 5.03a .706 4.25b .799 

A4 everyday life 4.88a,b .947 4.50a,b 1.150 5.06a .840 4.31b 1.257 

A5 health 4.79a .721 4.50a 1.150 4.59a 1.103 4.79a 1.082 

A6 nature 5.17a .761 4.50a .786 5.00a .775 4.79a .861 

A7 food 4.70a .822 4.00a 1.029 4.39a 1.145 4.57a 1.136 

A8 sustainable 
development 

5.63a .576 5.11a,b .832 5.13a,b .806 4.59b 1.181 

A9 technology and 
traffic 

4.67a 1.090 4.39a .916 4.52a 1.029 4.03a 1.210 

A10 biology contents 5.17a .761 4.11b 1.079 4.72a,b .958 4.59a,b 1.119 

A11 physics contents 4.96a .806 4.78a,b 1.003 4.81a .931 4.10b 1.263 

A12 chemistry 
contents 

5.00a .834 4.83a,b 1.043 4.94a .801 4.21b 1.146 

A13 geography 
contents 

5.21a .658 4.72a 1.018 4.74a .893 4.64a 1.129 

A14 working life 4.38a 1.313 4.00a 1.275 4.03a 1.062 4.34a .857 

A15 moving in nature 5.08a .881 3.67b 1.085 4.44a,b 1.105 4.28b .922 

A16 media 4.42a .929 4.17a .924 4.28a .888 4.32a 1.056 

A17 societal 
involvement 

5.08a .881 4.50a,b .924 4.53a,b .915 4.00b 1.145 

A18 accidents 3.83a 1.090 3.94a .938 3.75a 1.047 3.57a 1.357 

A19 situations at 
school 

4.58a 1.100 4.11a,b 1.231 4.52a 1.029 3.37b 1.189 

Note: Values in the same row and subtable not sharing the same subscript are 
significantly different at p< 0.05 in the two-sided test of equality for column means. 
Cells with no subscript are not included in the test. Tests assume equal variances.Tests 
are adjusted for all pairwise comparisons within a row of each innermost subtable 
using the Bonferroni correction. 
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The science educators’ prioritization of ‘managing in nature’, ‘biology content’ and 
‘spending time in nature’, differs from that of the scientists and regarding the starting 
point for science education, the teachers’ view of ‘ethical choices’ differs from that of 
the students. 

Differences in priority and practice 
All the groups view science concepts as being the most general approach in practice at 
schools. From the perspective of teaching, the most general contexts viewed were; 
‘chemical reactions and water’ by science educators; ‘water’ by scientists; ‘chemical 
reactions’ by teachers and ‘global warming’ by students. All groups consider the 
theme ‘human biology’ as being very general at schools and science educators and 
scientists think that maps are widely used; teachers and students considered that 
calculating and measuring is a general approach. All groups except the scientists 
emphasized eligibility for further studies; the scientists pointed out knowledge to be 
able to act and ICT skills.  

Science educators and scientists prioritized ‘managing in nature’ more highly than 
how they see it is used as a context in practice (Table 4), for the same reasons science 
educators also prefer ‘ethical choices’. Both groups believe that the differences are 
greater than how they are viewed by the students. Science educators perceived most 
of their expressed priorities more highly than they perceive the situation to be in 
practice. Teachers experience the chemistry content as being more general in practice 
than it is in their priority, other categories being less general than they would wish. 
Students viewed that starting teaching from scientific concepts is more common in 
practice than they would like it to be. 

The comparison between priorities and practices in situation, event or motive is also 
shown in Figure 4. Only biology content is perceived to be more presented at schools 
than is wished particularly by students and scientists. Science educators seem to be 
more of the opinion that there exists a big difference between the wished and practical 
situation. 

 
Figure 4. Difference in Situations 
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Table 4 

Mean differences (priority minus practice) in situation, event or motive 

Situation, 
event, or 
motive 

Science 
educators Scientists Teachers  Students  

M SD N M SD N M SD N M SD N 

A1 
managing in 
nature  

1.67 1.049 24 0.62 0.768 13 1.41 0.946 32 0.96 1.224 27 

A2 ethical 
choices  

1.87 1.116 24 1.23 1.092 13 1.25 1.191 32 0.81 1.570 27 

A3 interest 
knowl. 

1.13 1.254 23 1.00 0.707 13 1.13 0.991 31 0.70 1.103 27 

A4 
everydaylife 

1.04 1.083 24 1.00 0.913 13 1.00 0.950 32 0.89 1.100 28 

A5 health  1.00 1.251 24 0.69 0.855 13 0.88 1.008 32 0.86 1.458 28 

A6 nature  0.83 1.090 24 0.54 0.660 13 0.61 0.761 31 0.46 0.999 28 

A7 food 0.87 1.217 23 0.50 0.905 12 0.81 0.980 31 0.85 1.231 27 

A8 sust. 
developm. 

1.71 1.042 24 1.00 1.225 13 0.90 1.076 31 0.57 1.752 28 

A9 technol. 1.46 1.560 24 1.00 0.913 13 0.71 1.039 31 0.61 0.832 28 

A10 
biol.cont. 

0.79 0.833 24 -0.08 1.441 13 0.06 1.014 32 -0.39 1.166 28 

A11 physics 
content  

0.50 1.103 24 0.46 1.050 13 0.03 0.933 32 -0.46 1.478 28 

A12 ch.cont.  0.54 1.103 24 0.85 1.068 13 0.00 0.842 32 -0.46 1.201 28 

A13 geo.  
cont.  

0.71 0.955 24 0.46 1.050 13 0.19 1.014 31 -0.22 1.281 27 

A14 work 
life  

1.46 1.693 24 1.17 1.030 12 0.94 1.268 32 1.00 1.305 28 

A15 time in 
nature 

1.75 1.189 24 0.31 0.855 13 0.97 1.121 32 0.96 1.427 28 

A16 media  0.83 1.049 24 0.54 1.050 13 0.69 1.203 32 0.52 0.975 27 

A17 societal 
involvement 

2.21 1.382 24 1.38 0.961 13 1.50 0.950 32 0.67 0.758 30 

A18 
accidents  

0.58 0.929 24 0.92 0.862 13 0.72 0.772 32 0.40 0.894 30 

A19 
situations 

0.92 1.176 24 0.54 0.967 13 1.19 1.014 31 0.13 1.074 30 
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Concepts of science education 
In the cluster analyses three concepts seem to present best stakeholders’ view. These 
concepts are presented below. 

Concept I: Studying scientific knowledge which is needed when moving around and 
managing in nature, acting according to sustainable development and in societal 
participation.  
Science will be studied through everyday situations, nature phenomena or societal 
participation, gaining knowledge and skills which will help in making ethical, 
sustainable choices, for example regarding nutrition and food as well as health. 
Important skills are also critical thinking, taking care of one’s own life, respecting 
nature and enhancing sustainable development. Knowledge about issues such as 
energy, water and climate change, are important from the viewpoint of environmental 
protection and for understanding the relationships between society and science. 

Concept II: Studying which is based on interesting issues in the media, events at 
school or different types of accidents. Science studies enhance problem solving skills 
which are needed in working life. 
Science will be studied by examining technology, current events and situations in 
working life. The science issues to be studied are related to how equipment works, 
first aid, dangerous substances and events, as well as situations in the home. Studies 
enhance important professional skills such as finding, interpreting and applying 
information, as well as problem solving and innovation skills. Skills which should be 
acquired are, for example, technical skills and the skill to evaluate and take part in 
societal actions and discussions. The student will become interested in science and 
will acquire abilities to participate in further studies.  

Concept III: Studies which will enhance important, scientific, interdisciplinary 
understanding concerning scientific methods and concepts, the goal being to develop 
the student’s intelligence.   
Studying science helps in understanding the results of basic science studies and 
research methods, develops student’s skills of analysis and enhances the ability to 
observe different viewpoints. Becoming familiar with current science research helps 
the student to understand how research results and methods support scientific research 
and its applications, as well as being interdisciplinary. Examples of important contents 
to be studied are substances, chemical reactions, models and technical equipment. 
Abilities which should be acquired are, for example, decision making skills, applying 
knowledge and creative thinking. 

 
DISCUSSION AND CONCLUSIONS 
Finnish stakeholders prioritized in the second round in a varied way the categories 
found in the first round of the study. The stakeholders mainly prioritized learning in 
the context which is near the students’ life; students perceive the relevance of learning 
for their life (cf. Aikenhead, 2005; Osborne, Simon, & Collins, 2003; Sjøberg, 2002; 
Bolte, 2008; 2006; 2001). However, the current practices at schools to start teaching, 
according to the participants, differ from those they wish to be used. The view of the 
current practices is in accordance with the study of Kärnä et al. (2012). A holistic 
approach to teaching science has been supported by the stakeholders through 
combinations of the categories which may develop the abilities pointed out such as 
critical thinking (cf. Bolte, Kirschenmann, & Streller, 2010). 
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Stakeholders prioritized socio-scientific issues such as sustainable development and 
health supporting the use of the STS (Aikenhead, 2000) or the SSI -approach (Sadler, 
2011). Water and energy issues were highly assessed by all other groups except 
students who mostly prioritized first aid. Participants also pointed out conceptual 
learning through prioritizing biology, chemistry, geography or physics issues. 
However, also through socio-scientific issues conceptual learning can be promoted 
(cf, Havu & Keinonen, 2010; Keinonen, Ismail, & Havu-Nuutinen, 2008; Havu-
Nuutinen, Kärkkäinen, & Keinonen, 2011). Concerning learning outside the schools, 
only learning in nature was highlighted. Formal education also offers different 
environments and contexts for the arrangement of teaching; for example the use of 
media was prioritized (cf. Bolte, Holbrook, & Rauch, 2012). Students perceived that it 
is very important to acquire skills and knowledge for managing in nature. All groups 
except the students pointed out inquiries as a method and students perceived science 
education more to be learning about scientific concepts than the other groups did. 

In summary, context-based teaching was prioritized by the stakeholders higher than it 
was perceived to be used at schools (cf. Kärnä et al., 2012). Activities were highly 
prioritized which enhance critical thinking, problem solving skills, ICT skills and 
skills for searching for and reading information (cf. scientific literature by Gräber & 
Bolte, 1997; or Holbrook & Rannikmäe, 2009). A desirable science education model 
may be teaching in the context of sustainable development; spending time in nature, 
using ICT and methods demanding problem solving and critical thinking. 
Argumentation was also pointed out (cf. Ekborg, Ottander, Silfver, & Simon, 2012; 
Osborne, Erduran, & Simon, 2004; Simon, Erduran, & Osborne, 2006; Simon & 
Richardson, 2009). Besides argumentation as ability also inquiry as a method were 
prioritized highly. Based on these results, it can be concluded that the PROFILES 
three-stage model (Bolte et al., 2012) could lead towards science education perceived 
desirable by Finnish stakeholders.   
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Abstract: In this paper we discuss the notion of context, often mobilised in research 
about relationships between language and science education. Referenced by the field 
of discourse analysis, we present different definitions of context and comment upon 
their appropriations by and their implications for science education research. We argue 
that, although the analysis of context acknowledges relevant, though often neglected, 
aspects in the study of meaning making in science education, in the absence of deeper 
theoretical and methodological discussions, there is a risk of disregarding fundamental 
aspects of the link between meanings and contexts in data analysis and, in this way, of 
establishing linear relationships of cause and consequence between textual and 
contextual aspects. 

Keywords: context, discourse analysis, science education 

 

MOTIVATIONS AND OBJECTIVE 

In the dialogue between the fields of Science Education (SE) and of Discourse 
Analysis (DA), the notion context has often been mobilised in the analysis of 
relationships between forms of verbal expression and aspects of social practices in 
which these expressions occur. Following the work of Edwards & Mercer (1987), 
Lemke (1990), Ogborn, Kress, Martins & McGillicuddy (1996), science education 
researchers have invested, for instance, in understanding: (i) theoretical and empirical 
investigations about discursive dynamics in science classrooms (Mortimer & Scott 
2002); (ii) the importance, limits and possibilities of the development of argumentative 
practices (Erduran & Jimenez-Aleixandre 2007) and; (iii) opportunities and challenges 
implied in the proposition and realisation of both research and practices aimed at 
promoting scientific literacy (Martins 2011; Kelly 2011). In all these pieces of work, to 
a greater or lesser extent, there is an effort to relate text and context in order to 
establish relationships between forms of (verbal) expression and aspects of social 
practices they are embedded. Thus, the interdependence between text and context, 
found in many strands of DA, justifies the effort described in this paper to explore 
aspects of the polysemy around the notion of context and to discuss both the nature 
and consequences of its appropriations in SE.  

 

THE POLYSEMY AROUND CONTEXT 

The extra-linguistic dimension in Bakhtin’s philosophy of language 
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Bakhtinian perspectives are especially important for Science Education as they have 
been quite influential for the understanding of discursive patterns in science 
classrooms in terms of categories such as dialogism and interaction (e.g. Mortimer and 
Scott 2002). Although we may not find explicit definitions of the concept of context in 
Bakhtin’s work, the author makes numerous references to this idea when discussing 
extra-linguistic aspects of the utterance. The rupture with dominant views associated 
both to abstract objectivism and idealistic subjectivism allowed Bakhtin to redefine he 
sign, beyond the Saussurean signified-signifier relationship, in terms of ideological 
investments, of the participants' social organisation and of the discursive interaction 
itself (Bakhtin 1997). It is possibly right to say that it is probably in Bakhtin that we 
can find earlier formulations of ideas about the inseparability of language, history and 
society that, in one way or another, wereti be developed by different theoretical 
perspectives along the 20th century.  

Early views on context in Linguistics  

According to Halliday and Hasan (1985), the idea of context that prevails in 
(functional) linguistics is strongly influenced by Bronislaw Malinowski’s work in 
Anthropology. Malinowski has established the importance of (i) descriptions of the of 
spatiotemporal features of situations of language use and (ii) knowledge about 
relationships between participants and about the habitual and ritualised character of the 
situations’ cultural history. These two aspects became known as the ‘context of the 
situation’ and the ‘context of culture’ and it was based upon such views that authors 
such as Firth and Hymes have problematized and incorporated the concept of context 
in linguistic theories, beyond the idea of an immediate grammatical environment (what 
comes before or after a sentence). Halliday and Hasan (1985) emphasise that it is 
possible to find in Firth’s accounts the idea that not only are participants’ discourses 
influenced by contextual aspects but they also have an impact on both the dynamics 
and nature of interactions. Likewise, the authors highlight the ways through which 
Hymes’ Communication Ethnography deals systematically with the ways through 
which aspects such as roles of participants, characteristics of scenarios, media, text 
genre etc. 

Context in Social Semiotics and in Systemic Functional Linguistics 

Approaches linked to theories of Social Semiotics (Hodge & Kress 1988) and 
Systemic Functional Linguistics (Halliday 1978) have systematically explored 
contextual variables in a number of ways.  For instance, Halliday unfolded its analysis 
in several aspects related: (i) to what is happening and to the actions involved in the 
discourse situation (field); (ii) to the social roles of participants (tenor), and (iii) to the 
(rhetoric) mode and role assigned to language. Halliday and Hasan (1985) have argued 
that notion of context not only helps explain idiosyncratic constructions of meaning 
and specific difficulties in communication but also accounts for how shared meanings 
and anticipations make effective communication possible. 

Halliday and Hasan (1985) explain that the notion of context allows for the 
interpretation of idiosyncratic constructions of specific meanings and difficulties in 
communication as well as for the understanding of shared construction that enable 
communication and meaning making. For the authors, this is due to the possibility that 
participants who are immersed in the context of a discursive situation have to 
anticipate what the other will say. Thus, for the linguist who wishes to explain verbal 
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interactions, is the context that gives the fundamental clues to understand how such 
anticipations that enable communication. 

Such approaches have provided the theoretical bases for a number of studies on 
different aspects of the language of science (Halliday & Martin 1993; Martin & Veel 
1993).  

Context in Critical Discourse Analysis 

CDA has been used to frame studies about science textbooks (Lemke 1993; Martins 
2006), teacher talk in science classrooms (Hanrahan 2006), interactions in science 
museums (Rowe 2011) etc. and provided insight on relationships between discursive 
patterns and issues such as identity and activity in educational settings.  

Heavily influenced by Halliday’s Systemic Functional Language (Halliday 1985) and 
by Social Semiotics (Hodge & Kress 1988), Critical Discourse Analysis (CDA) is a 
theoretical-methodological approach that treats meaning making as inextricably linked 
to features of the social structures and practices. 

In CDA, the notion of context appears indirectly with reference to Bernstein’s concept 
of recontextualisation (Fairclough 2003). The definition of context is less important 
than the analysis of the principles governing the processes through which texts, 
discourses, and other elements of a given social practice are appropriated and 
transformed when they are incorporated into another social practice. Context is usually 
qualified (social, political, public context etc.) and used in a way that blurs the 
boundaries between the notions of 'context of situation' and 'context of culture'.  

Context as a sociocognitive interface 

Unlike Fairclough, van Dijk argues that, although communication has a sociocultural 
nature, it is not completely determined either by features of the here-and-now in 
discursive interactions or by macrosocial structures that regulate these events. Instead, 
participants’ mental representations play the role of a sociocognitive interface between 
verbal expression and discourse processing (van Dijk 2001). He introduces a cognitive 
dimension in the discussion by proposing the idea of contextual. In other words, 
although they have a sociocultural nature, communicative experiences are not solely 
determined either by the characteristics of the here-and-now of the discursive 
interactions or by the macro- structures that regulate these events. Instead, mental 
representations of each of the participants play the role of a sociocognitive interface in 
discourse processing and in verbal expressions (van Dijk 2001). From this perspective, 
the notion of context includes, in addition to situational and sociocultural elements, 
individual and subjective representations and events or situations in a person's episodic 
memory. Based on the theory of mental models (Johnson & Laird 1983) van Dijk 
examines the context in terms of categories such as: the scenario where interactions 
occur, the participants and their roles, the social functions of discourse, 
communication goals and the knowledge that is relevant to the production and 
interpretation of discourse. Such perspective explains why participants who share 
experiences of sociocultural and situational nature still produce different responses to 
discursive situations they take part in.  

Context for French Discourse Analysis  

In terms of the strand of discourse analysis that is referenced to Pêcheux and Orlandi, 
references to the notion of context lie in discussions of the 'conditions of discourse 
production' (Orlandi 1983). These include historical, social, ideological elements that 
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are constitutive of the situation of enunciation and to aspects of exteriority. There is no 
split between text and context, though both authors admit the idea of extra-linguistic 
context. Differently, for Maingeneau, the notion of context, although not pre-
established or stable, corresponds to what goes beyond the physical environment and 
circumstances around utterances, and include both the verbal statements which 
immediately precede them as well as participants’ shared knowledge. Context is thus 
essential to analyse meanings as well as to resolve ambiguities in text (Maingeneau 
2008). Documental and interview analyses have highlighted the potential of such 
theoretical perspectives in the development of critical reading practices as well as in 
understanding authority issues present in interactions between teacher educators, 
practising scientists and both pre-service and in-service teachers (Almeida 2004).  

Synthesis 

From this brief discussion, one can see that none of the approaches admits 
independence or autonomy of meaning over context. However, the dialectic nature, 
typical of CDA approaches, does not entirely map the mutually constitutive character 
between text and context that characterises, albeit differently, Pêcheux’s discourse 
analysis and Bakhtinian approaches. While some strands admit that meanings can be 
determined by context, be it of a sociohistorical (like in Pêcheux and Orlandi) or 
cognitive (like in van Dijk) nature, others consider this relationship simply as one of 
influence (e.g. Fairclough). Besides, even postulating dependency relationships 
between text and context, the approaches differ with respect to how each one relates to 
linguistic and extra-linguistic elements in the analysis of meaning making. For 
example, Hallidean attempts to establish correspondences between textual and 
contextual features contrast with approaches where conceptual definitions are 
theoretically sound but do not make analytical devices explicit. 

 

DISCUSSION: IMPLICATIONS FOR SCIENCE EDUCATION 

In general, SE research has used the notion of context without committing to its 
underlying epistemological or methodological assumptions (Pinhão & Martins 2009). 
This is reflected by the lack of specificity that the term context acquires in several 
publications, where it merely denotes what is "around" the discursive interaction and 
possess different nature: linguistic (what was said immediately before or after), 
discursive (memories or meanings shared by participants), social (information about 
participants’ professional experience and/or socio- economic background), or 
psychological (data concerning participants’ expectations, interests, beliefs and 
attitudes). 

The relationships between text and context, as well as between these and processes of 
contextualisation, may be helpful to think about tensions between choices of ‘what to 
teach’ and ‘approaches of how to teach’, ever so present in science education 
curriculum development.  

The contribution of the problematisation between text and context, as found in 
discourse studies, also calls our attention to the dangers of reifying context. 
Approaches that consider context as something which is dynamically constructed in 
interactions, instead of as a ‘given’ or as something that exists ‘out there’, are also 
more akin to constructivist views on teaching and learning. 
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Another potential danger to be avoided is that of establishing causal relationships 
between text and context that disregard theoretical and methodological aspects that 
mediate connections between textual meanings and contexts. Tempting though it is, in 
the absence of deeper considerations about social and cultural mechanisms or 
relationships, linear associations between contextual features (e.g. between socio-
economic/linguistic background and students’ performance) may reinforce stereotypes 
or prejudices. 

There is also a pitfall connected to how much knowledge about context is needed to 
signify an educational event. Discourse perspectives will point to the inherent 
incompleteness of all analyses and that we will never be able to relate a discursive 
events to all potentially relevant contextual aspects. The departure from an ‘objective’ 
view of context and the consideration of the highly selective and interested character 
of our roles as both researchers and practitioners is therefore an essential lesson from 
DA.  

Last but not least, one must not forget to consider that to put something in context 
entails commitments not only to epistemological stances but also to socio-political 
ones. Therefore, problematising of context from discursive perspectives leads us to 
pose questions such as: which voices are silenced? which tensions are blurred? which 
ideologies are favoured? to whom/what does a given perspective or formulation serve? 
does it reinforce established views or does it lead to (social) change?  

Having said all that, it is important to acknowledge that apart from alerting against 
potential pitfalls, the dialogue between DA and SE has allowed positive explicit 
consideration of important elements (lexical choices, patterns of interaction, and 
alternating dominance shifts), which relate not only to the characteristics of the 
immediate situation (e.g. lesson duration, role of textbooks) but also to other relevant, 
yet more remote, factors (e.g. school’s cultural organisational, representations of 
science in society). Also, there has been an effort to (i) build/adapt methodological 
tools to make the dialectic nature between text and context explicit as maps of events, 
in which the definition, meaning and organisation of units of analysis emerge 
according to the nature, form and dynamics of interactions (Martins 2006) and (ii) 
theoretical frameworks that incorporate contextual elements in the form of a language 
of description (Ogborn, Kress Martins & McGillicuddy 1996) or as analytical tools 
(Mortimer & Scott 2002).  

In any case deeper analyses are needed in order to explore the pitfalls of disregarding 
theoretical and methodological aspects that mediate connections between textual 
meanings and contexts and, in doing so, to explore the full potential of discourse 
perspectives to science education.  

 

Acknowledgements 

Brazilian Research Council (CNPq) is gratefully acknowledged for financial support. 

 

REFERENCES 

Almeida, M. J. P. M. (2004).  Discursos da Ciência e da Escola: Ideologia e Leituras 

Possíveis. Campinas-SP: Mercado de Letras 

Strand 8 Scientific literacy and socio scientific issues

1445



Bakhtin, M. M. (Voloshinov) (1997). Marxismo e Filosofia da Linguagem. São Paulo: 
Hucitec 

Edwards, D. & Mercer, N. (1987). Common Knowledge: the development of 

understanding in the classroom. London: Methuen & Co.  

Erduran, S. & Jiménez-Aleixandre, M. P. (2007). Argumentation in Science 

Education : Perspectives from Classroom-Based Research . Dordrecht: Springer.                   

Halliday, M. & Hasan, R. (1985). Language, context, and text: aspects of language in 
a social semiotic perspective. Victoria: Deakin University Press. 

Halliday, M. A. K. (1978). Language as social semiotic. London: Edward Arnold 

Halliday, M. A. K. & Martin, J. R. Writing Science. London: The Falmer Press 

Hanrahan, M.U. (2006). Highlighting hybridity: A critical discourse analysis of 

teacher talk in science classrooms. Science Education, 90(1), 8–44. 

Hodge, R. & Kress, G. (1988). Social Semiotics. Ithaca, NY: Cornell University Press 

Johnson-Laird, P. N. (1983). Mental Models: Towards a Cognitive Science of 

Language, Inference, and Consciousness. Cambridge, MA: Harvard University 
Press 

Kelly G (2011). Scientific Literacy, discourse, and epistemic practices. In Linder, C.; 
Östman, L.; Roberts, D.,;Wickmann, P.-O.; Erickson, G.; D. McKinnon,  A. 
(Eds.). The landscape of scientific literacy. 1ed.New York: Routledge/Taylor and 
Francis, p. 61-73 

Lemke, J. (1990). Talking Science .Norwood, N J: Ablex Publishing Co. 

Lemke, J. (1993). Multiplying meaning: Visual and verbal semiotics in scientific text. 
In Martin, J. R.  & Veel R. (Eds.), (pp. 87–113), op. cit.  

Maingeneau, D. (2008). Análise de textos de comunicação. São Paulo: Cortez  

Martin, J. R. & Veel, R. (Eds.) (1993) Reading science: Critical and functional 

perspectives on discourse of science (pp. 87–113). London: Routledge. 

Martins, I. (2006). Dados como diálogo: construindo dados a partir de registros de 
observações de sala de aula. In: Santos, F. M. T.; Greca, I. M.. (Org.). A Pesquisa 
em Ensino de Ciência no Brasil e suas Metodologias. 1a ed. Ijuí: Editora da 
Unijuí, p. 297-321. 

Martins, I. (2006). Analisando livros didáticos na perspectiva dos Estudos do 
Discurso: compartilhando reflexões e sugerindo uma agenda para a pesquisa. 
Pro-Posições (Unicamp), Campinas, SP, v. 17, n.1 (49), p. 117-136 

Mortimer, E. & Scott, P. (2002). Meaning making in secondary classrooms. 
Buckingham: The Open University 

Ogborn, J., Kress, G., Martins, I. & McGillicuddy, K. (1996). Explaining Science in 
the Clasroom. Buckingham: The Open University 

Orlandi, E. P.  (1983). A linguagem e seu funcionamento .Campinas, SP: Pontes 

Pinhão, F. L. & Martins, I. (2009). A análise do discurso e a pesquisa em ensino de 
ciências no Brasil: um levantamento da produção em periódicos entre 1988 e 
2008. In Anais do VII Encontro Nacional de Pesquisa em Educação em Ciências, 
Florianópolis, Brasil 

Strand 8 Scientific literacy and socio scientific issues

1446



Rowe, S., (2011). Discourse in activity and activity as discourse (revised). In R. 
Rogers, (Ed). An introduction to critical discourse analysis in education, second 
edition (pp. 227-241). New York: Routledge. 

Van Dijk, T. (2001). Algunos princípios de una teoría del contexto. ALED Revista 

Latinoamericana de Estudios del Discurso, (1) 1, pp. 69-81 

Strand 8 Scientific literacy and socio scientific issues

1447



CULTURAL CONTEXT FOR SCIENCE EDUCATION 

 

Antonia Candela 

Abstract: It is not a new idea that cultural variations produce changes in the thinking 

procedures as well as in perceptual inferences from the natural endeavors (Mead, 1946; 

Cicourel, 1974; Bruner, 1984). Also for Vygotsky (1987), learning depends on the socio-

cultural and socio-historical context in which it is produced. For him, language, as an 

important part of culture, influences on what is perceived because children interiorize 

some conceptions from their socio-cultural milieu that determine what they can observe 

and interpret from nature. In this work I will support the importance of taking into account 

the cultural context in order to develop a constructivist and democratic science education 

in two levels. The first one, a macro level, is related with the changes of the cultural 

context of the global society and the role of science in the actual world. Questioning some 

positivistic and discriminatory perspectives of science, I will proposed the relevance of 

consider, in science education, the cultural and historical context of science theories and 

constructions, in order to understand its ethnocentric origin and to analyze other 

conceptualizations of the natural world developed in different cultures, that have 

contribute with important ideas to universal knowledge. The second level, a more micro 

one, has to deal with the cultural context of the interaction between teachers and students 

in order to understand how the children from different cultures can construct scientific 

concepts taking into account their previous cultural ideas. A discussion around what can 

be done with different cultural conceptualizations is developed in this paper.  

Keywords: Cultural context; Ethnic knowledge; Conceptual change; Intercultural science 

education.  

 

CULTURAL DIVERSITY 

In this work I will support the importance of taking into account the cultural context in 

order to develop a constructivist and democratic science education in two levels.  

At the first one macro considerations are taken into account. If we start out by recognizing 

that human beings are biologically similar but culturally diverse, we may assume that 

different conceptions regarding the natural world can arise from this cultural diversity. 

The Social Studies of Science have state that science is a cultural and historical 

construction (Elkana, 1983; Latour, 1987) among other cultural conceptualizations of the 

natural environment. However in actual global world, science is one of the most important 

forms of imposing an ethnocentric system of epistemology as the only factual and 

universal truth that hinders the relationship with its cultural background. Those statements 

respond to some economical and power interests (Giordan, 1982). Science and technology 

developments are not neutral and objective. Science perspective must be taught as an 

important part of this world. But it is important to recognize in teaching, that science as a 
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cultural and historical construction has a reach and limitations like the rest of conceptions 

of the natural world.  

To destroy the myths surrounding positivist orientations of science it is essential to place 

scientific perspectives, conceptions, theories and forms of application of scientific content 

in a historical, philosophical, social, ideological and even political context as the 

approaches of Science-Technology-Society (STS) (Aikenhead, 1994) and those of the 

Social Studies of Science (Latour & Woolgar, 1979) do.  

If we take cultures as creations in a state of flux, as networks of meanings in constant 

reconstruction (Geertz, 1973), then we can understand why every cosmovision and 

conceptualization of the world is changing all the time in base to its relation with other 

conceptions and its competence to solve problems. In addition to these ideas we assume 

that civilizations are not fortresses, but rather crossroads, as Octavio Paz writes, then the 

study of other cultural views of the natural world open the possibility of enriching mutual 

perspectives and conceptions. Even Western science is the product of a construction that 

incorporates knowledge from different cultures, such as the Chinese, the Arabian and the 

Mesoamerican.  

However we must avoid the risk of assuming an extreme relativistic position, akin to 

anarchism, that declares that any conception is equally valid. I conceive a conditional 

relativism where the relative validity of a position or an explanation depends on the 

problem situation for which it is construed, its purpose, use, and application in a defined 

cultural context.  

  

KNOWLEDGE IS SITUATED IN CONTEXT AND CULTURE 

On the second level, micro consideration in relation with the cultural context of interaction 

must be recognized. Sociocultural psychology, which originated in the work of Vygotsky 

(1987), poses that children construct their knowledge not only through individual 

interaction with the natural environment, as Piagetian perspective state, but also through 

social interaction and through internalized conceptualizations of their socio-cultural 

surroundings. It has been shown that people conceptions depend on the social and cultural 

context in which they manifest themselves (Mead, 1946; Cicourel, 1974; Bruner, 1984). 

Generalizing these ideas from an anthropological perspective, Lave (2011) states that 

knowledge is situated as a product of discourse, activity, context and culture.  

It is necessary to study the knowledge construction at school settings taking into account 

that schooling is a continual production and reformulation of cultural practices depending 

on the cultural endeavor of the institution as well as the cultural origin of teachers and 

students (Rockwell, 1992; Candela, Rockwell & Coll, 2004) 

In addition, science, as any description of the natural world, in order to be socially 

intelligible in a disciplinary community, needs to be constructed and communicated with 

specific language, practices, assumptions and ways of interpreting reality (as a cultural 

worldview) different from everyday and other ones (Gilbert & Mulkay, 1982; Latour & 

Woolgar, 1979; Nespor, 1994; Traweek, 1988) 
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This means that science is a culture and that learning science does not only means learning 

a new language (Lemke, 1982) but a new culture. Learning science must be understood a 

an intercultural task, since it involves bringing the students, who have developed different 

conceptions, closer to the scientific ones and to the scientific practice and ways of 

interpreting the world. We find that this task of cultural enculturation generates greater or 

lesser cross-cultural conflict depending on the students’ sociocultural origin, it being 

greater for those who come from ethnic groups that have languages and views of the world 

that are different from those of the Western (Colbern & Aikenhead, 2003). That is why a 

democratic science education must understand how the children from different cultures 

can construct scientific concepts taking into account their previous cultural ideas and ways 

of learning.  

We actually recognize that everyday or “common sense” conceptions or representations, 

and other cultural concepts that are alternatives to science explanations, continue to be 

used in everyday contexts where their use is pertinent or relevant in some sense, not only 

by children, but also by educated adults and scientists themselves. This is what happens 

with religious conceptions and even some more or less explicit magical representations 

that are held because they are useful on practical everyday psychological or emotional 

levels. What I mean by this is that the same person may display different conceptions 

depending on the contextual situation in which he finds him or herself. And these different 

conceptions even they are not necessarily coherent among each other can be held without 

necessarily generating personal conflicts (Hodson, 1999). 

 

INTERCULTURAL APPROACHES TO SCIENCE EDUCATION 

Democratic developments of science teaching do not try to impose only one 

conceptualization of the physical world as the unique and universal truth avoiding the 

previous ideas of the students. That is why I think it is time to challenge our intention of 

“conceptual changes” (Postner et al, 1982) as an approach that try that children must 

sustain only one and universal conceptualization of natural world with independence of 

the context. Hodson (1999) believes that an intercultural science curriculum should aim 

for the enculturation of students in science understood as a culture (Elkana, 1983), but 

with no attempt at assimilation, that is, without demanding that they eliminate their 

worldview beliefs of origin.  

 

Schools and classrooms are contexts with porous walls where cultural diversity coming 

from the interaction with distant spaces and times as the cultural diverse origin of children 

and teachers is display (Nespor, 1994). Science teaching at schools must be understood as 

an intercultural task, helping children to construct scientific knowledge and ways of doing 

(scientific culture), in addition to everyday, religious or any other cultural points of view 

they have (Colbern & Aikenhead, 2003). In order to accomplish this intercultural task, 

dialogue between worldviews (as Western and non-Western, everyday and scientific) can 

be organized in science teaching (Godenzzi, 1996). 

In order to study the cultural context of science education it is important to highlight the 

cultural features of discourse. For Edwards (1995:60) “people are likely to have, as part of 
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their cultural practices, ways of describing, explaining and accounting for their place in 

the universe, in social institutions, in patterns of social interactions, using distinctions such 

as natural and artificial, human and non-human, together with some kind of indigenous 

psychology (Helas & Lock, 1981). Discursive psychology investigates how these (or 

other) cultural categories are used in social practices to perform social actions.”      

However, the descriptive potential provided by conversation analysis, for checking details 

and placing the culture "in situ" (as Edward’s ones) is relativized in Moerman's book: 

"conversation analysis transcripts are tracings of social events, analogous to the cloud 

chamber photographs that record physical events. But our events are human events, events 

of meaning. Their descriptions, explication and analysis require a synthesis of 

ethnography, with concerns for cultural context, meaning, history and intentions. …Every 

moment of talk people are experiencing and producing their cultures, their roles, their 

personalities” (1988:xi). Ethnography has to deal with the study of the culturally 

configured notions from which people make sense of their lives, organize, in local 

contexts and conditions, their perspectives of their own, of others and of the world. 

 

I share science teaching research traditions that state the importance of understanding 

diverse cultural conceptions of the natural world (Jerede, 1999) as they enrich our own 

perspectives. Democratic non-racist approaches propose the need to develop in students 

the ability to analyze different conceptions of the world and to teach them to make 

decisions regarding the most adequate perspective and explanation to use in each concrete 

situation. 

 

 

INTERCULTURAL EDUCATION IN LATIN AMERICA 

 

The Intercultural Bilingual Education (IBE) has been a general demand of most of the 

movements of the 50 million indigenous of Latin America (López, 1996) as they want to 

preserve their languages, cultures and approaches to knowledge. However we most 

consider that most of indigenous groups are more intercultural than the rest of the 

population as they usually know their mother tongue and the official language of the 

country and can understand Western culture as well as their own. It is more important to 

provide an intercultural bilingual education for the rest of population in order to enrich 

their knowledge. We take IBE as an open and political task in order to develop human 

beings through the understanding of different cultural conceptions of the world that enrich 

our perspectives. 

 

The IBE is between a fundamentalist conception that limited all individual education to 

his own ethnic knowledge, and a neoliberal conception that tries to integrate every group 

to modernity through an ethnocentric education as the unique universal knowledge 

(Godenzzi, 1996). It can be understood all previous ideas as ethnic knowledge because 

even Western cultures have everyday conceptualizations different from scientific ones.  

 

At México, with more than 50 alive cultures of around 10% of the most marginalized 

population, in constant interaction with modernity and oppression, intercultural education 
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is only beginning since the impact of Zapatist movement in the 90s. However we still have 

the task of implementing intercultural science curriculums for all the students of the 

country. 

 

The first step in order to generalize intercultural education was to open it for the 

indigenous population because there are still big challenges in doing it. One of the more 

important problems is the complexity of linking in one curricula two different cultural 

logics with different levels of systematizing and formalization, without subordinating any 

of them. That is why we sustain the importance of an open curriculum that allows for a 

collective construction process in which the communities can introduce their needs and 

cultural conceptions 

 

An example of this kind of implementation in an indigenous community of México is 

shown with the analysis of an interview to Juan, an indigenous teacher of an intercultural 

physics proposal for high school level at Chiapas, México. He explains how is he able to 

incorporates traditional knowledge in physic classes and in doing so he questions the myth 

of universality of scientific knowledge, of its nature as general truth, by postulating that in 

his cultural context certain scientific claims are not fulfilled “I did it in relation to the 

seasons, regarding the position of the moon, the full moon, the young moon, as they say 

here, we observe that there are things to which science says no, that is not correct but here, 

from the point of view of our culture, there are true, such as, for example science says that 

you can sow at any time but our mother culture says that if you sow when the moon is 

young the tree may grow tall, but it will not give fruit,… or it will give very little, and if 

you sow when the moon is full even from a small tree you will obtain good fruit” 

(Candela, 2013). However, he does not posit the universality of indigenous knowledge or 

of local observation through impersonal claims. He contextualizes knowledge in terms of 

cultural and personal references, which is the starting point for its construction as a social 

practice.  
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Abstract: In the International PROFILES Curricular Delphi Study on Science 

Education, different stakeholders’ views on desirable aspects of science education 

with regard to scientific literacy are collected in three consecutive rounds by the 

PROFILES partners in 21 different countries. In the first round, the stakeholders’ 

views in each country were collected in individual statements and through qualitative 

analyses rendered into category systems. In the second round of this study, the 

stakeholders’ priority and reality assessments of these aspects (categories) were 

identified within each country. With respect to the international character of thus 

study, the second round results from Germany, Finland, Romania, Spain and Georgia 

are compared in a meta-analysis. The comparison of the country-specific second 

round results shows that despite cultural or national differences and different 

educational systems, similar tendencies can be found in the stakeholders’ assessments 

in the different countries. The results indicate that according to the views of the 

different stakeholder samples in all the countries included in our comparison, the 

realization in educational practice especially falls short of the priority assessments 

regarding aspects related to the connection between science and everyday life, the 

promotion of students’ interest in science, the realization of IBSE and other 

overarching educational goals. The results of our international investigation make 

clear that the stakeholders included in this analysis see much need for action in the 

field of science education in their respective countries. The findings also point out in 

which area of science education changes are most needed and how the international 

science education community could learn from each other to enhance students’ 

scientific literacy more. 

Keywords: international curricular Delphi study, European stakeholders’ views, 

science education, scientific literacy, PROFILES 

 

INTRODUCTION AND FRAMEWORK  

With regard to vast scientific developments and challenges characterizing the present 

age, the current situation of science education and the importance of a scientifically  
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literate society has become an important issue in European countries as well as in 

countries outside Europe  (OECD, 2007; Rocard et al., 2007).  

The look beyond national contexts with regard to science education is a fundamental 

aspect of the PROFILES project, which involves several European and Europe-

associated countries in making efforts to disseminate a modern understanding of 

scientific literacy, encourage new approaches into the practice of science teaching and 

facilitate an uptake of IBSE (Bolte et al., 2011; Bolte, Holbrook, & Rauch, 2012; 

PROFILES, 2010).  

The International PROFILES Curricular Delphi Study on Science Education is 

embedded in PROFILES and aims in a three-stage procedure at collecting and 

analyzing different stakeholders’ views on desirable aspects of science education with 

regard to scientific literacy (Bolte & Schulte, see contribution #1 in this book; Schulte 

& Bolte, 2012). The stakeholder samples in this study are composed of four sub-

sample groups considered relevant with regard to science education: Students, science 

teachers, science education researchers and scientists. The International PROFILES 

Curricular Delphi Study includes each of the participating institutions carrying out a 

Curricular Delphi Study on Science Education in their respective countries. In this 

context, the national outcomes can not only be analyzed individually, but allow also 

comparisons between the outcomes in different countries. In this way, the 

consideration of different stakeholders’ views on science education can be enhanced 

by an international perspective, recognizing the value of a looking beyond national 

contexts. 

The present study focuses on a comparison of the second round results of the 

International PROFILES Curricular Delphi Study (Keinonen et al., contribution #2 in 

this book). The second round is about a specification and further assessment of the 

results from the first round. In the second round, the stakeholders assessed aspects 

(categories) of desirable science education derived through quantitative analyses from 

the first rounds in the respective countries. Based on the question format of the first 

round, the categories are classified into to motives, situations and contexts as well as 

topics, fields and qualifications regarding desirable science education. On a six-tier 

scale, they prioritized the categories and assessed to what extent the aspects expressed 

by the categories are realized in practice (Schulte & Bolte, 2012). In this way, the 

stakeholders’ priorities regarding aspects of desirable science education were 

identified in every partner country. Also, it was possible to determine in every partner 

country the estimated realization of the respective aspects and in which areas the 

priority and practice assessments drift apart.  

In a first approach towards a meta-analysis of the result from the second round on an 

international basis, this comparison includes five countries involved in the PROFILES 

project. The associated institutions are Freie Universität Berlin (Germany), University 

of Eastern Finland (Finland), Valahia University of Targoviste (Romania), University 

of Valladolid (Spain) and Ilia State University (Georgia). Through the comparison of 

the outcomes of the results from the second round in Germany, Finland, Romania, 

Spain and Georgia, similarities and differences between the stakeholder samples’ 

assessments in the different countries can be identified. 

 

RESEARCH QUESTIONS  

The following research questions are addressed in this analysis: 
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1. What similarities/differences can be identified between the stakeholder samples’ 

assessments of the different countries regarding the aspects that should be 

prioritized in science education?  

2. What similarities/differences can be identified between the stakeholder samples’ 

assessments of the different countries regarding the extent in which these aspects 

are realized in science education practice?  

3. What similarities/differences can be identified between the stakeholder samples’ 

assessments of the different countries regarding the gaps between priority and 

practice?  

 

METHOD  

The countries included in this comparison of the second round results are Germany, 

Finland, Romania, Spain and Georgia. As the category systems in the different 

countries result from explorative analyses and thus differ from each other in scope and 

content  (Schulte & Bolte, 2012), a two-step approach has been chosen. First, in order 

to describe differences and similarities in the relative assessments and on a more 

general basis in the five different countries, the rank correlation coefficients according 

to Spearman for all intersection categories are determined (Coolican, 2009). Through 

the rank correlation coefficients, structural similarities in the relative assessments of 

the stakeholders between every possible pair combination among the five different 

countries can be determined. For a more detailed comparison of the assessments on a 

qualitative basis, identical and qualitatively similar categories are identified and 

contrasted within the ten highest and lowest rated categories in the priority and 

practice assessments in each country. As the methodical aspects feature only a low 

number of cases, they are not included in these considerations.  

 

RESULTS 

The samples in the second round of the PROFILES Curricular Delphi Study on 

Science Education include in Germany 154, in Finland 98, in Romania 131, in Spain 

84 and in Georgia 97 stakeholders (Table 1), yielding the data of more than 564 

stakeholders for this analysis. 

The rank correlation coefficients of the intersection categories regarding the 

stakeholders’ priority assessments in the five countries show several similarities 

(Table 2). The highest similarities are found between Germany / Finland (.69), 

Finland / Georgia (.67) and Germany / Georgia (.64). The lowest rank correlation 

coefficients appear between Romania / Spain (.31) and Georgia / Romania (.36). 
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Note. Data Status: January 2013, n = number of participants 

 

Table 2 

Rank Correlation Coefficients in the Priority Assessments (Germany, Finland, 

Romania, Georgia, Spain) 

 Germany Finland Georgia Romania Spain 

Germany 
rs  0,69 0,64 0,51 0,45 

n  88 42 67 32 80 

Finland 
rs 0,69  0,67 0,40 0,47 

n  42 42 36 19 42 

Georgia 
rs 0,64 0,67  0,36 0,55 

n 67 36 67 28 67 

Romania 
rs 0,51 0,40 0,36  0,31 

n 32 19 28 32 32 

Spain 
rs 0,45 0,47 0,55 0,31  

n 80 42 67 32 80 

Note. Data Status: January 2013, n = number of participants, rs = rank correlation 

after Spearman 

Regarding the stakeholders’ practice assessments in the five countries, the rank 

correlation coefficients indicate several similarities as well (Table 3). The highest 

correlations appear between Georgia / Finland (.78), Germany / Georgia (.68) and 

Germany / Spain (.64). The lowest similarities are found between Romania / Finland 

(.13) and Spain / Romania (.21). 

 

Table 1 

Samples of Germany, Cyprus, Finland, Romania, Spain, Georgia – Round 2 

  
Students 

n 

Sc. Teachers 

n 

Sc. Ed.  

Researchers 

n 

Scientists 

n 

Others 

n 

Total 

n 

Germany 34 50 29 41 0 154 

Finland 30 31 22 15 0 98 

Romania 21 43 22 20 25 131 

Spain 27 20 18 19 0 84 

Georgia 22 33 20 18 4 97 

Total 134 177 111 113 29 564 
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Table 3 

Rank Correlation Coefficients in the Practice Assessments (Germany, Finland, 

Romania, Georgia, Spain) 

 Germany Finland Georgia Romania Spain 

Germany 
rs  0,59 0,68 0,49 0,64 

N 88 42 67 32 78 

Finland 
rs 0,59  0,78 0,13 0,31 

N 42 42 36 19 40 

Georgia 
rs 0,68 0,78  0,36 0,47 

N 67 36 67 28 65 

Romania 
rs 0,49 0,13 0,36  0,21 

N 32 19 28 32 32 

Spain 
rs 0,64 0,31 0,47 0,21  

N 78 40 65 32 78 

Note. Data Status: January 2013, n = number of participants, rs = rank correlation 

after Spearman 

 

The comparison between the ten highest and lowest categories of the priority and 

practice assessments and priority-practice differences shows that besides some minor 

different accentuations, there are similar tendencies in all countries’ second round 

results. In the ten highest prioritized categories (Tables 4a+b), a common tendency 

towards aspects related to the connection between science and every-day life, the 

promotion of students’ interests in science, the realization of IBSE and other 

overarching educational goals can be detected. Low priorities are assigned to science 

education determined by traditional science disciplines and sub-disciplines such as 

microbiology, earth sciences and biophysics. 
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Table 4a 

Ten Highest Categories – Priority Assessments 

Germany Finland Romania Georgia Spain 

Comprehension / 

understanding 

Skills to 

act/take care 

of own life 

Intellectual 

development 

Acting reflectedly 

and responsibly 

Judgement/ 

reflection 

Analysing / 

drawing 

conclusions 

Critical 

thinking 

skills 

Comm.Skills 

Rational 

thinking/analyzing/ 

drowing 

conclusions 

Reading 

comprehension 

Applying 

knowledge / 

creative and 

abstract thinking 

Ability to 

make 

healthy 

choices 

Health care 

Applying 

knowledge 

/thinking abstractly 

Critical 

questioning 

Judgement / 

opinion-forming / 

reflection 

Knowledge 

to be able to 

act/make 

choices 

Interdiscipl.  

and Complex 

Thinking  

Critical 

questioning 

Acting reflectedly 

and responsibly 

Critical 

assessment 

Critical 

thinking 
Knowledge 

Motivation/ 

Interest/curiosity 
Interdisciplinarity 

Nature / natural 

phenomena 

Skills to 

search and 

read 

information 

Motivation 

interest 

Working 

selfdependently/ 

structuredly 

/precisely 

Applying 

Knowledge  

/thinking/ 

abstractly 

Acting reflectedly 

and responsibly 

Problem 

solving 

skills 

Health 
Reading 

comprehension 
Out of school 

working self-

dependently / 

structuredly / 

precisely 

Ability to 

act for sust. 
Profession 

students based 

learning 

Rational thinking 

/analysing/ 

concluding 

Motivation and 

interest 

Skills to 

exploit or 

apply 

Social 

competences / 

ability to work 

in a Team 

Inquiry based 

learning 

Researching 

/investigating 

Perception / 

awareness / 

observation 

Cause-effect 

relations 

Using New 

Media/ New 

didactic 

technologies 

Civic Mathematics 

Note. Data Status: January 2013 
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Table 4b  

Ten Lowest Categories – Priority Assessments 

Germany Finland Romania Georgia Spain 

Microbiol. Mechanics Genetics 
Astronomy 

/space system 

History of the 

sciencies 

Curriculum 

framework 
Societal issues 

Human 

Physiology 
Curriculum 

Occupations/ 

occupational 

fields 

Earth 

sciences 

A1 managing 

in nature 

(content) 

Organic 

Chemistry 

Atomic/nuclear 

physics 
Terminology 

Botany 

Managing in 

nature 

(approach) 

Inorganic 

Chemistry 
Zoology Botany 

Analytical 

Chemistry 

Chemical 

methods 
Radiation Physics Botanic Safety and risks 

Zoology Sound 
Unconventional 

Combustibles 
Biophysics Role Play 

Emotional 

personality 

development 

Space 

astronomy 

Relation between 

time and matter 

Relativistic 

theory 

Curriculum 

framework 

Industrial 

processes 

Entrepreneursh. 

approach 

Systems/Interacti

on 

History of 

science 
Models  

History of 

the sciences 

Nuclear 

physics 
Microbiology 

Quantum 

mechanics 

Analytical 

chemistry 

Astronomy / 

space system 
Accidents 

Home 

environment 
Pharmacology 

Emotional 

personality 

development 

Note. Data Status: January 2013 

 

Regarding the reality assessments (Tables 5a+b), it appears that the priorities are 

mainly not taken up in practice and that especially those aspects are perceived as 

highly present in science education that are assessed as less important. This is in 

particular the case for aspects related to the science disciplines and their traditional 

division. Low realization in practice is by the stakeholders in all the five countries 

generally perceived for categories that are rather assessed with high priority. 
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Table 5a 

Ten Highest Categories – Practice Assessments 

Germany Finland Romania Georgia Spain 

Curriculum 

framework 

Biology 

contents 
Knowledge Mathematics Chemical reactions 

Content 

knowledge 

Chemistry 

contents 

Scientific 

knowledge 

General 

Biology 
Medicine/health 

Chemical 

reactions 

Geography 

contents 

Intellectual 

development 

Human 

biology 
Learning stations 

General and 

inorganic 

chemistry 

Physics 

contents 

Physics as 

Science 
Life science Health /medicine 

Terminology 

Eligibility 

for further 

studies 

Contextual 

Understanding 

Genetics/mol. 

biology 
Mathematics 

Science - biology 
Human 

biology 
Work in group Cell Biology Energy 

Environment 
Carbon 

themes 

Communication 

Skills 

General 

Physic 

Curriculum 

framework 

Science - 

chemistry 
Calculating Science ‐ Physics 

inorganic 

chemistry 
Technology 

Structure / 

function / 

properties 

Nature 
Science ‐ 
Chemistry 

Organic 

chemistry 
Human Biology 

Matter / particle 

concept 
Geography 

Social 

competences / 

ability to work in 

a Team 

Structure/ 

function/ 

properties 

Education /general 

pers. Development 

Note. Data Status: January 2013 
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Table 5b 

Ten Lowest Categories – Practice Assessments 

Germany Finland Romania Georgia Spain 

Empathy / 

sensibility 

System 

thinking 

Matter in 

everyday life 
Ethics/values 

Motivation/interest/

curiosity 

Occupations / 

occupational 

fields 

First aid 
Scientific 

research 

Being able to 

experiment  

Emotional 

personality 

development 

Limits of 

scientific 

knowledge 

Working life 
Systems/ 

Interaction 

Out of school 

learning 
Students´interests 

Consequences of 

technol. 

developments 

Spatial 

information 
Everyday life 

Quantum 

physics 

Applying 

Knowledge  

/thinking/ abstractly 

Out-of-school 

learning 

Technical 

devices 
Food Chemistry  Agriculture 

Researching 

/investigating 

Ethics / values 
Skills to 

innovate 

Relation between 

time and matter 
Biophysics 

Interdisciplinary 

learning 

Knowledge about 

science-related 

occupations 

Societal 

participation 
Microbiology 

Occupation/occ

upational fields 

Learning in mixed-

aged classes 

Emotional 

personality 

development 

Societal 

issues 
Spare time Cosmetology 

History of the 

sciencies 

Current scientific 

research 

Managing in 

nature 

(starting 

point) 

Home 

environment 
Pharmacology Interdisciplinarity 

Astronomy / 

space system 

Managing in 

nature 

perspective 

(content) 

Unconventional 

Combustibles 
Occupation 

Current scientific 

research 

Note. Data Status: January 2013 

 

The priority-practice differences (Tables 6a+b) show the gap between the given 

importance and perceived presence of the different categories regarding science 

education. It can be seen that the largest discrepancies between the desired and actual 

state mainly take up those categories that are assessed as highly important in the 

priority assessments, such as connection between science and every-day life, the 

promotion of students’ interests in science, the realization of IBSE and other 

overarching educational goals. 
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Table 6a 

Ten Highest Priority-Practice Differences 

Germany Finland Romania Georgia Spain 

Critical  

asseessment 

Critical 

thinking skills  
Everyday life Occupation Interdiscipl. 

Judgement / 

opinion-forming / 

reflection 

Critical 

thinking 

approach 

Spare time 
Experiments, 

practical work 

Acting 

reflectedly and 

responsibly 

Acting reflectedly 

and responsibly 

Skills to act / 

take care of 

own life 

Health care 

Science 

development 

perspectives 

Applying 

Knowledge  

/thinking/ 

abstractly 

Current scientific 

research 

Skills to 

innovate 

Motivation 

interest 

Occupations / 

occupational 

fields 

Current 

scientific 

research 

Motivation and 

interest 

Skills to value 

things 

Communic. 

Skills 

Student’s 

interests 

Researching 

/investigating 

Students' interests 

Skills to enter 

into 

discussions 

Profession 

Acting 

reflectedly and 

responsibly 

Students´ 

interests 

Ethics / values 

Skills to 

exploit or 

apply 

Intellectual 

development 

New technology 

and its 

Application 

/Industrial 

processes 

Judgement/ 

opinion-

forming/ 

reflection 

Consequences of 

technol. 

developments 

Understanding 

relationships 

between 

nature, 

technology, 

society 

Health Agriculture 

Social 

skills/team 

works 

Applying 

knowledge / 

creative and  

abstract thinking 

Problem 

solving skills 

Emotional 

development 

out-of-school 

learning 

Critical 

questioning 

Interdisciplinarity 
Societal 

participation 

Interdiscipl. 

and Complex 

Thinking 

Being able to 

experiment 

Motivation/inter

est/curiosity 

Note. Data Status: January 2013 
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Table 6b 

Ten Lowest Priority-Practice Differences 

Germany Finland Romania Georgia Spain 

Content 

knowledge 
Geography 

Physics as  

Science 

Structure / 

function/properties 

Chemical 

reactions 

Science - 

chemistry 
Sound 

Radiation   

Physics 
Earth science Everyday life 

Matter/particle 

concept 
Optics 

Science ‐ 
Chemistry 

General physics 
(Content) 

knowledge 

Science – 

biology 

Chemistry 

contents 

Systems/ 

Interaction 

Curriculum  

framework 
Cycle of matter 

Evolutionary 

biology 

Chemical 

methods 

Scientific 

knowledge 
chemical reactions Mechanics 

Terminology Chemistry Electricity Organic chemistry Models  

Botany 
Carbon 

themes 

Human 

Physiology 
General biology 

Using new 

media 

General and 

inorganic 

chemistry 

Biology Phenomenology Mathematics Technology 

Chemical 

reactions 
Mechanics 

Organic  

Chemistry 

Inorganic  

chemistry 

Science-

biology 

Zoology Physics 
Inorganic 

Chemistry 
General chemistry 

Curriculum 

framework 

Note. Data Status: January 2013 

 

DISCUSSION 

The results of this first approach towards an international and comparative perspective 

on the results of the second round of the International PROFILES Curricular Delphi 

Study on Science Education were able to reveal different accentuations as well as 

common tendencies of the stakeholder samples’ assessments in the five different 

countries. The rank correlation coefficients of all pair comparisons point out that 

besides minor different accentuations, the stakeholders’ assessments in the five 

countries regarding aspects of desirable science education are all in all rather similar. 

In the basis of the qualitative comparison, there also seem to be consensus tendencies 

both regarding central aspects of desirable aspects of science education and the 

estimation of current science educational practice. Based on the priority-practice 

differences indicating those areas that feature the largest gaps between priority and 

practice, it can be seen that the stakeholders in all the five countries see a need for 

action in the field of science education. This concerns especially aspects related to 

enhancing students’ interest in science, the relation between science and everyday life, 

the implementation of IBSE and other overarching educational goals such as 

reflection, judgment, critical assessment and acting responsibly.  

Strand 8 Scientific literacy and socio scientific issues

1464



 
 

All in all, it can thus be said that there seems to be a solid consensus about central 

aspects of desirable science education among the compared countries. Also, the 

results of the comparison suggest that there are in all of the compared countries 

difficulties in putting desirable science education into practice. Areas and aspects that 

feature a need for change most obviously are indicated by the highest priority-practice 

differences. As the identified shortcomings are in all the five countries very similar, it 

can be said that the improvement of science educational practice is a common 

European challenge. 
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STAKEHOLDERS’ VIEWS ON EMPIRICALLY BASED 
CONCEPTS FOR SCIENCE EDUCATION TO ENHANCE 

SCIENTIFIC LITERACY – RESULTS FROM THE 
THIRD ROUND OF THE INTERNATIONAL PROFILES 

CURRICULAR DELPHI STUDY ON SCIENCE 
EDUCATION 

 
Theresa Schulte and Claus Bolte  
Freie Universität Berlin, Germany 

 

Abstract: As mentioned in the preceding articles, the International PROFILES 
Curricular Delphi Study on Science Education addresses stakeholders’ views on 
desirable aspects of scientific literacy. In three consecutive rounds, different 
stakeholders’ views are collected by the PROFILES partners in the different countries 
involved in PROFILES. In the first round, the stakeholder’s views in each country 
were collected in individual statements and through qualitative analyses classified into 
category systems. In order to process the complexity and diversity of these category 
systems and to reach a condensation of the results, the aspects reflected by the 
categories were aimed to be embedded into meaningful contexts. This was 
accomplished in the second round by the empirically based development of concepts 
regarding desirable science education. The analyses lead to different concepts of 
desirable science education. In the third round, these concepts are assessed by the 
stakeholders with regard to their priority and to the extent they are realized in current 
science educational practice. As the data in most countries are currently still being 
analyzed, this contribution focuses on the results obtained by the FUB team. The 
results from the third round of the FUB Curricular Delphi Study on Science Education 
show that especially the concept related to awareness of the sciences in current, social, 
globally relevant and occupational contexts and the concept of general science-related 
education and facilitation of interest in contexts of nature, everyday life and living 
environment, are perceived as less present in science education than they should be 
according to the stakeholders’ priority assessments. Soon we expect to receive the 
analyses of the other PROFILES partners, adding insightful contributions to the view 
on science education in Europe.  

Keywords: curricular Delphi study, concepts of science education, stakeholders’ 
views, PROFILES, hierarchical cluster analyses 

 
RESEARCH FRAMEWORK  
As part of the PROFILES project (Bolte, Holbrook, & Rauch, 2012; PROFILES, 
2010), the International PROFILES Curricular Delphi Study on Science Education 
addresses in a three-stage procedure different stakeholders’ views on desirable aspects 
of scientific literacy (Bolte & Schulte, see contribution #1 in this book; Schulte & 
Bolte, 2012). The International PROFILES Curricular Delphi Study on Science 
Education consists of each of the different PROFILES partners implementing a 
Curricular Delphi Study on Science Education in their respective countries. As 
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scientific literacy is a complex construct  (Bybee, 1997; DeBoer, 2000; Gräber & 
Bolte, 1997), its enhancement is not possible by referring to the different aspects only 
individually. Following Gräber & Bolte (1997), promoting scientific literacy is only 
possible if the complexity of the scientific literacy construct is taken account of in 
content, method and conception. Therefore, the empirically identified single aspects 
of desirable science education from round 1 are in the second part of round 2 grouped 
by the stakeholders into especially relevant combinations. These combinations are 
processed through hierarchical cluster analyses (Hastie, Tibshirani, & Friedman, 
2009). The FUB hierarchical cluster analyses yield three concepts of desirable science 
education (Bolte & Schulte, 2012; Keinonen et al., see contribution #2 in this book). 
The clusters are labeled as follows (Table1): 

 

Table 1 

Concepts of Desirable Science Education – FUB 

Concept A 

 

Concept B 

 

Concept C 

Awareness  of the sciences in 
current, social, globally relevant 
and occupational contexts 
relevant in both educational and 
out-of-school settings 

Intellectual 
education in 
interdisciplinary 
scientific contexts 

General science-related 
education and facilitation 
of interest in contexts of 
nature, everyday life and 
living environment 

Note. Concepts determined through hierarchical cluster analyses 

 

Subject of the third and final round of the International PROFILES Curricular Delphi 
Study on Science Education is to identify which priority and reality assessments the 
participants assign to the three concepts of desirable science education, both in 
general and differentiated according do different educational levels. By means of this 
approach we aim to find out how far priority and realization in science educational of 
these concepts practice drift apart in the opinions of the stakeholders. In this 
contribution, the results and analyses of the third round of the FUB PROFILES 
Curricular Delphi Study on Science Education are presented. 

 
RESEARCH QUESTIONS  

The following research questions are addressed in the third round of the FUB 
PROFILES Curricular Delphi Study on Science Education:  

1. Which priorities regarding concepts of desirable science education can be 
identified in the participants’ assessments?  

2.  To what extent are the respective concepts of desirable science education 
according to the participants’ assessments realized in current science 
educational practice?  

3.  What priority-practice differences can be identified in the participants’ 
assessments? 
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METHOD  
In the third and final round of the International PROFILES Curricular Delphi Study 
on Science Education, the stakeholders (students, science teachers, science education 
researchers and scientists) prioritize the given concepts and assess to what extent the 
concepts are realized in practice. In a second step, they differentiate their assessments 
according to different educational levels such as pre-school, elementary level, lower 
secondary education and higher secondary education. All assessments are made on a 
six-tier scale (Figure 1).  

 
Figure 1. Extract from the FUB Questionnaire of the Third Round – Part 1 

 

The data is analyzed through descriptive and variance analytical methods. The 
analyses take into account the priority and practice assessments and determine the 
priority-practice differences by subtracting the practice values from the priority 
values. Within the analyses, both the total sample and the different sample sub-sample 
groups are considered. 

 
RESULTS OF THE THIRD ROUND (GERMAN PERSPECTIVE) 
In the third round of the FUB PROFILES Curricular Delphi Study on Science 
Education, 109 out of the 193 stakeholders of the first round took part. These 109 
stakeholders from the FUB third round sample have in this way participated in all 
three rounds. This equals a participation rate of 71% between round two and three and 
56% over all three rounds (Table 2). 
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Table 2 

Sample structure of the FUB PROFILES Curricular Delphi Study on Science 
Education 

Sub-Sample Group 

Number of Participants Participation 
Rate between 

rounds           
2 and 3 

Participation 
Rate between 

rounds          
1 and 3 

Round 1 Round 2 Round 3 

Students 39 34 26 76% 67% 

Teachers 

Education 
Students 32 

63 

29 

50 

10 

30 60% 48% 
Trainee 
Teachers 5 4 4 

Teachers 18 16 16 

Teacher 
Educators 8 1 0 

Education Researchers 30 29 24 83% 80% 

Scientists 61 41 29 71% 48% 

Total 193 154 109 71% 56% 

Note. Data Status: January 2013 

 

The analyses of the general priority assessments of the total sample (Table 3) show 
that the general education and everyday life related concept of science education 
(Concept C) is the highest prioritized concept (mean=5,0), followed by the concept 
related to awareness of the sciences in different contexts (Concept A, mean=4,7) and 
the concept related to intellectual education (Concept B, mean=4,3). This order is also 
reflected in the sub-sample groups’ assessments. Regarding the differentiation among 
different educational levels (Table 4), Concept C remains featuring the highest 
priority for pre-school and elementary level, the priorities for lower secondary 
education Concept A and C are equally high and for higher secondary there is a shift 
of the highest priority towards Concept A. On the whole, all three concepts are with 
higher educational levels assessed as more important.  
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Table 3 

Mean Values of the Total Sample of  Priority, Practice and  Priority-Practice 
Differences – General Assessment FUB 

Concepts 
M Priority 

assessments 
M Practice 

assessments 
M Priority-practice 

differences 

S T E Sc Total S T E Sc Total S T E Sc Total 

Concept A:   

Awareness of the 
sciences in 
current, social, 
globally relevant 
and occupational 
contexts relevant 
in both educational 
and out-of-school 
settings 

3,8 5,0 5,4 4,7 4,7 2,8 3,1 2,9 2,7 2,9 1,0 1,9 2,5 2,0 1,9 

Concept B:  

Intellectual 
education in 
interdisciplinary 
scientific contexts 

4,0 4,6 4,3 4,4 4,3 3,1 3,3 3,3 2,6 3,1 0,8 1,3 1,1 1,8 1,3 

Concept C:  

General science-
related education 
and facilitation of 
interest in contexts 
of nature, 
everyday life and 
living environment 

4,8 5,0 5,6 4,7 5,0 3,3 3,5 3,4 2,9 3,3 1,5 1,5 2,1 1,8 1,7 

Note. M = Mean Value 

 
The analyses of the general practice assessments (Table 3) show that according to the 
total sample, all concepts are realized to a rather low extent in educational practice, 
with Concept C being most (mean=3,3) and Concept A being least (mean=2,9) 
present. This is also reflected in the assessments of the different sub-sample groups. 
For the different educational levels (Table 4), Concept C remains to be assessed as 
most realized, with Concept A being assessed as equally present in higher secondary 
education. In contrast to the priority assessments, which are located above the 
theoretical mean value of 3,5, all practice assessments range below the theoretical 
mean value. 

The priority-practice differences of the general assessments (Table 3) show that for all 
educational levels the concepts are perceived as less present in educational practice 
than they should be according to the total sample. The biggest gap is seen between 
priority and realization of Concept A (mean=1,9).  In the assessments regarding the 
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different educational levels (Table 4), Concept A remains featuring the highest 
priority-practice difference for pre- and elementary school, while for secondary 
education, Concept C features the highest difference between priority and practice 
assessment. It can also be noted that the gap between priority and practice regarding 
Concepts A and B becomes higher with a rising educational level. 

 

Table 4 

Mean Values of the Total Sample Regarding Priority, Practice and Priority-Practice 
Differences – FUB Assessments According to Different Educational Levels 

Concepts 

M Priority 
assessments 

M Practice 
Assessments 

M Priority-Practice 
Differences 

Pre El Low 
sec. 

Higher 
sec. Pre El Low 

sec. 
Higher 

sec. Pre El Low 
sec. 

Higher 
sec. 

Concept A  

Awareness of 
the sciences in 
current, social, 
globally 
relevant and 
occupational 
contexts 
relevant in both 
educational and 
out-of-school 
settings 

3,3 3,9 4,8 5,1 2,0 2,6 3,2 3,5 1,2 1,3 1,6 1,6 

Concept B:  

Intellectual 
education in 
interdisciplinary 
scientific 
contexts 

2,7 3,3 4,2 4,7 1,9 2,4 3,1 3,4 0,7 0,8 1,0 1,3 

Concept C:  

General 
science-related 
education and 
facilitation of 
interest in 
contexts of 
nature, 
everyday life 
and living 
environment 

4,1 4,6 4,8 4,9 2,6 3,1 3,5 3,5 1,5 1,4 1,4 1,4 

Note: M = Mean Value 
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DISCUSSION  
As the procedure and development over the three round shows, essential aspects of 
desirable science education cannot be identified by open questions only (as done in 
the first round). In order to gain a clearer picture, it is necessary to have the categories 
that were systematically identified in the first round assessed by the stakeholders more 
precisely (as done in the second round). By presenting results from the second round 
to the stakeholders in a third round, a concretion and condensation of the 
stakeholders’ views was possible.  

With regard to the priorities of the three concepts of desirable science education by 
the stakeholders, all three concepts are given rather high or high priority. With respect 
to the initial and overarching question of the International PROFILES Curricular 
Delphi Study on Science Education addressing desirable aspects of scientific literacy, 
it can thus be said that all three concepts are considered as relevant and meaningful 
concepts to promote scientific literacy.  

The distribution of the highest priorities shows that for pre-school and elementary 
education, the general education and everyday life related concept of science 
education (Concept C) is seen as most important, whereas the concept related to 
awareness of the sciences in different contexts (Concept A) is seen especially 
important for secondary higher education. All three concepts are assessed as more 
important with higher educational levels, being especially important for science 
education in secondary education.  

The priority-practice differences show that none of the concepts is present in science 
education as much as they should be according to the stakeholders. The highest gaps 
occur for lower and higher secondary education. This shows that the most severe 
discrepancies between desired and actual science education are seen in the area of 
secondary education.  

In contrast to the results from the second round, it seems that the assessments by the 
different sub-sample groups in the third round assessments have converged. 
Apparently, there is greater consensus for the given concepts than when offering 
several aspects. How these findings relate to the outcomes of the other PROFILES 
partners will be examined in further investigations. 
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Abstract: The presentation aims at in one hand reviewing different models of “Context” 

used in context-based science curricula and teaching, in the other hand identifying different 

views of the concept “Learning environments” as used within science education literature 

as well as education more generally, and finally establishing relationships between the 

views of Context and Learning Environments to show their complementarities as the basis 

for a unified view. Four models of context are reviewed: (a) Context as direct applications 

of concepts; (b) Context as reciprocity between concepts and applications; (c) Context as 

provided by personal mental activity; and (d) Context as social circumstances. In addition 

three views on learning environments are also reviewed: (a) Learning environment as a 

psychosocial entity; (b) Learning environment as a system; and (c) Learning environment 

as a community. The comparative analysis appears to indicate that both Context and 

Learning Environments experience a sociocultural turn which embraces complexity and 

diversity. A cartography of contexts for science education is presented based on a set of 

attributes taking into account the four worlds that are interconnected such as school science, 

everyday science, professional science and citizens’ science. At the end a model of context 

as Complex Learning Environment is set so that it can be a tool to account for the 

increasing complexities that science education needs to face today such as 

interdisciplinariety, students and teachers’ diversity, and diversity of settings. The 

characteristics of such model will be presented, examples from school agroecology 

provided, and research questions identified during the presentation.  

Key words: Context-based science education, learning environments, environmental 

education, science education, out-of-school learning 

 

INTRODUCTION  

Science education has adopted a context-based approach to curriculum and teaching to 

address the challenges faced by the science education community worldwide.  Despite the 

interest towards context-based approaches very little programs and curriculum 

developments have been explicit in relation to the framework adopted (Gilbert 2006; King 

and Richtie 2012). There is an urgent need to clarify the meanings of context used in many 

influential context-based science education experiences, so that theoretical as well as 

practical advances can be made.  

In addition influential global organizations from economical and political strands like the 

OECD-CERI (Center for Educational Research and Innovation) are at present undertaking 
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worldwide studies on Innovative Learning Environments (ILE). Although we might not 

share their ideological background the social and political impacts of this institution’s 

studies and programs are important and need to be taken seriously. The results of the ILE 

case studies (Dumont, Istance & Benavides, 2010) point at interesting issues which 

although they are not framed within science education explicitly they might be relevant to 

initiate a reflection on science education learning environments. The ILE case studies state 

that there is a need to reconsider learning and learning environments within innovative 

education reforms since the educational school experiences selected are:   (a) Not 

sufficiently learning focused since they are described in terms of institutions and very little 

in terms of learning, (b) not sufficiently innovative focused since the experiences assume 

existing institutions and discourage innovations, hybrid and non-formal or informal 

learning, and (c) not sufficiently holistic or environmental focused since the experiences 

encourage fragmented learning based on single schools, single classes, and single teachers.  

Finally, our recent work on promoting school agroecology through community networking 

(Espinet and Llerena, 2011; Espinet 2012) has triggered the need to re-conceptualize both 

context and learning environment at the interface between science education and education 

for sustainability. The learning environments and contexts designed in school agroecology 

are more complex than those usually chosen in science education. How can we develop a 

model that takes into account the complexities of both contexts and learning environments 

designed to promote better science education towards sustainability?. How can this model 

be useful for science education research and practice so that the diversity of educational 

levels, situations, content, students and teachers are taken into account?  

 

AIMS 

The presentation aims at in one hand reviewing different models, attributes and activities 

associated to “Context” used in context-based science curricula and teaching. On the other 

hand the presentation introduces the idea of context cartographies in science education as a 

way to map the diversity of contexts at hand in science education based on the authors work 

on school agroecology. Finally a model on how to think about the characteristics of science 

learning environments is presented. The ultimate goal of this discussion is to resituate the 

concept of learning environment for context-based science education and to set the key 

characteristics of a Complex Science Learning Environment model with examples taken 

from school agroecology.   

 

CONTEXTS AND LEARNING ENVIRONMENTS HEADING 

TOWARDS A SOCIOCULTURAL TURN  

The concepts of Contexts and Learning environments are often used interchangeably within 

the science education literature.  Several questions could be asked to identify the place of 

both concepts in science education research and practice: In what ways are these concepts 

understood within the science education literature? Is there a progression on their 

conceptualization so that the situation, the content, the learner, and the teacher are taken 

into account interdependently? And finally, how is the diversity of content, learners and 

teachers being considered? 
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Models of Context 

Although very few context-based courses have historically been based on an explicit model 

of context, Gilbert (2006) identifies four models.  Taking into consideration the attributes 

for defining a context, the author identifies four models which represent four inductive 

ways of understanding context in chemistry context-based curricula and teaching: (a) 

Context as direct applications of concepts; (b) Context as reciprocity between concepts and 

applications; (c) Context as provided by personal mental activity; and (d) Context as social 

circumstances. These four models are organized in a progressive manner on the line of a 

continuum from less to more complex. Whereas the first model focuses only on the 

conceptual aspects of context being the learner and the social totally absent, the fourth 

model takes into consideration the concepts, learners’ engagement and the social in its 

framing through the concept of community of practice (Greeno 1998). In this latter model I 

would include the unified view of context developed by King and Richtie (2012) using the 

sociocultural concept of field and I would stress the important notion the authors develop 

on fluid transactions among fields as a way to understand context-based learning and 

transfer in science education.  

Views on Learning Environments 

In a recent study undertaken by OCDE-CERI on Innovative Learning Environments (ILE) 

(Dumont, Istance & Benavides, 2010), the authors indicate that innovative schools 

worldwide offer poor learning environments being them too institutionally centered on one 

teacher, one group of homogeneous students, and only one subject. Espinet (2012) has set 

an interpretation of views on learning environments used in the science education research 

literature from different perspectives: (a) Learning environment as a  psychosocial 

construct resulting from the interaction between the environment and the learner personal 

characteristics exemplified by the work of Fraser (2012) ; (b) Learning environment as a 

system exemplified by the French work on “didactical situations” and “didactical systems” 

(Otero 2010); and (c) Learning environment as a community exemplified by the work on 

science teacher preparation inspired by Wenger (1998). These views are also organized in a 

progressive manner from less to more complex. In the first view only the nature of social 

climate for learning is taken into consideration, whereas in the second view the focus is on 

building systemic learning interactions in didactical situations. Finally the third view 

acknowledges the social nature of learning environments which is situated and activated 

through the use of resources. 

The comparative analysis appears to indicate that both Context and Learning Environments 

experience a sociocultural turn which embraces complexity and diversity.  

 

EXPLORATION OF CONTEXT CARTOGRAHIES IN SCIENCE 

EDUCATION  

The identification of context complexity and diversity in science education involves the 

agreement of a set of attributes which help the characterization of such contexts.  In doing 

so we are better equipped to map the important context types which can be used in science 
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education. I use the concept of cartography as a metaphor to start thinking about context 

complexity and diversity.  Gilbert (2006) and Gilbert et al. (2011) had already identified 

four context attributes: (a) a setting as the result of social, spatial, and temporal 

frameworks; (b) a behavioral environment of encounters related to the task; (c) the use of 

specific language; and (d) a relationship to extra-situational background knowledge. This 

formulation has one important problem which is to find the place of the subject in this 

context. From a sociocultural perspective these attributes could be reformulated: (a) a 

community of practice with a diversity of spatial and temporal arrangements; (b) 

participating in an activity; (c) using specific language within multilingual environments; 

and (d) crossing boundaries among different communities of practice.  

The context cartography of science education is organized around four intersecting worlds: 

school, everyday, professional and social worlds. These four context types sustain four 

different communities of practice which hold different science education aims: school 

science, everyday science, experts’ science, and citizens’ science. Science education 

experiences an important tension related to the way students and teachers interact with 

these four contexts which I would call “in-out tension”: should we take students and 

teachers out of school to be part of the professional, everyday, or citizens’ authentic science 

contexts leaving school context with no relevance? Or else should we bring to school these 

different contexts and thus engaging students in a not so authentic activity of learning about 

these out of school contexts? The central challenge could be formulated as how can school 

science relate to the other science contexts so that it develops authentic practices for 

students, teachers and community members?  

The cartography of agroecology as a STEM discipline could be mapped using the four 

intersecting fields just stated: (a) school world as school agroecology; (b) everyday world 

as community agroecology; (c) professional world as agronomy and ecology; and (d) social 

world as agroecological activism. The challenge for school agroecology would be how to 

create authentic contexts in school for students and teachers to develop authentic 

agroecological practices in relation to the school food system. This would imply to 

introduce the four components of the food system in the school open to students and 

teachers’ participation: (a) food production by developing the food garden through 

gardening; (b) food transformation by participating in the school kitchen through cooking; 

(c) food consumption by participating in the dining hall through the menus; and (d) food 

distribution by participating in the exchange of food within and outside the school. These 

four school agroecological practices would act as authentic contexts for science learning 

and would also facilitate the connection with the out of school agroecological practices as 

well. 

 

A MODEL OF CONTEXT AS A COMPLEX SCIENCE LEARNING 

ENVIRONMENT  

The comparative analysis appears to indicate that both Context and Learning Environments 

experience a sociocultural turn which embraces complexity and diversity. A model of 

context as Complex Learning Environment that takes into consideration the increasing 

complexities and diversity in science education will be proposed. The characteristics are the 

following: (a) Systemic Level: The model could be general enough to include the systemic 
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level where it is applied in science education: at the level of a specific activity, at the level 

of a teaching unit, at the level of an inquiry process, or at the level of a whole school.; (b) 

Lifelong Learning: The model could be applicable to all educational levels from infant to 

secondary science education so that a progressive view on lifelong science learning 

environments is reflected; (c) Context: The model understands context as a focal event 

embedded in its cultural setting; (d) Time and space: The model considers new spatial and 

temporal arrangements which depart from traditional classroom organizations; (d) Learners 

and teachers’ communities: The model acknowledges  larger and more diverse 

communities where to establish learning relationships between diverse learners and 

teachers; (e) Learning as boundary crossing: The model understands learning as a process 

of boundary crossing among a diversity of learners, teachers and content (Akkerman and 

Bakker 2011). The characteristics of such model will be presented, examples from school 

agroecology provided, and research questions identified during the presentation.   

 

IMPLICATIONS  

Recent reflections on the nature of learning point at the need to reconsider the traditional 

learning environments through which we develop science education in schools. The first 

implication deals with the idea that there are at present many different ways to participate 

in science depending on the worlds we take as referents. Better ways to connect in and out 

the different worlds of science should be taken into consideration when implementing 

school science curriculum. The second implication is related to the fact that school is one 

but not the only place where to learn science. The systematical planning and designing of 

learning paths melting formal, informal and non-formal science education learning 

environments appear as an urgent endeavor to avoid losing learning opportunities through 

the lifespan of our students. Finally it appears also imperative to rethink schooling so that 

science learning environments become more authentic, action oriented, equitable, and put at 

the service of a wider and more transformative general education. 

This work has been partially supported by Spanish MCYT grant EDU-2009-13890-C02-02, 

Spanish MCYT grant EDU-2012-38022-C02-02 and Catalan PRI 2009SGR1543. 
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Abstract: In 1935, Ludwik Fleck wrote his book “The generation and development of a 
scientific fact.” Flecks’ theory outlined in this book provides explanations how science and 
scientists interact with society. Based on Fleck's ideas, an educational model is discussed how 
information from science is transferred into society for societal discourse, and how it is 
filtered and altered along this way. The model aims for a better understanding of the bi-
directional science-to-society relationship. It suggests that reflective learning about the 
science-to-society link should become an essential component of science education to 
promote vital skills for societal participation. The current paper also discusses the use of the 
model for inspiring the development of innovative pedagogies for socio-scientific issues 
based science education as it was operated in different projects of curriculum innovation by 
Participatory Action Research. Examples and reflections from the development will be 
presented.  
 

Keywords: Science-Technology-Society, Socio-Scientific Issues, Curriculum Development, 
Participatory Action Research 

 

INTRODUCTION 
Learning about the role of science in society and the use of science-related information in 
societal discourse should enable learners to become future responsible citizens, e.g. by 
achieving the necessary skills for societal participation (Elmose & Roth, 2005; Holbrook & 
Rannikmae, 2007). The students need to learn how to cope with their life individually within 
the society in which they live and also to participate actively in societal discourse concerning 
socio-scientific issues (SSI) in the society at large (Roth & Lee, 2004). However, learning 
about the interrelationship between science and society still seems to be not sufficiently 
implemented in many countries (Hofstein, Eilks & Bybee, 2011; Ware, 2001). The SSI 
movement in science education suggests that students should learn more intensively about 
how science is interacting with society (Sadler, 2011), e.g. by mimicking or simulating 
authentic practices how information is used in societal discourse and decision making (Marks 
& Eilks, 2009).  

This paper describes a socio-philosophical framework about how science is embedded in and 
how it interacts with society (Eilks, Nielsen & Hofstein, 2014). The framework is derived 
from the philosophical ideas of Ludwik Fleck (1935). In the case of this paper, essential ideas 
of Fleck’s work were introduced to and reflected by teachers in a curriculum development 
project based on Participatory Action Research (PAR) in science education (Eilks & Ralle, 
2002). Based on Fleck, an educational model was adopted and further interpreted how 
information from the core of real science is transferred into society to be used for societal 
discourse and individual decision making. The model explains why and how scientific 
information is filtered and altered along its way towards societal domains outside the world of 
science.  
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Fleck’s theory allows for an understanding of the bi-directional science-to-society 
relationship. The discussion in this paper will suggests that explicit learning about the 
science-to-society link needs to become an essential component of relevant science education 
if science education aims at promoting essential skills for societal participation (Stuckey, 
Hofstein, Mamlok-Naaman & Eilks, 2013). Explicit reflection and suitable pedagogies are 
needed. Within the PAR project, a group of teachers started developing changed pedagogies 
and educational tools, e.g. to ask the students working like a journalist reporting about a 
question of science and technology to understand that scientific information in the public in 
many cases is not prepared by scientists themself. This paper discusses how the works of 
Fleck inspired curriculum development in the field of socio-scientific issues-based science 
education. It reviews selected examples and experiences with the application of the changed 
pedagogies in the science classroom. 

 

BACKGROUND 
This study is embedded into a long-term project of PAR in science education (Mamlok-
Naaman & Eilks, 2012). PAR is a collaborative process, which combines curriculum change 
with classroom-based research (Eilks & Ralle, 2002). External researchers and in-service 
teachers cooperate to merge evidence-based knowledge stemming from educational research 
with practical experience taken from classroom settings. Both sources constitute a knowledge 
spectrum, which is important for innovation in teaching and learning. Each area has its own 
strengths and weaknesses (McIntyre, 2005). The development and classroom-based research 
phases during PAR are part of a cyclical process. Lesson plans are collaboratively drafted, 
tested, evaluated, and then revised. Main focal points of the entire process include the 
improvement of authentic teaching practices and the continuous professional development of 
the practitioners. The process also aims at collecting empirical evidence which shows the 
effects of changed practices in the classroom and aids in the dissemination of innovative 
classroom practices (Eilks & Ralle, 2002). 

For almost a period of 15 years, a group of ten teachers is collaborating in one of these 
settings of PAR in Germany. The group worked on different issues of secondary science 
curriculum development. One of the issues among the group’s work is developing SSI-based 
lesson plans for science education (Marks & Eilks, 2009). Over the years, many different 
lesson plans were developed e.g. on the use of Biofuels (Eilks, 2002; Feierabend & Eilks, 
2010; fragrances in cosmetic products (Marks & Eilks, 2010), diets (Marks, Bertram & Eilks, 
2008), and doping in the context of formal science teaching (Stolz, Witteck, Marks & Eilks, 
2013).  

Within this framework, the idea of mimicking authentic societal practices was developed to 
learn about science-related information handling in non-scientific societal practices (Eilks et 
al., 2014). This idea was inspired by the idea of filtered information (Hofstein et al., 2011) as 
an expression for learning about how information in societal uses is filtered and altered. As a 
theoretical framework for the idea of learning about information handling and filtering in 
society a socio-philosophical framework was needed. Thus, during the process of curriculum 
development essential ideas form the philosophical works of Ludwik Fleck were introduced 
and jointly reflected. The ideas of Fleck were then operated in the structuring of different 
lesson plans and developing various innovative pedagogies (e.g. Marks, Otten & Eilks, 2009). 
The application of the idea of filtered information and the Fleck model was reflected within 
different cases evaluated by teachers’ and students' oral and written feedback (e.g. Marks & 
Eilks, 2010; Burmeister & Eilks, 2012). Data and findings from these different cases are 
jointly reflected in this review. 
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THE PHILOSOPHY OF LUDWIK FLECK AND ITS POTENTIAL 
IMPLICATIONS FOR TEACHING SCIENCE  
The socio-philosophical work of Ludwik Fleck (1935, English version 1979) offers a valuable 
framework, which helps understanding of how information from science effects society. In 
the center of Fleck’s idea is the understanding the group of scientists in a certain domain as a 
thought collective. Characterization of the thought collective is conducted by the concept of 
the thought style in order to understand that scientists in that domain operate using a unique 
language, set of concepts, and register of methods. This idea helps understanding why 
scientists from a certain domain form a self-standing community of action that is detached 
from other thought collectives and the society at large (although being part of it itself).  

Based on Fleck one can understand how science and scientists interact with society. In the 
context of socio-scientific debates there are rarely provisions of authentic science. Based on 
Fleck (1935), as discussed by Bauer (2009), pure scientific information is present only in the 
core of a thought collective – the esoteric circle which includes experts and specialists. This 
scientific thought collective is surrounded by an exoteric circle – non-experts – and domains 
starting with handbooks and academic textbooks, via a field of the public understanding of 
science (PUS), towards society (Figure 1). This gradient is clearly driven by the purpose and 
audience the information is prepared for. Nearly all other domains from society have only 
small overlap with the area of PUS, and have no overlap to the esoteric cores of science itself 
– however – they are indirectly influenced by it. Only very few people from any exoteric 
circle have real overlap with the esoteric core of certain scientific discipline, e.g. some science 
communication experts being themselves scientists in the certain area in question. However, 
in Fleck’s works there is also the link the other way around. Fleck also describes how society 
is influencing the work of scientists by political decisions regarding which kind of research 
should be allowed or funded.  

 
Figure 1. A model of the science-to-society link (based on Bauer 2009) 

 

A central idea of the model applied for science education is that most science-related 
information is everyday life not directly taken from the domain of authentic science. Only a 
very small minority of our secondary science students come or will come in future into 
contact with authentic science (research). In consuming popular science magazines or 
newspapers the reader is no longer dealing with original scientific information; sometimes, 
e.g. in local newspapers, the information is not even processed by scientists who are experts 
in the particular area in question (Eilks et al., 2014). At the same time, mass media in general 

Strand 8 Scientific literacy and socio scientific issues

1482



or e.g. advertisings in particular have a strong impact on young peoples’ lifestyle, behavior 
and view on science (Villani, 2001, Halford et al., 2003; McClune & Jarman, 2012). 

In the model illustrated in Figure 1, there are gradients of concreteness, simplification, 
certainty of judgment, and controversial reception coming from one of the domains to another 
(Eilks et al., 2014). To become skillful in contributing societal debate on SSIs the learner 
needs some understanding of the basic science behind the issue. However, the responsible 
citizen also needs knowledge and understanding about how the information comes into 
societal discussions. In the public, scientific information is mainly presented by special 
interest groups, politicians, journalists or any other societal player. Every citizen is confronted 
with this kind of information that was named in Hofstein et al. (2011) as filtered information. 
To value the respective information one needs to understand who were the individuals or 
groups that 'condense’ information from the science to the public. Frequently, it is just as – if 
not more - important to understand which pathway the information followed and which 
interests have played a role in the transfer of this information. 

Interpreting Fleck's ideas can help understanding why science-related information used for 
public purposes appears only after several steps of simplification, transformation, and 
interpretation. However this information is no longer authentically scientific. If students have 
to cope with socio-scientific debate they need to know and understand that those information 
coming into their life underwent different steps of transformation. Each step of filtering 
information from science to society is carried out by individuals, whether by a scientific 
journalist, news agent, editor, etc. As a result, the final product regularly is substantially 
different from the original, either due to reasons of comprehensibility or by the purpose of the 
intended use of information.  

 

APPLYING LUDWIK FLECK’S WORK IN THE DESIGN OF THE 
SCIENCE CURRICULUM 
Understanding the use of science-related information in society does not need only a simple 
evaluation of the pertinent scientific facts. Frequently, it is just as important to understand 
which transmission the information followed and which interests have played a role. This idea 
is part of the socio-critical and problem-oriented approach to science teaching suggested by 
Marks and Eilks (2009). In recent years, this teaching approach was refined alongside 
different case studies based on the ideas of the model described above. Selected ideas of 
Fleck’s (1935) philosophy were introduced, discussed and operated by the group of PAR 
teachers who did most of the curriculum development work on this specific teaching 
approach.  

For educational purposes, a model of a double-filter mechanism was suggested for 
understanding information transfer in society and to teach about it as it is represented in 
Figure 2 (Eilks et al., 2014). Understanding this double-filtration is directly related to the 
learning how to (re)act towards such information. This is true, for example, in the case of 
determining the credibility of an information source. This includes working out various 
strategies like, e.g. self-consciously contrasting different pieces of information quite possibly 
stemming from sources with diametrically opposed interests. 

The idea of mimicking authentic societal practices regarding information transfer and 
decision-making was developed. When learners mimic respective societal practices they 
imitate the work of individuals or professional groups, namely, how they are dealing with 
science-related information in a socio-scientific controversy. Originally, this idea was 
connected to role-playing and business game exercises (Eilks, 2002; Marks, Bertam & Eilks, 
2008). Later, based on different societal practices of information handling various alternative 
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pedagogies were derived. Such methods were inspired, e.g. by the working of a journalist 
where the students are asked to write a news report on the controversial topic, as if they were 
working in the editorial pool of newspaper or TV news magazine (Marks, Otten & Eilks 
2010). Other recently developed examples mimic the work of product testing agencies where 
different products have to be compared and evaluated. However, the ‘consumer testers’ in 
class have to decide the criteria of the test first and their weighing one to another which 
sometimes has more influence on the result than single data have (Burmeister and Eilks 
2012). Finall'y the work of advertisers was mimicked (Stuckey, Lippel & Eilks, 2012), since 
advertising might be the area of the mostly filtered and altered information at all (Belova & 
Eilks, in print). Students were asked to create their own advertising, e.g. for sweeteners, by 
analyzing a whole set of positive and negative facts about the product. Also analyzing 
dialogues from everyday life or puzzling them based on given quotes of different potential 
persons involved (students, parents, salesman, consultant) proofed to be very appropriate for 
reflecting information use in public communication (Eilks et al., 2012).  

 

 
Figure 2. The doubled filtering process of scientific information transfer 

 

FINDINGS AND IMPLICATIONS 
Based on the evaluation case studies (e.g. Burmeister & Eilks, 2012; Marks & Eilks 2010) it 
was revealed the instructional techniques described before proved to be very motivating. The 
lesson plans allowed the students to learn about different examples of socio-scientific 
information handling by individuals and society at large, a meta-reflection on the model of 
information filtering helped them to better understand the mechanism behind. The students’ 
feedback provides many indications that they became more reflective and critical about them 
(Eilks, 2002, Burmeister & Eilks, 2012). Some of the students explicitly recognized having 
learned that the knowledge about the information transfer can have a bigger influence on how 
the information appears to the reader or listener than the information itself might have (Eilks, 
2002). Some students already began to acknowledge the importance of knowing the source of 
science-related information and its related transfer into public debates and discourse. From the 
teachers’ point of view Fleck's model became a very fruitful tool for structuring lessons as 
well as for reflecting with the students on them. From the review of this development it seems 
that more models like the two illustrated in Figure 1 and 2 are needed to make teaching about 
filtered information and the use of science-related information in societal discourse more 
explicit – both in the science classroom as well as in science teacher education. In an era in 
which scientific literacy for all became a central goal this model (and similar) should be 
considered as an integral part of teacher's enhancement and a a guide for curriculum 
developers 
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INTRODUCTION 

 

As the membership of the European Science Education Research Association grows, 

so does also the community of researchers that contributes to the body of expertise on 

science programmes and experiences outside classrooms. Indeed, worldwide, 

increasing attention is being paid to out-of-school experiences due to the realization 

that significant science learning occurs as a response to unconventional media 

encountered outside the formal education system (Stocklmayer & Gilbert, 2011). 

At the policy level, this awareness is manifest in reports such as the Nuffield 

Foundation’s report Science Education in Europe: Critical Reflections (Osborne & 

Dillon, 2008) or the American National Research Council’s report Learning Science 

in Informal Environments (Bell, Lewenstein, Shouse, & Feder, 2009). In the research 

community, it is reflected in the dedication of the first special issue of the Journal of 

Research in Science Teaching to informal science education in 2003, in the devotion 

of a special section of the journal Science Education to science learning in everyday 

life beginning in 2011, and the launch of a new series of the International Journal of 

Science Education specifically dedicated to science communication and public 

engagement, also in 2011.  

This intensified focus has led to a closer examination of early claims about the 

importance of the qualitative differences between in-school and out-of-school 

learning environments. Today, the discussion about what counts as (science) learning 

has fortunately advanced beyond the formal/informal divide, and is beginning to 

address how various learning organizations can best contribute to creating robust 

learning ecologies for diverse audiences (Bartels, Semper, & Bevan, 2010). Indeed, 

this discussion was present in most of the Strand 9 presentations at ESERA 2013 in 

Nicosia, and it is in this spirit that we, the strand coordinators, have taken the 

initiative to clarify and broaden the description of Strand 9 to reflect this 

development. 

Indeed, from the more content-based focus on environmental education and health 

outlined in the pre-existing description, we suggest that the Strand be broadened to 

encompass any and all out-of-school science education programmes, resources, and 

environments. We also suggest that the Strand’s activities are better described by 

‘theory and methodology for investigating cognitive, psychomotor, affective, and 

social learning outcomes among participants’, rather than the more limited, pre-

existing focus on developing and evaluating the cognitive impact of programmes. We 

hope that these suggestions will be incorporated in the description of Strand 9 as we 

move towards ESERA 2015 in Helsinki. 

As the papers on the following pages attest, Strand 9 does certainly benefit from the 

insights of research on a variety of science education contexts and from the 

employment of a variety of different theoretical and methodological approaches to 

this research. A set of papers examine the potential of close partnerships with local 

communities and industries, supporting the idea that different organisations can 

supplement each other with rich and diverse opportunities that together create robust 

science learning ecologies. Other papers further clarify the interplay between 

organisations, actors and science by the analysis of the perspectives of various 

stakeholders involved in science education.  

The role of the medium or modality of science is investigated in a number of 
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fascinating studies where science is presented in a variety of forms and modalities that 

can surpass traditional modes of dissemination by creating a richer understanding of 

science among learners. Along with the development of new ideas for presenting and 

disseminating science with non-traditional means, some papers develop new theories 

(or the adaptation of existing theories from other disciplines) to explain these 

practices. This latter endeavour is especially welcome, given the time lag between 

research in formal science education and research in out-of-school contexts (Schauble 

& Bartlett, 1997). 

Finally, a number of the papers presented here attest to the suitability of out-of-school 

learning environments to address socio-scientific issues and issues of science, culture 

and worldview. Out-of-school learning environments are not bound by syllabi and 

therefore have the freedom to present science in more realistic and contextual frames 

of meaning; this is perhaps their most powerful contribution to the continuing 

development of critical consumers of science.   

In summary, the papers presented in Strand 9 transcend the traditional boundaries 

between school and out-of-school, between formal and informal education, and thus 

contribute to the healthy erosion of the artificial boundary between these domains. 

Many of us still think about schools when the conversation falls on science education; 

hopefully, readers of the following papers will (re)consider the powerful contributions 

that research in out-of-school environments can make to science education efforts. 

 

Marianne Achiam and Graça S. Carvalho 
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Abstract: Making use of out-of-school settings for learning is currently a topic of 

discussion. On the one hand, there is the wish for opening the school to new learning 

experiences that promote student learning. Arguably, such experiences may enhance 

students’ motivation for the subject. In particular, school laboratories for natural 

sciences organized by institutions or companies other than schools seem to be 

especially promising with regard to the promotion of young researchers, as they 

provide the opportunity for students to conduct experiments that are relevant to 

current scientific issues and to do so in an authentic environment. This, in turn, is 

meant to foster students’ interest and motivation for the sciences and for technology. 

On the other hand, due to the pressure that educational policy guidelines and 

requirements place on both teachers and students, it is questionable whether out-of-

school places of learning are really worthwhile.  

In order to learn more about German teachers’ and principals’ perceptions of the 

impact of out-of-school contexts on science education, their expectations of this form 

of learning and their corresponding personal experiences, a questionnaire study and 

an interview study were carried out. In this research, all those locations, which are 

didactically and methodically prepared, especially school laboratories that are 

organized by institutions or companies other than schools, were of special interest.  

Keywords: out-of-school learning, school laboratories for natural sciences, 

expectations, experiences 

 

FRAMEWORK 

Due to the efforts made to improve scientific education, the discussion about out-of-

school places of learning has increased dramatically in recent years (Rennie 2007, 

Reiss 2012).  

The research on the effects caused by school laboratories is largely heterogeneous. 

There are four larger studies (Engeln, 2004; Brandt, 2005; Scharfenberg 2005; 

Guderian, 2007), which explicitly analyse the effectiveness of school laboratories for 

natural sciences in Germany (Guderian, Priemer 2008). The results of those impact 

studies suggest that making use of school laboratories has positive short-term and 

middle-term effects on students’ interest in the natural sciences as well as on their 

ability to assess their learning process. The research results of Guderian (2007) 

indicate that integrating out-of-school places of learning at least helps to stabilize 

students’ interest. On the other hand Scharfenberg (2005) showed that students who 

visited school laboratories and conducted experiments there did not learn as 

efficiently as students who worked on the same topic without visiting a school 

laboratory. According to the Cognitive Load-Theory, these results might be attributed 

to the handling of unfamiliar experimental activities for students which results in an 
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overload. This indicates that  preparing students for learning in out-of-school settings, 

e.g. school laboratories, could be an important factor when asking for the 

effectiveness of such learning environments.  

Considering this, teachers and their way of dealing with out-of-school places of 

learning seem to play a very important role with regard to the effectiveness of visits to 

those places. Therefore, the focus of this research is on the expectations and 

experiences of science teachers and principals with regard to such aspects of out-of-

school places of learning that according to the current state of research seem to be 

relevant for their impact and effectiveness. This is done because these expectations 

and experiences might be important factors influencing the way of integrating out-of-

school places of learning into teaching. 

 

METHODOLOGY 

In a questionnaire-based study in 2009, teachers (N = 187, response rate 31 %) were 

asked about their expectations and experiences regarding natural science-oriented out-

of-school learning. The questionnaire comprises 13 dimensions including a total of 75 

items (0.656 < Cronbachs α < 0.831) with 4-point Likert-scales (1: „I strongly agree“ 

to 4: „I strongly disagree“).  

Besides the questions about personal data, the questionnaire comprised the following 

scales: 

  1. Teachers‘ general attitude towards out-of-school places of learning  

• Subject-specific reasons  

• Experimentation  

• Authentic research  

• Context orientation  

• Excursions and school curriculum  

• (In)Efficiency  

 2. Expected added values for students’ competences 

• Social learning  

• Motivation of students  

• Experimentation  

• Activity  

• Scientific propaedeutical and scientific work  

• Scientific knowledge  

• Promotion of gifted students  

 

The evaluation of the questionnaire study suggests that the participating teachers did 

not always differentiate between the terms »Lernort« (e. g. forest behind the school) 

and »Lernstandort « (location such as a student laboratory that is didactically and 

methodically prepared and accompanied by trained personnel). 

In addition, it was not always possible to distinguish between teachers’ expectations 

and real experiences in every single category.  

In order to clarify open questions and controversies on the one hand, and to validate 

the results of the questionnaire study on the other hand, eighteen science teachers 

were asked about their attitudes, expectations and experiences with regard to out-of-

school places of learning in an interview study in March 2010. Furthermore, twelve 
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principals were interviewed because they considerably influence teachers’ 

opportunities to arrange visits to out-of-school places of learning. The interviews had 

a duration of 35-40 minutes and based on a guideline which was developed from the 

open questions of the questionnaire study with respect to the theoretical framework.  

By means of the interview study, we obtained results in the following categories: 

• Comparison of expectations and experiences 

• Organisation and feasibility 

• Preparation and postprocessing in class 

• Didactic preparation of contexts, learning material and environment by the  

 provider  

• Reflection among colleagues 

• Advancement of gifted students 

• Social relevance and topicality of the issues 

• Demonstration of career prospects 

• Integration of out-of-school places of learning into the curriculum  

The categorical framework presented above has been assessed and co-coded by the 

authors and two other persons. Thus, three interviews with principals and five 

interviews with science teachers were multiple coded by assigning the categories as 

well as single aspects (subcodes) of these categories to the statements of the 

interviews. The results show high interrater reliabilities (science teachers: κ ≥ .80, 

principals: κ ≥ .92), wherefore, it was possible to analyse the interviews quantitatively 

according to MAYRING (1999) by a frequency table. 

The following table gives an insight into the numbers of respondents of both studies.  

 

Table 1 

Numbers of respondents 

 

Type of school 

Questionnaire Interview Study 

Number of  

teachers 

Number of  

teachers 

Number of 

principals 

Primary school 18 - - 

Lower secondary 

school 

(Hauptschule) 

21 1 1 

Lower secondary 

school 

(Realschule) 

26 4 3 

Comprehensive 

school 

13 1 - 

Gymnasium 89 12 7 

Vocational school 7 - - 

 

 

 

Strand 9 Environmental, health and outdoor science education

1492



SELECTED RESULTS 

a. Results of the questionnaire study 

The results of the questionnaire study suggest that science teachers generally have a 

positive attitude towards visiting out-of-school places of learning because they 

consider them to be beneficial for both the students and themselves, but they 

acknowledged that the costs involved and the lack of students’ interest in a given 

topic are arguments against visiting out-of-school places of learning (see Fig. 1). 

The participants in the survey reported that obtaining expert knowledge is not the 

primary concern when visiting out-of-school places of learning and that the topics 

dealt with at institutions other than schools are not always part of the curriculum. 

Thus, it is rarely possible to use these outings to deepen topics included in the 

curriculum. Furthermore, teachers think that skills such as discussing errors or target-

oriented communication are trained only to a limited extent. Therefore, the 

participants of the questionnaire study generally do not expect a long-lasting and 

successful learning experience.  

 

 

Figure 1. Arguments against visiting out-of-school places of learning 

 

The following figure summarizes the statements concerning the integration of out-of-

school learning in class (see Fig. 2). 
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Figure 2. Statements concerning the integration of out-of-school learning in class 

 

b. Results of the interview study 

What is expected of extracurricular places of learning?  

What is especially remarkable is that the participants in the survey attach greater 

importance to enhancing students’ interest in the sciences than enhancing students’ 

knowledge. Although the interviewed teachers hope that students deepen their 

knowledge of the excursion’s topic, only 28% expect a positive learning effect. In 

part, they believe that this is not the primary goal of out-of-school places of learning. 

On the other hand, they expect greater learning effects when dealing with the topic in 

class.  

Teachers expect greater progress from students when, for instance, students who 

attend advanced courses participate in an excursion than when basic classes or 

students in the 7
th

 to the 10
th

 grade visit extracurricular places of learning. 

Independent of the school type, principals expect a greater impact from excursions to 

extracurricular places of learning than do teachers, which might be due to the lack of 

sufficient personal experience with extracurricular places of learning.  

According to the participating teachers, the promotion of social skills is not an aim of 

visiting student laboratories. Apart from learning how to behave properly in 

laboratories, students’ social skills can equally be fostered by cooperative forms of 

learning in class.  

56% of the participating teachers and 45% of the principals, respectively, assume that 

excursions to school laboratories do not contribute to a notable learning effect due to 

the fact that the topics of the excursions are not properly integrated into class. 

Consequently, students might not consider school laboratories to be places of 

learning, but rather perceive visits as mere »trips«. This explanation, however, is only 

suggested by grammar school teachers. Teachers of other school types attribute low 

learning sustainability to poor organization and particularly to the fact that learning 
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contents are not presented in an appropriate manner for their students at 

extracurricular places of learning.  

 

 

Figure 3. Statements concerning expectations for out-of-school learning 

 

Organisation and feasibilty 

As school laboratories often ask for a reservation month before the visit, it is difficult 

to integrate excursions to student laboratories in everyday school lessons according to 

the interviewed teachers and principals. 

In order to compensate for the classes omitted due to excursions, both students and 

teachers must expect that additional effort will be required. While students will be 

asked to study the content of the lost lessons themselves, teachers must provide work 

for supply teachers who take over their other classes. According to science teachers 

and principals, the additional effort is accepted and excursions to out-of-school places 

of learning are not renounced in light of their expected positive effect on students’ 

motivation and interest in the natural sciences. In general, the teaching staff is very 

cooperative with regard to omitted lessons and the need to provide substitution for 

their colleagues.  
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Figure 4. Statements concerning feasibilty and organisational aspects 

 

Preparation and postprocessing in class 

In general, the materials provided by several student laboratories are considered 

helpful for preparatory and follow- up lessons.  

Principals of all school types agree that the preparation as well as the evaluation of 

excursions to student laboratories is essential for achieving lasting learning success.  

Though the participating teachers generally emphasize the significance of preparing 

and evaluating excursions, they do not believe that they are able to integrate the 

preparation and evaluation process into lessons if the topics of excursions are not 

required in the curriculum.  

While grammar school teachers consistently agree that receiving prepared materials 

from the out-of-school places of learning is important and useful, the teachers of other 

school types mainly indicate that provided materials are rarely of use, as they are 

usually unsuitable to the extent of students’ knowledge. Yet, this group of teachers 

believes that specific information outlining how to prepare the topics of excursions is 

necessary.  

In contrast, the interviewed principals of all school types are predominantly of the 

opinion that materials provided from extracurricular places of learning help in 

preparing excursions and are therefore advisable.  

 

Reflection upon excursions to extracurricular places of learning among 

colleagues 

The interviewed teachers and principals state that they exchange information and 

opinions about extracurricular places of learning by talking openly to each other and 

by reflecting upon the course of these kinds of excursions.  

However, an organized and thus transparent feedback and the sharing of experiences 

within school conferences, for instance, only rarely takes place. 
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The promotion of gifted students 

According to most participating grammar school teachers (88 %) and principals (91 

%), the advancement of gifted students is very important and desirable. However, 

visiting extracurricular places of learning was found to rarely have furthered the 

learning of such students. 

67 % of the interviewed science teachers report that they appreciate the possibility to 

promote learning among especially gifted students by assigning these students 

specific tasks or by encouraging them to participate in special activities and events. 

In contrast, the interviewed principals of the other school types, in particular, consider 

the advancement of gifted students irrelevant and hardly feasible when visits to 

extracurricular places of learning involve entire classes.  

 

Social relevance and topicality of issues 

In the participating teachers’ view, the social relevance and topics dealt with at out-

of-school places of learning are interesting but not mandatory according to the 

curriculum. The topics of excursions are considered less important than the 

integration of such topics into everyday classes. However, current issues, in 

particular, can hardly be integrated. It seems to be difficult to present current research 

content to students taking into account their state of knowledge. Nevertheless, 

according to teachers it is important that there is a link between the issue dealt with at 

out-of-school places of learning and the students’ everyday lives.  

 

 

Figure 5. Statements concerning the integration of out-of-school learning into 

everyday lessons 

 

Demonstration of career prospects by excursions to extracurricular 

places of learning 

Almost all participants assume that insights into day-to-day research work and the 

contact to real researchers (e.g. practical work in a laboratory) might offer possible 

career prospects.  

Due to the fact that »real« researchers are often considered unable to explain their 

research content adequately to the average person, the participating teachers doubt 

that visits to extracurricular places of learning broaden career perspectives. 

Furthermore, this may also be due to the fact that student laboratories cannot be 

viewed as authentic workplaces where »real« researchers work.  
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Integration of extracurricular places of learning into curricular teaching 

Most teachers and principals agree that visits to student laboratories should not be 

required by the school curriculum.  

Rather, excursions should be done on a voluntary basis since not all classes and 

courses are qualified to visit a student laboratory.  

Nevertheless, if the curriculum demanded excursions to extracurricular places of 

learning, the decision in favour of or against an excursion would no longer depend on 

the respective teacher. 

In order to make excursions mandatory, a sufficient number of extracurricular places 

of learning would be needed.  

 

Attitudes towards the alternative to cooperate with student laboratories 

regularly 

The opportunity that students in advanced courses can cooperate regularly with 

student laboratories is evaluated as very positive by the participating teachers.  

However, they think it would be problematic to organize such a cooperative effort 

between students and student laboratories if, for instance, it takes a great deal of time 

to go there.  

 

Furthermore, the cooperation would require that all learning contents are arranged in 

accordance with the curriculum to ensure that all topics dealt with at the student 

laboratory can be implemented adequately in everyday classes. 

Likewise, the interviewed principals also appreciate the option to enable students of 

advanced courses to cooperate with student laboratories regularly. However, they 

emphasize that this kind of cooperation can only be successful if the directives of the 

curriculum are strictly considered because of the limited time frame fixed by the 

central curricular guidelines. Teachers must be in charge of the organization and the 

success of such cooperations. 

 

 

SUMMARY AND CONCLUSIONS 

Due to the limited number of results, the findings of the presented research study 

cannot be applied without restrictions to other regions where student laboratories 

interact with schools.  

Yet, they provide us with deeper insights into the fields of activity of extracurricular 

places of learning and student laboratories, respectively, and allow us to draw 

conclusions regarding the work in and of student laboratories: 

The results revealed that teachers and principals are absolutely willing to use 

extracurricular places of learning.  

However, teachers’ expectations for extracurricular places of learning are rarely met. 

In general, they do not expect much learning success from excursions to 

extracurricular places of learning since the topics dealt with at student laboratories 
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hardly relate to the topics required by the curriculum. Thus, the integration of student 

laboratories into everyday teaching is on one hand very difficult and on the other hand 

very important. 

The strict curricular guidelines and the time restriction due to the centralized final 

exams and the reduction of the school-leaving age make it especially difficult to 

integrate topics of student laboratories that differ from those proposed in the 

curriculum.  

In addition, at most student laboratories a prior date arrangement is not possible 

because of the fact that they are highly frequented. Hence, their capacities are 

overloaded.  

The results revealed that the participants think that student laboratories alone cannot 

guarantee authenticity. Thus, teachers do not believe that the insights into day-to-day 

laboratory work inform students sufficiently about career prospects. In order to make 

students deal with possible occupational fields, different organizational structures and 

different objectives of student laboratories have to be established. 

Taking these results into account, we draw several conclusions, which could 

positively influence the effectiveness of working in and with student laboratories in 

the future.  

Operators of student laboratories should revise their success criteria, so that not only 

the number of students visiting student laboratories is considered the criterion for 

success.  

The capacity of student laboratories will not be sufficient to increase the number of 

visits so that sustainable and measureable learning progresses are achieved; not even 

when the capacity of student laboratories is increased. Therefore, the available 

resources in the field of extracurricular learning should be employed more efficiently 

for example by focusing on the promotion of gifted students and on teacher training 

courses. The last point would contribute to “bringing back” ” interesting topics to 

schools, to make science education more attractive for students. 

A coordination of content and organization with teachers within the area of student 

laboratories can help identify especially interested and gifted students who are then 

specifically challenged at student laboratories.  

Whenever possible, student laboratories should be integrated into teacher education 

since the work in these laboratories enables student teachers to train their 

competencies and skills within a protected area.  

Under this scenario, it is much easier to inform students about the career as a scientist 

by enabling especially interested and gifted students to gain insight into institutions 

behind student laboratories that provide authenticity.  
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Abstract: Issues related to human health are traditionally developed since the early 

years of formal schooling in Brazil. Health, as a complex term, as well as the role of 

various factors that influence and determine health status can be presented and 

discussed at the school in different perspectives. Among the many materials in 

support of the teacher, the textbook, because of the role it plays at classroom, can be 

considered as important, if not the main instrument of curriculum organization. This 

study, based on the theoretical field of Social Epidemiology, aims to show an analyses 

related to how and what is the role attributed to several factors that influence and 

determine the health-disease process in Science textbooks for early years of 

Elementary School in Brazil. It have been analyzed all the 11 collections approved by 

the National Textbook Program in 2010 (PNLD 2010), in a total of 44 books. The 

analyzed textbooks tend to give little attention to the social determinants of health 

(SDH) and focuses on individual behaviors and habits without discussions about the 

students living context. Coherently, the modification or adaptation of these is the main 

objective to be achieved from orientations or prescriptions. It is suggested that this 

material addresses the conceptual advances in the health area, in order to address the 

issue from a broader framework that takes into account the different aspects that 

affect the health status of individuals and population groups, especially those of a 

collective nature and historically constituted (cultural, socioeconomic, 

environmental), in order to make more meaningful and contextualized the discussions 

on health in the classroom. 

Keywords: health education; textbook; science education; elementary school. 

 

INTRODUCTION 

Contents related to human health are traditionally part of curricular proposals since 

the early years of schooling in Brazil. However, is a complex task to define what 

health is, as well as the different understandings about the influence exerted by the 

range of factors which affect human health. This complexity can be shown, for 

instance, in the health definition have made in 1946 by the World Health Organization 

(WHO) as “a state of complete physical, mental and social well-being and not merely 

the absence of disease or infirmity” (WHO, 1946, p.02), which have been receiving 

many critical due to its imprecise character and utopic meaning. Questions like the 

following are commonly made by the authors who have been doing this critical: What 

is this "complete well-being state"? How it can be reached? If this “state” can be 

reached, how stay on it? 

Furthermore, there are distinct explanatory models which trying to explain the health-

disease process and the factors that influence the health status of people that guide 
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different intervention strategies in reality and social practices, including  educational 

actions related to the theme.  Indeed, these different understandings define distinct 

educational objectives for the development of the theme at school that "reflect 

different understandings of the world, marked by distinct political and philosophical 

positions about man and society." (Schall & Struchiner, 1999, p. 04). 

Health on social perspective 

Currently is a consensus at field of Social Epidemiology that health is defined by a set 

of factors that go far beyond its biological dimension, among them environmental, 

social, economic and cultural, generically referred as Social Determinants of Health 

(SDH), which have been defined by the World Health Organization (WHO, 2008) in 

these terms: 

     Traditionally, societies have looked to the health sector to deal with its 

concerns about health and disease. Certainly, maldistribution of health care – 

not delivering care to those who most need it – is one of the social 

determinants of health. But the high burden of illness responsible for appalling 

premature loss of life arises in large part because of the conditions in which 

people are born, grow, live, work, and age – conditions that together provide 

the freedom people need to live lives they value. (p.28) 

The same institution points SDH as the main reason of the health iniquities in the 

world or between groups in the same country 

     Health inequities arise from the societal conditions in which people are 

born, grow, live, work and age, referred to as social determinants of health. 

These include early years' experiences, education, economic status, 

employment and decent work, housing and environment, and effective system 

of preventing and treating ill health. We are convinced that action on these 

determinants, both for vulnerable groups and the entire population, is essential 

to create inclusive, equitable, economically productive and healthy societies. 

Positioning human health and well-being as one of the key features of what 

constitutes a successful, inclusive and fair society in the 21st century is 

consistent with our commitment to human rights at national and international 

levels. (WHO, 2011, p.02) 

To illustrate this perspective and the framework which have been used in the global 

reports the World Health Organizations uses Dalhgren &Whitehead’s social 

determinants of health model (1991).  Nowadays this model is considered one of the 

best to illustrate SDH importance in the health status of individual and communities. 

(Figure 1). 
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Figure 1.  Dalhgren &Whitehead’s model of social determinants of health.  

This model, accepted by WHO, clearly shows the major role of the Social 

Determinants as the most important factors that influence the living conditions and 

also the individual choices and lifestyle. In other words, if one wants to understand 

the health situation of a person, group and community he/she have to take account and 

analyze the social context where this person is inserted. 

In Brazilian formal schooling traditionally is duty of Science and Physical Education 

teachers (in elementary education) and also Biology teachers (in high school) the 

development of contents related to health. Such teachers are seen, also by themselves, 

as "health agents within the school" who are responsible for the development of 

health-promoting attitudes, changes and development of “healthy habits" by the 

students, as well as by guidance on preventive measures and attitudes related to 

specific diseases or injuries. 

In this sense, their proposals are based on the understanding they have of the concept 

of health and the role played by the various factors that influence health status of the 

people. This understanding influences decisively the definition of educational 

objectives, the content to be developed and its connectedness, as well as the choice of 

the subjects that will be valued and emphasized when developing the theme in the 

classroom. 

Given the diversity and inequality in the country, specifically with regard to access to 

information and processes of teacher training, it is possible say that textbooks (TB) 

are one of the most important resources to support the school curriculum and because 

of it the manner how the health issues are addressed, or even the logical development 

of the proposed activities by these materials have an important influence in the 

students' (and also teachers') understanding about the health-disease process and about 

factors that influence and determine the health status of individuals, groups and 

communities. Also, because of this diversity on teachers training the textbooks 

occupy an important role of theoretical reference for many teachers, who use it as the 

main instrument for their own formation. 
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The Brazilian Ministry of Education (MEC) explains his understanding of the role the 

textbook plays in curriculum development by stating that 

     to fulfill their didactic and pedagogical objectives, the textbook selects 

certain content over others, and organizes them according to a certain plan and 

sequence. In this sense - and occupying the place of the teacher - LD: 1) 

performs a selection of the matter to be given; 2) provides for her right kind of 

approach and treatment, and 3) proposes a path for your own exploration. 

(BRASIL, 2006, p.28) 

Accordingly with this understanding one of the most important programs related to 

education in Brazil is the National Program of Textbook (Programa Nacional do 

Livro Didático - PNLD) which is responsible for the acquisition and distribution of 

textbooks that have been chosen by the teachers of all public schools in the country. 

So they can be chosen by the teachers (and bought by the MEC) the TB have to be 

approved by an assessment staff named by the ministry, usually coordinated by public 

universities groups.  Based on data from the National Fund for Education 

Development (Fundo Nacional de Desenvolvimento da Educação - FNDE), only in 

2010 it have been acquired by PNLD about 110 million volumes of textbooks and 

supplementary workbooks (dictionaries) benefiting about 29 million students, which 

shows the magnitude and importance of this program in Brazil (BRASIL, 2010). 

Therefore, being the textbook one of the most important resources to support 

curriculum development, it is possible to say they influence decisively the manner in 

which students and teachers understand the health-disease process and the factors that 

influence and determine it. Thus, investigate how health issues are presented in this 

material can contribute with their improvement also with the program in general. 

To this investigation we adopt the framework of Social Epidemiology and from the 

critical perspective in Education and it have been defined the follow assumptions that 

guided this study:  

1 - Health is a complex term which can be understood in different ways and from 

different conceptions. Proposals for health education inside the school environment 

are strongly influenced by those in different views on the subject; 

2 - The health-disease process is determined and influenced by the natural order 

factors (biological, physiological, environmental) and by factors which are 

historically built (cultural, socioeconomic, access to goods and services etc.). 

According to the framework of Social Epidemiology, the first ones are influenced 

decisively by the second. Moreover the health- disease process contemplates and must 

be analyzed both from its individual and collective dimensions,  

3 - Education has the role of providing conditions for the development of learning in 

order to provide conditions to the students can be able to take a critical position 

towards reality, including with regard to their, their family and community’s health 

situation. Due to it, the social factors that influence the health status of individuals, 

specific groups and the general population should be understood as an object of study 

and learning by the students; 

4 - Textbooks have a major role as a supporting material for teachers and students and 

strongly influence curriculum development. Related to the health, the way that its 

issues are handled in this material defines visions and conceptions on the subject. 
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From the foregoing, the present study aims to present an analyze of how the factors 

that determine the health-disease process have being presented in Science textbooks 

for the early years of elementary school in Brazil and what are the main educational 

objectives related to the theme in these materials. 

 

METHODS 

We have analyzed all 11 Science Collections for the early years of elementary school 

(2nd to 5th year – 07 to 10 years old) that have been approved by the National 

Textbook Program 2010 (PNLD 2010) to be used by the public schools all over de 

country.  Total of 44 volumes. 

In this set of books have been chosen 289 sections to be analyzed based on the  

following criteria: 1) units with the term “health” in its title or ones with explicit 

reference to health issues; 2) sections where it have been used the term "health", even 

though in units or chapters that do not address directly the issue, 3) stretches where 

the educational objectives described in the teacher's manual are related to the topic; 4) 

units or chapters about the human body description: anatomy and physiology and 5) 

unit or chapters related to food and nutrition. These units have been analyzed 

individually in order to understand what kind of determinants is emphasized and what 

their educational objectives are. 

 

RESULTS 

Firstly, it is important take note at the variety of themes that were found in these 

textbooks. In the 289 units was possible to map, after being grouped by similarity, 34 

different health issues. This mapping showed that some topics appear frequently and 

in all collections: food and nutrition, oral health, personal hygiene, waterborne 

diseases and importance of the consumption of treated water, description and function 

of organs and structures of the human body and organs of senses. On the other hand, 

discussions about the living conditions and housing and its relationship to health, 

body image and unhealthy behaviors (use of steroids or alimentary disorders, e. g.), or 

even units that aim to define what is health appear infrequently. In just one book we 

can find as unit was which presents a discussion about health as a social right as 

defined under the Brazilian Federal Constitution. 

About the determinants, it have been found 358 emphasis by the fact that more than 

one determinant could be appointed at the same unit of analysis. In the same way used 

in the theme analyze these determinants have been clustered at five sets: 

Biological/physiological aspects, cultural factors, socioeconomic factors, 

environmental aspects and behavioral factors.  

Grouped in sets proposed above, the factors that influence the health status appear in 

the units analyzed as follow: behavioral factors (55%), biological / physiological 

(19%), socioeconomic (7.5%), environmental and cultural (6%). There was some 

units where there is no discussion about the determinants factors (7%), mainly related 

to the description of human body structures. Draws attention to the significant 

prevalence of behavioral aspects, which appear in more than half of the units 

analyzed, whereas other factors appear with percentages minor of 20% (Figure 2). 
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Figure 2. Percentage of more emphasized determinant. Total of units. 

In other words, more than the half part of all analyzed units show almost exclusively 

personal behavior as the main factor that interferes in health situation. Taking the 

individual as the focus of the work, these aspects are addressed in TB basically from 

three ways: the acquisition or change of habits, mainly on dietary habits and personal 

hygiene; behaviors aimed at the prevention of specific diseases or disorders, through 

the knowledge about the disease (etiologic agent, symptoms, ways of transmission, 

treatment) or specific risk and; discussions about the lifestyle and personal choices to 

“be healthy”, emphasizing that health is a result of individual choices (do/do not do 

something). 

The second set in percentages is related to the units in which the biological and / or 

physiological factors are the focus of discussions (19%). These units point the health 

situation as related to the presence of etiologic agents (e.g. viruses, bacteria, fungi, 

internal and external parasites) or dysfunctions or deficiencies in the body. Also, they 

address the theme of health from the classical approach based on the description of 

the agent or dysfunction, disease symptoms, means of transmission and prevention, 

prophylaxis or treatment. The main objective is the knowledge about the disease (or 

disorder) so that the individual may be able to prevent it. 

This perspective is exactly the crux of the criticisms made by the National Curriculum 

Parameters (Parâmetros Curriculares Nacionais - PCN) published over 15 years ago 

to the tradition of the teaching of subjects related to health: 

    Experiments shows that transmit information about the functioning of the 

body and the description of the disease as well as a cast of hygiene is not 

enough for students to develop healthy attitudes to life. (BRASIL, 1997, p.61). 

If these two major sets are clustered in only one group, the individual perspective is 

clearly shown, occupying almost 75% of total. 

All of others determinants, especially those which are defined by collective condition 

(cultural and socioeconomic aspects e.g.) named as Social Determinants of Health are 

rarely addressed. 
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DISCUSSION 

The aspect that has been mainly shown refers to the idea that health is heavily treated 

from the individual perspective and due to it the individual is the focus of attention 

and the core of the action. More than any other aspect the health situation depends on 

a set of behaviors that should be built by individuals in order to preserve, improve or 

not worsen your health. In other words, what is emphasized is that "being healthy" 

depends crucially on behaviors which have to be followed. 

Whether through the idea of acquiring or modifying habits, prevention of specific 

diseases or injuries or from the perspective of personal choices and lifestyles,   the 

individual behavior, and only it, determines health status of the people. Therefore, the 

improvement of health is only duty of student. So, his or her the problem is learn how 

to "decide" or obey rules for adopting behaviors and attitudes that will make 

"healthier", without discussion about the contextual or structural material conditions 

in which it is inserted and its results on his/her health condition. 

Also, to be able to choose which is “the healthier” decision the students have to learn 

about the diseases. Therefore, the analyzed textbooks emphasize contents which 

describe of the agents, symptoms, transmission and treatment. In other words, aiming 

to discuss health the books emphasize content related to disease. 

Assuming that the social determinants cannot be considered as important as the other 

ones (natural, biological, physiological), due to that early ones influence and 

determine the seconds ones (Krieger, 2001; Rouquayrol & Goldbaum, 2003) we can 

say Brazilian textbooks naturalize certain health conditions that are not natural, but 

historically constituted. Also, they have a tendency to blame individuals, because of 

your choices or your lifestyle for his "good" or "poor" health status, without being 

taken into account the material conditions of existence in which students live and if 

these choices are possible to be made. (Castiel, 2007). 

This perspective is quite questionable even in contexts of equal access to material 

goods and minimally decent living conditions which is not the case in Brazil. Because 

of the deep social inequality, treat health basically as a result of individual choices is 

delegate the responsibility to assume many choices, considered "healthy", for children 

of a significant portion of the population in which these choices are impossible or, at 

least, very difficult. 

Also, the role and importance of SDH are consensual at the health theoretical field, 

especially at the Social Epidemiology. Because of it, this lack in the textbooks seems 

to be an important outdating. Therefore, these materials have to incorporate these 

principles and models in order to promote discussions at the classroom made from 

current theoretical frameworks. 

It is noteworthy that the approach to health issues taking into account its social 

aspects of collective character is not always possible and desirable. Into the 

development of some topics, given its nature, the incorporation of these aspects 

sounds artificialized and in a certain sense, naive or repetitive. Also it can be 

understood even an epistemological and didactic mistake. Therefore, we understand 

that the SDH have not to be treated in all of contents related to health, but they have 

to be the background to the curriculum development. 

The criticism made here lies in the fact that the set of books which has been analyzed 

do not address the social factors of collective character as aspects that significantly 
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influence the living conditions and health conditions of individuals and populations.  

Because of it, these textbooks tend to naturalize certain health conditions that are not 

natural or even blame individuals, and only them, decontextualized from the material 

conditions of existence in which they live, for their health situation. 

Understood the school as a local and the education as a social practice able to develop 

skills and learning to the students can position themselves critically in reality, the 

diverse issues related to health, not just those related to individual behaviors or related 

to the knowledge about the disease should be discussed and must be considered as an 

object of student learning. 

Only in this way Brazilian textbooks could be an important tool for the development 

of learning and skills that may contribute to a critical position in society to face the 

health inequities related to the social inequalities in different orders in the country, to 

improve the conditions of life of individuals, groups and communities. 
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Abstract: The ESD concept will develop alternative strategies for science education 

from both scientific and sociological perspectives. This study presents how Japanese 

students explain their ESD attitudes towards the relationship between humans and the 

wild species. We developed a new ESD programme for Japanese student to introduce 

contradictory views on the deer and its conservation. One of the authors lectured 

about the past and the present story of the deer for the students in higher education 

and examined how they conceive of a process in the past-present-future. A pilot 

framework to assess students’ description was developed as questionnaires based on 

authentic assessment method. 44 students were given two kinds of questionnaires 

after hearing the deer story. One is the ‘Yes’ or ‘No’ questions designed to examine 

whether students knew the situation of the deer. The other is the free writing question 

to investigate how they conceive of sustainability with respect to the relationship 

between humans and the deer. For the free writing question, each student’s answer 

received a grade from 0 to 4 according to the rubrics. As a result, it was revealed that 

although most students had some basic information about the species, they did not 

realise the past and present dynamics of humans’ relationship with the deer. When 

students express their attitudes towards the future, 17 students made a clear decision 

in favour of either extermination or protection and 19 students wrote about their 

obligation. However, 16 students did not express their attitudes or what they could do 

for the future. In conclusion, the Ezo-shika deer story proved a moderately successful 

module to express students’ attitudes on sustainable development when assessing the 

relationship between humans and the wild species. We will continue to improve the 

ESD module to promote students’ understanding of sustainable development. 

Keywords: education for sustainable development, ecology, higher education, 

authentic assessment 

 

INTRODUCTION 

Education for Sustainable Development [ESD] is a new international slogan, declared 

by the United Nations Educational, Scientific and Cultural Organization [UNESCO] 

in 2005. According to the declaration, sustainability is not just about conserving the 

environment, but about learning to live in respectful relationships with each other and 

with our world (UNESCO, 2006). Among the three principal dimensions—

environmental, economic, and socio-scientific—Japanese students show the great 

interest for the environmental dimension (Miyake, Takenaka, & Nogami, 2011). One 

potential reason for this is that there are few ESD programmes in Japan which focus 

on social issues.  
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ROSE  (The Relevance of Science Education) data of Japan region, analyzed by 

Simode (2004), suggested that the Japanese students showed higher positive attitude 

to work with animals (Mean B3) compared with other countries’ students. However, 

when they were asked ‘how people, animals, plants and the environment depend on 

each other (Mean A16)’, they responded just midpoint. This fact means that they were 

ambivalent about those relationships. Accordingly, we developed a new programme 

for ESD which turns on the relationship between human society and wildlife. 

 

RATIONALE 

The ESD concept will develop alternative strategies for science education (Fensham, 

2008), since the concept expects for the next generation to promote balanceable 

intelligence from both scientific and sociological perspectives. In fact, sustainable 

development [SD] has been high on the political agenda. Chapter 36 of Agenda 21 

specifically discusses promoting education, public awareness, and training (United 

Nations Division for Sustainable Development, 1992). After the publication of the 

agenda, several ESD programmes have developed in local bases all over the world 

(e.g. Glasson, Mhango, Phiri & Lanier, 2009). However, it has not been carefully 

discussed how the programme contents promote sustainability balance for the 

participants. Particularly, evaluation criteria for the outcomes and effectiveness of the 

programmes are still unclear. Lee & Sogner (2003) suggested that ‘authentic activities 

are important in promoting inquiry because they provide natural problem-solving 

contexts with high degrees of complexity’. ‘Authentic assessment has received much 

attention in the science education and assessment literature’, because it ‘occurs in a 

meaningful context when it relates to authentic concerns and problems encountered 

by students’ (Enery, 2001). Therefore, if we evaluate and consider students’ attitudes 

towards SD, it may be helpful to look at what kind of words and descriptions students 

write, because this evidence may indicate how students conceive of coexistence in the 

past-present-future dynamics.   

Which animal is appropriate for students to promote awareness of such a social 

aspect? One of the most interest animals for this subject would be Ezo-shika 

subspecies (Cervus nippon yesoensis). The Hokkaido Council has designated the Ezo-

shika deer as a pest and has authorised its extermination, because the deer caused 

agriculture and forestry damages of over 5.9 billion Japanese yen (590 billion US 

dollar). Therefore, approximately 800 deer were designated in 2012 (Hokkaido 

Regional Forest Office, n.d.). On the other hand, the animal is shown in the Red List 

published by the International Union for Conservation of Nature [IUCN]. Even 

though the deer is listed in ‘Least Concern’ category, ‘the species is in serious trouble 

in the rest (except for Russia and Japan) of its range’ (IUCN, 2012). This means that 

the species is endangered in certain areas. Thus, human society has contradictory 

views on the deer and its conservation.  

 

PROCEDURE: DEVELOPMENT OF A PILOT LECTURE 

Do Japanese students know the contradiction between human society and the Ezo-

shika deer in Hokkaido area? How do they conceive the sustainability balance 

between humans and the deer if they know the situation? This piece of research 
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presents how Japanese students explain their ESD attitude towards the relationship 

between humans and this species of wildlife. Our original programme draws out 

student attitudes toward the deer, especially the Ezo-shika subspecies (Cervus nippon 

yesoensis) that lives in the Hokkaido area.  

One of the authors developed a lecture about the past and the present story of the Ezo-

shika deer for the college students aged 20’s. The lecture took place in 90 minutes and 

included the narrative of coexistence in the past-present-future dynamics. Lecture 

contents were summarized in handouts and distributed to the participant students. The 

first handout described the present situation that the deer has been designated as a pest 

and has been killed because it causes damage by feeding habits and traffic accidents. 

The second handout sheet presented a story of the past situation, which emphasised 

coexistence between the Ainu people and the deer. 

As well as slide-based handouts, the story was referenced from the children’s book, 

Ezo-shika no Apka [The Ezo-shika deer Apka] (Takahashi, 1979), that illustrated 

coexistence history and how the Ezo-shika disappeared in the pioneer period in 

Hokkaido. This handout for the students was re-edited the story to A4 one page of 

approximately 1500 words from 116 pages of approximately 25,000 words by the 

author. 

After the lecture, 44 students were given questionnaires to assess their opinions after 

hearing the deer story. The ‘Yes’ or ‘No’ questions, QC-1 to QC-4, were designed to 

examine whether students knew the situation of the deer.  

QC-1. Did you know that the Ezo-shika deer lives in Hokkaido? 

QC-2. Did you know that the Ezo-shika deer was designated as a pest? 

QC-3. Did you know that the Ezo-okami wolf was a natural enemy of the 

 Ezo-shika deer? 

QC-4. Did you know that the Ezo-shika deer traditionally supplied living 

 materials for people? 

 

The free writing questions , QW-1 to QW-3, were given to investigate how the 

students conceive of sustainability with respect to the relationship between humans 

and the deer. For the free writing questions, each student’s answer received a grade 

from 0 to 4 according to the rubrics. While, grade 0 means unclear attitude, grade 4 

means clear attitude. 

QW-1. Which do you choose for the future extermination or protection? 

[Writing Rubric] 

4  Answer includes clear decision making and a rationale is given. 

3  Answer includes clear decision making, but the reason is not explained. 

2  Answer does not include clear decision making. 

1  Answer does not relate to the question or expresses only emotional 

 sentiment such as ‘I am sorry for the deer’. 

0  Blank 
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QW-2. What will happen in the future? 

[Writing Rubric] 

4  Answer includes a clear prediction for the future, based on an 

 understanding of the past and present and with reference to the relationship 

 between these situations.  

3  Answer includes a clear prediction about the future, but the relation  

 between that prediction and the past and present is not explained.  

2  Answer does not include a clear prediction. (Only about population.) 

1  Answer does not relate to the question or is phrased as ‘I do not know’. 

0  Blank 

 

QW-3. What will you have to do for the future? 

[Writing Rubric] 

4  Answer expresses a clear attitude about what he/she should do for the future. 

3  Answer includes explanation which focuses on others, not him/herself. 

2  Answer does not express an attitude. 

1  Answer does not relate to the question or is phrased as ‘I do not know’. 

0  Blank 

 

RESULTS AND CONCLUSION 

Table 1 shows the results of the Yes-No questions. Approximately 80% of students 

already knew of the Ezo-shika deer (QC-1). However, only half of the students knew 

that the deer was designated as a pest and authorized for extermination (QC-2) and 

that the Ezo-okami wolf was its natural enemy (QC-3). Furthermore, less than half 

students knew that the deer once supplied necessary materials for human society in 

Hokkaido, such as meat for food and skin for clothing (QC-4). These results suggest 

that, although most students had some basic information about this wild species, they 

did not realise the past and present dynamics of humans’ relationship with the deer. 

 

 

 

According to Table 2, students’ attitude towards sustainable development with respect 

to the deer and human society are as follows. Approximately 43% (17 students) 

Table 1 
 

Students’ Answer for ‘Yes-No’ Questions (N=44)	

QC-1  37     7 

QC-2  25   19 

QC-3  21   23 

QC-4  17   27	

   Yes                      N o	

Strand 9 Environmental, health and outdoor science education

1513



 

 

students made a clear decision in favour of either extermination or protection. Among 

them, more than 70% wrote the reason for their decision (QW-1). 33 students in 

Grade 3 and 4 showed that they could make a prediction for the future (QW-2), 

however, almost the half of them did not answer based on factual information about 

present and past relations. In addition, 18 students did not respond to the question.  

 

 

This may indicate their inability to give a prediction, or perhaps it is evidence that 

suggests they are not interested in the future relationships between humans and the 

deer (or wildlife more broadly). There are 19 students who wrote about their 

obligation for the future (QW-3). On the other hand, 16 students did not express their 

attitudes or what they could do for the future. This may suggest that 40% of students 

saw the future situation as ‘not for me’ issue. 

When Jenkins & Nelson (2005) surveyed young people’s (14-15 years of age in 

England) attitude towards science, they characterized it that science for the generation 

was ‘important but not for me’. In this regard, a result of our study found a fact that 

the Japanese young generation also had such indifferent attitude toward their familiar 

surroundings. 

In conclusion, the Ezo-shika deer story proved a moderately successful module in that 

half of the students were able to express their attitudes on sustainable development 

when assessing the relationship between humans and this wild species. However, 

there were problems for the other half. This result may suggest that we Japanese 

struggle to articulate clear decisions and attitudes towards even this familiar animal. 

We will continue to develop ESD material and to promote students’ understanding of 

sustainable development.  
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Table 2 
 

Students’ Answer for Free Writing Questions (N=44)	

QW-1  17    7  10  6    4 

QW-2  12  11    2  1  18 

QW-3  19   9    4  0  12  

Scale of Attitude 

Clear                   Unclear 

4  3  2  1  0	
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Abstract: In this paper we propose a set of six activities that take place in the school 

courtyard and attempt to bridge science learning with sports. Pupils are encouraged to 

use their bodies and they not only “do” but also “feel” science concepts and theories 

while participating in animated science analogies. Multiple applications of the 

developed course in primary schools in Greece have taken place since 2012. In 5 

different Greek schools in the areas of Thessaloniki and Kilkis, 102 pupils (11-12 

years old, 54 boys and 48 girls) have attended the six developed activities. Pupils 

compete with each other, run, dance and collide as they study some pretty difficult 

science concepts and theories about motion, electricity, pressure, waves, atoms and 

molecules. In the six developed activities: a)Pupils run around a basketball court in 

order to visualize the way electrons move in an electrical circuit and reconstruct the 

way an electric device works. b)They compete in a speed race measuring velocity. 

c)They play the role of molecules and dance trying to demonstrate what happens 

when an ice cube melts. d)They animate electrons, protons and neutrons in an analogy 

about atoms. e)They examine the reasons for not sinking in snow when they wear 

snow shoes. f)They perform a “hola -wave” to see and discuss whether mass or 

energy are transmitted by a wave. Data have been collected using video- recordings, 

questionnaires and in-depth interviews with pupils and analyzed using the GNOSIS 

research model . Results show that the developed activities introduce pupils to the 

nature of science and modify their perceived image about science helping them 

approach science in a qualitative, creative, comprehensible, practical, effective and 

pleasant way. Nevertheless, activities are focused on qualitative rather than 

quantitative science teaching and aim to develop not only cognitive but also meta-

cognitive and emotional skills. 

Keywords: interest and motivation, science learning and sports, outdoor science 

education, nature of science, GNOSIS research model 

 

INTRODUCTION 

As many studies report, pupils consider science courses to be difficult and boring 

(Logan & Skamp, 2008; OECD, 2007; Olsen, Prenzel, & Martin, 2011) whereas there 

is a decline of interest in key science subjects among young people in Europe (OECD, 

2006; Osborne, Simon & Collins, 2003; Rocard et al., 2007). This attitude is 

reinforced by the failure of science courses to present science as part of real life 

situations (Gilbert, Bulte & Pilot, 2011; Koumaras & Seroglou, 2008; Kozoll & 

Osborne, 2004; Seroglou, 2006). In order to confront this negative attitude, teachers 

must create an environment of joy, excitement, and love for science learning in order 

to make learning fun (DiCarlo, 2009). Science teachers and researchers in science 

education have proposed a variety of learning environments in order to improve 
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pupils’ attitudes towards science and scientists. In this paper, we propose a non formal 

science course, combining science and sports, that can be implemented in the school 

gym or courtyard. In this real life environment pupils play games, run, jump, dance, 

perform analogies and actually learn science. The role and the importance of 

analogies as explanatory devices in science teaching has been in depth established and 

studied in bibliography (Duit, 1991; Treagust, Duit, Joslin, & Lindauer, 1992). 

Analogies can increase students’ interest and motivate them. For analogies to be 

effective, it appears essential that the analogy should be familiar to as many students 

as possible (Harrison & Treagust,1993) and connect a familiar and an unknown 

domain (Glynn & Muth, 1994). Games and sports are very familiar situations for 

students so we encourage students to form analogies using their own bodies. 

With a series of activities combining science with sport, pupils are tempted to use 

their bodies in order to study science concepts and theories in a pleasant and effective 

way. Our main target has been to connect abstract models and formulae to real 

phenomena and daily activities using analogies and sport dynamics. We have tried to 

avoid mathematics and equations focusing on a qualitative approach. We have 

developed six activities for 12-year-old pupils that focus on some of the most difficult 

science concepts that have troubled pupils during their studies in the previous school 

years. During the developed course pupils, for two hours, are encouraged to use their 

bodies as an animated instrument or device in order to “experiment” and study more 

than 10 science concepts that appear in six individual activities about motion, 

electricity, pressure, waves, atoms and molecules. 

There is a great number of books, papers, magazines and sites that establishes the 

relationship between physics and sports (Frohlich, 2011; Hubisz, 2004; MacIsaac, 

2006).The main purpose of our study is to examine how sports and outdoor activities 

can be used in order to introduce science concepts to young students in a pleasant and 

effective way. More specifically, our study attempts to answer the following research 

questions: 

1. Can outdoor activities that combine science and sports motivate and engage pupils 

to learn science? 

2. Can science and sports activities help pupils elaborate on their understanding of 

science concepts that support abstract models and theories? 

3. Could outdoor activities encourage and promote cognitive, meta- cognitive, and 

emotional skills and attitudes that introduce students to the nature of science in the 

context of scientific literacy? 

 

METHODS 

In this study a qualitative and a quantitative research took place with 102 participants 

(54 boys and 48 girls, 11-12 year-olds) coming from 5 different schools in the areas of 

Thessaloniki and Kilkis. During the previous year of their studies, all pupils had been 

taught the science concepts included in the developed course, as the concepts derived 

from the curriculum of the fifth grade of the Greek Primary school. So, this “course” 

has been “a revision in the courtyard”. The developed activities require everyday 

materials that are not expensive and easy to find and use. The data have been 

collected from September 2012 until April 2013. In the quantitative research, the 

already existing knowledge of the pupils is assessed with a preliminary questionnaire 

while after the implementation pupils answer the same questionnaire. The 

questionnaire includes six multiple choice questions, each one referring to a different 
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science concept, and takes about 15 minutes for pupils to answer it (see questionnaire 

in Appendix 1). Nevertheless, qualitative data have been collected using field notes, 

activity video-recording and interviews. All data went through qualitative content 

analysis using the GNOSIS research model (Piliouras, Siakas & Seroglou, 2011; 

Seroglou & Aduriz-Bravo, 2007). GNOSIS is an acronym for Guidelines for Nature 

Of Science Introduction in Scientific literacy (Figure 1) and the GNOSIS research 

model supports the design, development and evaluation of instructional material and 

science teaching activities keeping a special focus on the nature of science and 

identifying the three complementary dimensions of learning: cognitive, meta-

cognitive and emotional while linking them with three meta-sciences: history of 

science, philosophy of science and sociology of science (Seroglou & Aduriz-Bravo, 

2007).  

 

 

Figure 1. The GNOSIS research Model 

The GNOSIS research model approaches NOS-informed science teaching through 

(Seroglou & Aduriz-Bravo, 2007) : 

 The cognitive dimension, dealing both with science as a set of models that give 

meaning to the world (nature of science contents) and with the broader social 

contexts in which such ideas have come to be (nature of science contexts).  

 The meta-cognitive dimension, focusing on what science is (synthetic nature 

of science as a product), how science changes in history (nature of the 

evolution and methodologies of science), and how science relates to society 

and culture (nature of the interrelations of science and society, in which the 

‘cultural print of science’ can be appreciated). 

 The emotional dimension, which opens the picture to considering attitudes 

(nature of attitudes expressed through science) and values (nature of values 

fostered by science) that are not only fundamental in science as a process, but 

also desirable in the education of scientifically literate citizens. 
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The activities 

Activity 1: An electric circuit. Pupils run around a basketball court in order to 

visualize the way electrons move in an electric circuit and reconstruct the way an 

electric device works (Figure 2). A rope or the court lines stand for the wires, a pupil 

holding the two edges of the rope plays the role of a switch, whereas a cd-player is 

supposed to be the “battery”. When music starts, pupils-electrons (who already exist 

all over the wire) run around the rope, when music stops, they also stop and when 

music gets louder the pupils run faster.  

 

Figure 2. Pupils perform electrons in an electric circuit. 

Activity 2: Velocity. Pupils compete in a speed race measuring velocity. They may not 

know the definition of speed, but they investigate the parameters it depends on. So 

they run 50 meters and they measure their time in order to find out “how soon” they 

can reach that distance. They also run as far as they can for 5 seconds in order to 

investigate velocity’s neglected parameter: “how far” they can reach in a certain time. 

Activity 3: States of matter. Pupils play the role of molecules and dance trying to 

demonstrate what happens when an ice cube melts (Figure 3) . This has become the 

most enjoyable activity as pupils attempt an analogy with the states of matter. In the 

beginning all pupils gather in the center of the basketball court while listening to a 

song. They are close together in fixed positions and move slowly without changing 

places (solid state). As the rhythm goes faster (temperature rises) pupils also move 

faster and distances among them increase (liquid state), while when the rhythm gets 

very fast they run freely to all directions and they collide to each other (gas). In 

reverse when music slows down they “become” liquid and solid again gathering in the 

center of the court.  

   

                        a                                          b                                              c 

Figure 3. States of matter a) solid, b) liquid, c) gas. 
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Activity 4: The structure of an atom. Pupils animate electrons, protons and neutrons 

in an analogy about atoms. The football court offers the ideal background to 

demonstrate Niels Bohr’s model. Pupils get to know and participate in the structure of 

a model and by the same time they are surprised to know that Niels Bohr was a 

football player (a goalkeeper). Some pupils play the role of neutrons or protons in the 

nucleus, whereas the pupils-electrons run around circular orbits following the circular 

lines of the court (Figure 4). 

 

Figure 4. The structure of an atom  

Activity 5: Pressure. Pupils examine the reasons for not sinking in snow when they 

wear snow shoes. We can’t go skiing out in the courtyard but as pupils balance upon a 

board placed on 8 coffee cups, they relate and comment on the interaction of pressure, 

force and contact area (Figure 5). 

 

Figure5. Students in a “snowboard” analogy in the courtyard. 

Activity 6: Waves. Pupils perform the “hola -wave” to see and discuss either mass or 

energy are transmitted by a wave (Figure 6). Soccer funs usually perform the “hola 

wave” to express their enthusiasm. In this activity, pupils stand one behind the other 

and imitate a “hola wave” (either by jumping or by falling back one after the other 

without changing places) in order to find the answer to the question: “What is 

transmitted by a wave? Mass or energy?”  

 

Figure 6. The “hola wave” 
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RESULTS 

Questionnaire analysis originally revealed a significant improvement in pupils 

understanding of the main science concepts involved in the activities. In Table 1 & 

Figure 7 a qualitative and quantitative demonstration of pupils answers is presented: 

Table1 

Results from the analysis of the questionnaires 

activity before the activity after the activity percentages 

of correct 

answers 

before/after  

electric 

circuit 

1 

electrons come from 

the battery and when 

electrons run out, the 

battery ends 

electrons already exist in the 

wires and that their quantity 

remains the same. 
 

velocity 

2 

velocity mostly 

depends on time 

velocity depends on the ratio of 

distance and time 

 

states of 

matter 

3 

that molecules 

become bigger as 

solid is transformed to 

liquid, and that their 

quantity is increased 

that the distance between 

molecules increases while their 

number, their  mass and their 

shape doesn’t change 

 

 

structure 

of the 

atom 

4 

the atom is something 

very dense  

 the space between the nucleus 

and the electrons is empty, 

whereas the number of electrons 

is equal to the number of protons 

 

 

pressure 

5 

heavier people sink in 

snow 

pressure depends both on weight 

and surface contact area 

 

 

waves 

6 

the wave transfers 

mass 

what is really transferred is 

energy 
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Figure 7. Correct answers in overall results  

Results of the study indicated that the developed activities introduce pupils to the 

nature of science, modify their perceived image about science while help them 

approach science in a qualitative, creative, comprehensible, practical, effective and 

pleasant way. For example, the first activity seems to have helped pupils perceive a 

new different image of electrons and their actual movement in the electric circuit, 

while the 3rd activity introduces pupils to the principles concerning the preservation 

of matter (molecules don’t increase in number, mass or shape). Difficult abstract 

concepts gain meaning and form as they become animated during the activities. 

The video-recorded activities together with the interviews have also been analyzed 

using the GNOSIS research model and gave the overall results presented in Figures 8 

& 9. As the results show, although pupils participated in outdoor activities that 

combined science and sports the percentages of the cognitive information being 

elaborated during the activities are high: 51,7% of pupils discussions and actions 

concern the nature of the science content and 71, 9% of pupils discussions and actions 

refer to the nature of the science contexts. At the same time, pupils comment on the 

synthetic nature of science (63,6%), on the nature of the evolution and methodologies 

of science (78%) and on the nature of the interrelations of science and society (26,8%) 

in the meta-cognitive dimension of science learning. Nevertheless, pupils also refer to 

the values and attitudes fostered by science concerning the emotional dimension of 

science learning.  

 

Figure 8. GNOSIS overall results  
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Figure 9. Percentages of pupils’ discussions and action in 3D - learning dimensions 

For the pupils this easy understandable science experience has been a pleasant 

surprise as the following comments of them reveal: “I could feel what was happening 

in the molecules, it was very clear and this lesson was awesome”, Nikos, a 12-year-

old boy in a school in Kilkis, supported after the 3
rd

 activity. “We did not play 

games… Well, we were playing but we were learning too”, Maria, a 12-year-old girl 

in the same school , said after the end of the activities. 

 

CONCLUSION 

Using science and sports activities, social and cognitive disparity becomes acceptable 

and respectable whereas all pupils are given equal chances to participate and learn. 

This teaching method constitutes an alternative approach to learning based on pupils’ 

sports related interests and activities. There is an effort to bring forward science 

concepts in the context of sports activities re-designed in order to support and 

encourage science learning. Sports activities indicate an active and constructive 

process during which the pupils try to control and regulate their knowledge, their 

motives and their behavior guided by their targets and the structural elements of their 

environment. This method has resulted in a creative interaction among the participants 

and has promoted the active involvement of a variety of the individual’s mental skills 

such as observing, reasoning and interpreting. Pupils are asked to “feel” and 

understand as they learn to appreciate sensory information and its interaction with a 

variety of science concepts introduced in the context of group work in the courtyard 

that has both creative and recreational characteristics. In simple words, pupils learn, 

play and have fun. Pupils have the chance to compete with each other, discuss and ask 

questions and interpret their favorite sport using science concepts and theories. 

According to their teachers pupils with limited participation in the traditional 

classroom science courses or in science labs, showed increased interest and 

participation in the six developed activities. All pupils have been actively involved in 

the activities and the discussions that followed as knowledge becomes meaningful to 

them. We managed to shift from abstract science concepts and laws to active 

visualization of science concepts and phenomena in the context of science and sports 

activities that reveal the image and nature of science aiming to scientific literacy. 

Research results confirm that the applied teaching approach has increased pupils 

understanding of science concepts, their interest in participating in science activities, 

and their appreciation of the nature of science, while pupils themselves characterize 

the course as “interesting, amusing and fruitful”. 
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Appendix 1:  Questionnaire 

Circle the correct answer (or answers) in each of the following questions: 

Question 1. Where are the electrons in the electric circuit of the picture?  

a. They come from the battery. 

b. They are always in the wires, the battery just 

  makes them move. 

c. When the lamps are on, electrons decrease until

  they finish some time so the battery is dead and

  the lamps are off. 

d. The number of electrons is the same before the

  lamps are turned on, while they are on and after

  they are off. 

e. If I unplug the wire from one lamp, the electrons 

    return to the source. 

Question 2. George and Bill run in the courtyard. Who has the greatest speed?  

a. The one who runs the shortest distance in one minute. 

b. The one who runs round the courtyard in the least time. 

 

 

Question 3. When an ice cube melts, its molecules 

a. Change dimensions ( expand- contract ) 

b. Change the distance between them (they come closer or move

  further away ) 

c. They become more 

 

 

Question 4. If you could see in an atom, you would notice that  

a. The place in between the nucleus and the electrons is empty.  

b. The protons in the nucleus are more than the electrons. 

c. The electrons move constantly 

 

Question 5. Anne, Kostas, Mary and Marc walk in the snow. Which kid sinks in the 

snow the least? 

a. The kid who has the biggest weight.  

b. The kid who has the least weight and wears  the 

 biggest size shoes. 

c. The kid that wears the smallest size shoes. 

 

 

 

Question 6. In a wave in the sea 

Help!!!! 
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a. The molecules of sea water move along with the waves.  

b. The molecules of sea water carry energy but they themselves do not change 

places among one another.  
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Abstract: The purpose of this study was to determine, where students gather information 

about the environmental problems and how students participate in activities of the different 

Eco projects in Slovenia. The level of the Slovenian students' concern about environmental 

problems was determined.  It was also described which problems seem the most important 

globally for 12-year-olds and what are their attitudes towards the environment. 589 7
th

-grade 

elementary school (aged 12) students participated in the study. Data were collected using a 

questionnaire which referred to current environmental problems and students relationship to 

the environment. The results show that students obtain most of the information about the 

environment in the school and the least from discussion with friends. Only ¼ of the students 

participate in the activities of the Eco projects. Students are the most concerned about the 

droughts and floods and the least concerned about acid rain. According to students, our 

planets biggest problem is the pollution of water and sea, while acid rain does not present a 

big problem to the 12-year-olds. Students showed positive attitudes towards the environment, 

as they always close the water while brushing their teeth and separate waste while they rarely 

discuss about environmental issues with others. From the results we can conclude that 

students have a fairly positive attitude towards the environment, which is undoubtedly the 

result of formal elementary school courses, but according to the findings students do not 

understand serious environmental problems and they are somehow stuck in the e.g. acid rain 

problem that does not poses a great danger anymore, but in the traditional science curriculums 

in Slovenia is still strongly present. Informal environmental organizations which, through 

their activities try to contribute to the environmentally competent young people have 

according to the conclusions in this research low impact on the 12-year-olds.  

Key words: environmental problems, environmental competencies, attitudes towards 

environment, 12-year-old students. 

 

BACKGROUND AND FRAMEWORK  

Attitude is a mental state of readiness that influences the individuals’ response to everything it 

is related to (Allport, 1935). Schultz and Zelezny (2000) say that the attitude of concern for 

the environment originates from individual’s concept of self and from the degree of 

perceiving himself as a fundamental part of natural environment. Behaviour is what people 

do, if it is environmentally appropriate or not (Hernandez & Monroe, 2000). Behaviour is 

generally supported by the knowledge and attitude, but the direct connection from knowledge 

to attitude and on to the behaviour does not always exist (Monroe, Day, & Grieser, 2000). It is 

necessary to start developing positive attitudes and values towards the environment in early 

childhood, because the patterns of behaviour in later years only strengthen and develop 

further. This results in a positively oriented environmental behaviour of the individual and 

society, which leads to a sense of responsibility and care for the environment while at the 
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same time these behavioural patterns are transmitted to subsequent generations. The central 

challenge of environmental education is how to encourage children and develop their sense of 

relationship to the environment, which in adulthood leads to positive environmental 

management (Littledyke, 2008). Therefore, understanding of the environment is associated 

with love and respect for nature with a sense for living creatures, which can lead to motivation 

for action and the sense of responsibility and concern for the protection of the environment 

(Gilligan 1982, Noddings 1984; Juujarvi 2006). The emotional area of the curriculum was 

recognized as an important aspect of learning (Gardner 1983, 1993; Goleman, 1996; Morgan 

1997; Kelly 2004; Lee 2005, Cree 2006), as numerous studies on the emotional domain in 

science education were conducted in this area, especially regarding attitudes towards science 

and their impact on learning (Crawley and Koballa 1994; Simpson et al., 1994; Stone and 

Glascott 1997; Kupermintz 1997; Laforgia, 1988; André et al., 1999; Francis and Greer, 1999; 

Thompson and Mintzes 1999 , Alsop and Watts, 2000; Southerland et al., 2000; Abell 2005, 

Waters-Adams, 2006). Emotional domain is important in environmental education, because it 

promotes a positive attitude towards the environment (Iozzi 1989a, b; Caro et al. 1994). A few 

studies have been made, where they studied the link between science, environmental 

education and the promotion of positive attitudes towards the environment (Yount and Horton 

1992; Gurevitz 2002). It is well known that individuals, who are well educated and develop 

concerned environment view, also behave responsibly regarding the environment (Mobley, 

Vagias, & DeWard, 2010). Many researchers agree that knowledge in itself will not motivate 

individuals to adopt a new behaviour (Schultz, 2002; Stern, 2000) and it is clear that the lack 

of knowledge may present a barrier for behavioural changes (Schultz, 2002; DeYoung, 2000). 

However, knowledge is not the only thing that affects the environmentally aware individuals 

but there is also a combination of awareness, attitudes, values and social, cultural and 

psychological factors. A certain part of attitudes and values certainly does begin to develop in 

school and as Marentič-Požarnik says (2009): "Development of attitudes, values and beliefs 

that support sustainable development, is one of the important goals of environmental 

education and education for sustainable development.« The problem, which occurs in the 

early years of primary education, is definitely too extensive frontal teaching that only expands 

in higher grades. It is well known that students learn the material by heart, without deeper 

understanding and connecting concepts with each other. It is also important to emphasise that 

some curricula are overwhelmed with the definitions and information that students need to 

know but its understanding is often neglected (Lane, & Wilke, 1994; deBettencourt, & 

McCrea, 2000). Azizan (2008) says that pupils have a good awareness of environmental 

issues, but in practice their attitude and behaviour has not changed yet. These results of the 

study were also supported by Wahid et al (2004), who state that the awareness of the society 

about environmental issues and awareness of the need to preserve the environment has 

increased, but the level of activity involved in environmental protection is still at a low level. 

The main goal of environmental education is to gain awareness of individuals and establish a 

conscious interaction with the environment which influences the development of a critical 

perspective and let the future generations enjoy a healthy and clean environment (Doğan, 

1997). Palmer (1998) points out that pupils should acquire appropriate level of knowledge and 

understanding of the concepts related to the environment in order to achieve a critical 

judgement. In addition it would be necessary that the experiences and thinking would be 

focused on environmentally focused knowledge and lead to the appropriate development of 

attitude and awareness towards the environment. These three components, attitude, 

knowledge and awareness, play an important role for students regarding the impact on the 

time they spend inside and outside of the classroom. According to the North American 

Association of Environmental Educators (NAAEE) the level of awareness is an important 

goal of environmental education from kindergarten to third grade, the level of knowledge is 
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an important goal in the third through ninth grade and the degree of relationship is important 

throughout the entire educational career. Knowledge, caring attitude and practical competence 

are the basis for ecological literacy (Orr, 1990). If individual acknowledges the existence of 

environmental problem, it means that he is aware of the state of the environment and in this 

degree of environmental awareness he is bound to solve the environmental problems 

(Madsen, 1996). 

Rationale and Purpose 

It often happens that the most important issues, such as environmental problems, are relegated 

to the background because there is simply not enough time for interpretation. The analysis of 

the Slovenian science curricula in the 6
th

 and 7
th

 grade showed that out of the four science 

thematic set only one directly refers to the environmental problems. 6
th

 grade students learn 

about the importance of efficient use of natural resources, raw materials and waste 

management, but 7
th

 graders learn how humans can change the ecosystems and what the 

consequences of such activities are. 

Four basic research questions were set based on the literature and curriculum analysis: 

(1) Where and how 12-year-old students gather information about the environment and its 

protection in Slovenian context? 

(2) How many and how 12-year-old students participate in activities of the Eco school project 

or other Eco projects in Slovenia? 

(3) How 12-year-old students perceive environmental problems locally and globally? 

(4) What is the 12-year-old students’ attitude towards the environment and environmental 

problems? 

 

METHOD 

589 7
th

 grade elementary school students participated in the study. Girls presented 50.3 % of 

the sample and boys presented 49.7 %. The students’ age was 12 years. Students were 

randomly selected. At science course in 6
th

 grade 218 students (37 %) achieved excellent 

grades (5), 164 students (27.8 %) achieved very good grades (4), 120 students (20.4 %) good 

grades (3) and 62 students (10.5%) sufficient grades (2). 24 students (4,1 %) did not reveal 

their achievements.  

Data were collected through quantitative data collection techniques using a questionnaire. The 

questionnaire included 11 closed-ended questions, 2 open-ended questions and 5 items where 

students expressed their attitude, agreement and concern about the environment and 

environmental problems on five point Likert scale. The questionnaire also included basic 

demographic items. Questionnaires’ measuring characteristics were satisfactory (i.e. 

objectivity provided in terms of performance of the study and evaluation of responses; 

validity -items comprise topics relevant for the study and students’ prior education; and 

reliability - Chronbach alpha was 0.916).  

The study used the descriptive method of educational research. Students needed an average of 

10 minutes to complete the questionnaire. The questionnaire was anonymous and the data will 

be used solely for research purposes. The data were statistically analyzed using the SPSS 

program. 
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RESULTS 

Only 28.1% of students participate in the Eco school projects or other projects, which is not 

very commendable (Table 1). The reasons why they are not actively involved in these projects 

could be sought in school, because the school might not give the incentive for such activities 

or in a family where they do not pay enough attention to the protection of the environment. 

 

Table 1 

Participation in Eco School Project or Other Projects    

Answer Percent (%) 

Participate in Eco school project or other projects 28.1 

Do not participate in Eco school project or other projects 71.9 

 

Students obtain most information about environment and its protection in school (almost 

55%), which is very commendable, as it can be concluded, that students discuss this topic in 

the school (Table 2). The fact that they obtain only 12% of the information from their family 

is a bit worrying, as it shows that either the family is not environmentally oriented or that the 

parents do not have enough knowledge to educate their children about environment and its 

protection. 

 

Table 2  

Obtaining Information About the Environment and Its protection 

Answer Percent (%) 

School 53.8 

Television 39.7 

Internet 37.0 

Newspapers, magazines, books 34.6 

Family 11.9 

Friends 6.3 

 

Students are concerned or very concerned about droughts and floods (62.3%), the 

deforestation (62%) and water pollution (61.2%) (Table 3). It is important to emphasise, that 

students are the least concerned about the greenhouse effect (38.8%) and acid rain (37.5%). 

There are no statistically important differences in the level of the concern between those 

students that obtain information in school and those who do not. 

 

 

 

 

Strand 9 Environmental, health and outdoor science education

1530



Table 3 

Students’ Concern About Environmental Problems and the Difference Between Students That 

Obtain Information in School and Those Who Do Not 

Environmental problems 

Concerned and 

very concerned 

students (%) 

Information 

obtained in 

school N M SD F Sig. 

Droughts and floods 62.3 
No 271 2.38 1.393 

0.784 0.223 
Yes 313 2.24 1.373 

Deforestation 62 
No 271 2.44 1.533 

9.454 0.125 
Yes 313 2.25 1.383 

Water pollution 61.2 
No 272 2.39 1.383 

0.048 0.463 
Yes 312 2.3 1.398 

Pesticides in food 59.4 
No 268 2.43 1.409 

0.175 0.558 
Yes 310 2.36 1.389 

Nuclear power plants, nuclear 

waste 
56 

No 270 2.42 1.406 
0.3 0.852 

Yes 311 2.44 1.362 

Air pollution 54.2 
No 270 2.51 1.261 

0.439 0.789 
Yes 314 2.49 1.218 

Genetically modified food 52.9 
No 271 2.54 1.382 

0.76 0.986 
Yes 313 2.54 1.325 

Dietary supplements such as 

dyes, preservatives...  
51.8 

No 269 2.64 1.393 
0.252 0.866 

Yes 313 2.65 1.357 

Greenhouse effect 38.8 
No 265 2.82 1.207 

5.379 0.884 
Yes 308 2.81 1.097 

Acid rain 37.5 
No 265 2.85 1.187 

3.704 0.641 
Yes 313 2.81 1.079 

 

According to the students’ opinion water and sea pollution (68.3%) and deforestation (64.3%) 

are our planets’ biggest problems. The greenhouse effect (43.8%) and acid raid (43.3%) 

present less of a problem for our planet by the students’ opinion (Table 4). There are no 

statistically important differences in students' opinion about the global magnitude of the 

problem between students that obtain information in school and those who do not. 
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Table 4 

Students’ Opinion About Earths Biggest Environmental Problem and the Difference Between 

Students That Obtain Information in School and Those Who Do Not 

Environmental 

problems 

Students' opinion 

about the global 

magnitude of the 

problem (%) 

Information 

obtained in 

school N M SD F Sig. 

Water and sea 

pollution 
68.3 

No 269 2.22 1.379 
1.896 0.556 

Yes 313 2.15 1.298 

Deforestation 64.3 
No 268 2.29 1.382 

2.229 0.495 
Yes 312 2.22 1.324 

Ozone depletion 63.8 
No 264 2.25 1.395 

2.619 0.496 
Yes 312 2.18 1.329 

Pesticides and other 

chemicals in food 
61.2 

No 265 2.35 1.314 
3.046 0.581 

Yes 311 2.29 1.194 

Management of 

radioactive waste 
59.8 

No 264 2.36 1.338 
0.882 0.395 

Yes 309 2.26 1.299 

Greenhouse effect 43.8 
No 260 2.72 1.182 

0.246 0.219 
Yes 305 2.6 1.188 

Acid rain 43.3 
No 264 2.75 1.135 

0.191 0.417 
Yes 314 2.68 1.094 

 

Students have shown positive attitudes towards the environment, because they always 

conserve the water as they close it while brushing their teeth (76.9%), separate the waste 

(75.9%) and turn off the lights and electronic devices, while they are no longer in use (74.4%) 

(Table 5). Results may be due to the increased ecological awareness because of the science or 

technical days, as there is at least one such day per year and other school activities. Students 

rarely discuss about the environment and environmental problems with others (25.8%) and 

even more rarely first decide what they will take out of the fridge before they open it (19.2%). 

There are no statistically important differences in students' positive attitude towards the 

environment with the exception of the last two items. 
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Table 5 

Students' Attitude Towards the Environment and the Difference Between Students That Obtain 

Information in School and Those Who Do Not 

Statements of positive 

attitude towards the 

environment 

Students' positive 

attitude towards 

the environment 

(%) 

Information 

obtained in 

school N M SD F Sig. 

I'm trying to save water, as I 

always close it while 

brushing my teeth. 

76.9 
No 255 1.63 1.034 

0.244 0.58 
Yes 297 1.68 1.031 

I separate the waste. 75.9 
No 254 1.74 0.946 

0.056 0.836 
Yes 301 1.76 0.947 

I turn off the lights and 

electronic devices that are 

not in use. 

74.4 
No 255 1.84 1.212 

1.378 0.807 
Yes 303 1.81 1.046 

If I can choose between 

showering and bathing, I'd 

rather choose showering. 

52.6 
No 255 3.35 1.419 

1.23 0.474 
Yes 300 3.43 1.366 

I walk, ride with a bicycle or 

use public transport instead 

of my parents driving me 

around with a car. 

51.6 

No 256 2.48 1.255 

0.469 0.602 
Yes 303 2.43 1.221 

I pick up trash lying on the 

floor. 
38.9 

No 260 2.83 1.171 
2.305 0.525 

Yes 305 2.77 1.058 

I consider the negative 

impact of the product on the 

environment before parents 

buy it for me. 

35.8 

No 253 3.03 1.259 

0.045 0.529 
Yes 305 2.96 1.265 

I read articles or watch TV 

shows about environmental 

problems. 

35.5 
No 257 2.91 1.166 

0.124 0.178 
Yes 305 3.04 1.158 

I use paper bags instead of 

plastic ones. 
30 

No 255 2.94 1.239 
1.112 0.927 

Yes 304 2.95 1.192 

I discuss about the 

environment and 

environmental problems with 

others. 

25.8 

No 257 3.11 1.224 

1.107 0.04 
Yes 305 3.33 1.237 

I first decide what I will take 

out of the fridge before I 

open it. 

19.2 
No 257 2.63 1.326 

6.619 0.031 
Yes 303 2.4 1.163 
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DISCUSSION AND IMPLICATIONS 

Environmental education is essentially of cross-curricular nature, the knowledge of science 

has an important role in the development of understanding of the scientific principles 

underlying the environmental issues. Research shows that the attitude towards science is 

becoming worse in later years of schooling (Moheno 1993; Koballa 1995, Hassan and Fisher 

2005), this can be the cause for less students‟ deciding to study science (Holton 1992; 

Swindell et al. 2003). Results show, that most of the students gather information about the 

environment and its protection in school. From the results we can conclude that students have 

a fairly positive attitude towards the environment, which is undoubtedly the result of formal 

elementary school courses, but according to the findings students do not understand serious 

environmental problems and they are somehow stuck in the e.g. acid rain problem that does 

not poses a great danger anymore, but in the traditional science curriculums in Slovenia is still 

strongly present. Results also show that students understand what to do to preserve the 

environment, but they do not connect these actions to actual local and global environmental 

problems. Informal environmental organizations which, through their activities try to 

contribute to the environmentally competent young people have according to the conclusions 

in this research low impact on the 12-year-olds. In general there are no statistically important 

differences between students who obtain information about environment in the school and 

those who do not, with exception of the last two items because they get some information 

outside of the school which are more useful in everyday life. In a critical review of 34 

researches about the environmental education that were published between 1974 and 1993, 

where most were focused on the changes in knowledge, attitude or in some cases both, 

Leeming, Dwyer, Porter and Cobern (1993) established that only 5 of them determined a 

change in behaviour about which the authors expressed a regret, because to preserve the 

quality of the environment a change in behaviour is needed. The results of the studies showed 

that the relationship between knowledge, awareness and attitude towards the environment was 

statistically significant. This shows that there is a connection between elements of knowledge, 

consciousness and views, which are important in changing pupils' behaviour towards the 

environment (Arbaat, Norshariani, Sharifah Intan, 2010). 

For the following researches would be good, if we would be focused on differences in 

environmental attitudes between men and women, because many studies have shown the 

significant differences between them in environmental attitudes (Brown and Harris, 1992; 

Tikka et al. 2000).  
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PERSPECTIVES ON PROMOTING 

ENVIRONMENTAL EDUCATION BY USING SENSES

Vesa-Matti Tauriainen, Eila Jeronen, Matti Lindh  and Marjatta Kaikkonen

University of Oulu, Finland

Abstract: This article provides perspectives on the promoting of environmental education by 

using senses. As underlain by the different environmental education models, the base of 

environmental educational ideas lies on positive attitudes to nature. Thereby it was studied to 

which extent attitudes could be affected by emphasising senses in a lesson held outdoors. 

The study is a qualitative phenomenographic study in which a total of 18 pupils participated 

voluntarily in the research. The empirical data was gathered in April 2012. The conceptions of 

third and fourth graders – children of age 9 and 10 – were studied. They were given outdoor 

education that was mostly based on using senses. Children drew images on how they 

perceived the nearby forest and lake area before and after the outdoor lessons. The data was 

analyzed by using deductive content analysis. Based on the drawings, five children were 

interviewed before and after the outdoor lessons. The outcome was that even a short teaching 

period in nature has a positive effects on the pupils attitudes to nature.

Keywords: primary education, environmental awareness, outdoor activities 

INTRODUCTION

Human beings like every other species depend upon healthy ecosystems for survival. Nature 

provides us essentials like clean water, food, and medicines. Intact but also threatened and 

damaged ecosystems  help regulate our weather and climate. It is a recognised fact that 

contact with nature can play an important role in the educational and social development of 

children; and that early contact with nature plays an important role in developing pro 

environmental values and behaviours. Our research topic, Perspectives on the promoting 

environmental education by using senses, is very current in Finland, because the Finnish 

National Core Curriculum (2004)  for primary and lower secondary schools is about to 

change. The aim of our study was to clarify, to which extent attitudes to nature can be affected 

by having a lesson outdoors based on senses. The research question was presented as “How 

does children’s relation to nature develop in a sense-based nature education?” At first, we will 

describe environmental attitudes and environmental education models used in Finland.  After 

that, before our research description, we will tell both about outdoor education and sense 

education in the Finnish curricula. 

THEORETICAL FRAMEWORK

Environmental educational models

Human beings like every other species depend upon healthy ecosystems for survival. Nature 

provides us essentials like clean water, food, and medicines. Intact ecosystems also help 

regulate our weather and climate. It is also a recognised fact that contact with nature can play 

an important role in the educational and social development of children; and that early contact 

with nature plays an important role in developing proenvironmental values and behaviours. 

Our research topic, Perspectives on the promoting environmental education by using senses, 

is very current in Finland, because the Finnish National Core Curriculum for primary and 
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lower secondary schools are about to change. The aim of this study was to clarify, to which 

extent attitudes to nature can be affected by having a lesson outdoors mostly based on senses. 

Attitudes to nature are divided into human-centred and nature-centred ones. They concern on 

nature, human beings and the right to use nature (Pietarinen, 1987, 42). Attitudes to nature 

affect our behaviour and action concerning nature (Merchant, 1992, 62). Nature education has 

ethical goals because nature has both instrumental and intrinsic values (Vilkka, 1993, 125). 

Instrumental values refer to anthropocentric relationships to nature. It means that we have 

right to use nature for our living. Intrinsic values refer to ecocentric relationships to nature 

which holds a strong sense of respect for nature in its own right (Norton, 1987). 

The use of senses is well argued in the different models of environmental education. The 

environmental behaviour model by Hungerford and Volk looks for citizenship behaviour. 

Assembling of the model is effected by notions of thinking and awareness not automatically 

leading to hoped behaviour. Sense-wise the model includes an entry-level variable called 

environmental sensitivity describing the empathic relationships towards nature. This is 

strongly connected with behaviour. (1990, 9, 11–12.) 

As for Palmer’s tree model the use of senses relates partly to earlier experiences located in the 

roots of the tree (Palmer, 1998, 110, 272). Considering the study subjects to be 10–11-year-

old children, the sense-based outdoor lesson was seen as a basis for later studies. Sense-based 

education is arguable also from the viewpoint that the field introducing education about the 

environment emphasises experience, education in/from the environment emphasises using 

nature throughout education and lastly the field of education for the environment aims to 

mould a personal nature attitude (Palmer, 1998, 137–144).

Onion model by Käpylä presents a sociological approach to environmental education. 

Käpylä’s idea is to bring children up to active citizens who can and will act for the good of 

nature. The core of the onion highlights the significance of feelings, senses and human 

experience (Käpylä, 1995, 31–36). 

The house model by Jeronen and Kaikkonen is an aid for teachers for organizing 

environmental education and to see the different aspects included. It is based on the idea that 

behaviour flows from experience, on which learning is based. This is why it is important to 

develop environmental sensitivity as a child before progressing towards adulthood and the 

knowledge that acting responsibly requires (Jeronen & Kaikkonen, 2001). 

Outdoor education 

A number of public perceptions and specialist reports that suggest that children are 

increasingly separated from the natural environment, that they have little opportunity to learn 

to deal with risks in modern society, and that they exercise physically less than they should 

(Nicol et al., 2010). Nature is important to children’s development in every major way – 

intellectually, emotionally, socially, spiritually, and physically (Kellert, 2005). There is a 

growing awareness that many aspects of young people’s education could be addressed by 

enhanced outdoor experience  (Nicol et al., 2010).  The phenomena and the atmospheres of 

nature send out the invitation to penetrate deeper into them and to get involved in them 

(Kellert, 2005).  

An empathic relation to nature (Palmberg & Kuru, 1998), nature sensitivity (Nykänen & 

Kinnunen, 1992), environmental awareness, attitudes, and conceptions can be fostered by 

repeated nature experiences (Gilbertson, 1990) and long-term nature education (Palmberg, 

1989).  Pupils’ knowledge can be built up by concrete experiences, interests, emotions, and 
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values through outdoor education (Bogner, 1998). Students who have had a meaningful 

experience in nature are more likely to prefer spending time outdoors, express concern about 

environmental issues, consider themselves strong environmentalists, and express interest in 

studying the environment or pursuing an environmental career (The Nature Conservancy, 

2011). 

Advantages with outdoor education are its deductiveness (Dahlgren & Szczepanski, 1997) 

and hands-on activities (Kolb, 1999). As outdoor education traditionally focuses on personal 

and social educational issues like the ‘capacity’ to become ‘successful learners’, ‘confident 

individuals’, ‘responsible citizens’ and ‘effective contributors’ (Nicol et al., 2010), there are 

innumerable possibilites of how education through all senses can teach practical everyday 

knowledge (Becker, 2001). Nundy (2001) explains activation of different senses as 

reinforcement between the affective and the cognitive domain where one influences the other 

and provides a bridge to higher learning. First hand experiences and interactive learning 

situations are important in forming of personal opinions, attitudes and values (Balschweid, 

2002). The benefits of outdoor education include improved interpersonal and intrapersonal 

skills; environmental awareness and stewardship ethics; physical, mental, and social health; 

and ability to learn and concentrate (Cottrell & Raadik-Cottrell, 2010). Positive attitudes of 

pupils toward environment have also been found to increase (Mittelsteadt et al.,1999). In the 

childhood adopted, positive nature attitudes can pave the way for good nature behaviour in 

the adulthood. For environmental education and outdoor education, it is important to know 

the conceptions of pupils, because the conceptions have effects on learning and construction 

of new issues. The main purpose of the present study is to clarify, using the drawings and 

interviews of young Finnish pupils done before and after a lesson outdoors, to which extent 

attitudes to nature can be affected. 

Outdoor education and Sense education in the Finnish  National Core 

Curriculum 

In the primary school curriculum, use of senses is highlighted in environmental and natural 

sciences, where senses are used to enliven studying and for the basis of observations and 

studies. Experiential stance is also considered to develop positive relationship with nature in 

itself. Environmental and natural studies embraces sustainable development as one of its 

ground-laying perspectives.  The idea of sustainable development is central also in lower 

secondary school when environmental and natural sciences are broken down into biology and 

geography, where information builds up the appreciation of nature more or less at the expense 

of senses; senses are not namely required as earlier during the grades 1–4 (The Finnish 

National Core Curriculum... , 2004, 170–179). 

The Finnish National core curriculum for basic education (2004, 176) in Biology and 

Geography states that pupils should learn to value and foster biodiversity in nature and to 

understand human beings as a part of nature. The pupils should understand responsibility of 

biodiversity conservation. They should be able to make observations and investigations 

concerning environmental changes in their native land. In the integrative theme named 

environment responsibility, well-being and sustainable future, it has also been stated that 

pupils should engage to work for environmental protection  In addition, the cross-curricular 

theme of "responsibility for the environment, well-being and a sustainable future" introduces 

the named topics in everyday life (The Finnish National Core Curriculum... , 2004, 39–41). 

Also the conception of learning presented in the Finnish New National Core Curriculum 

(2012) sides with outdoors education's idea of experiencing things  but no guidelines have yet 

been set how to teach these topics (Curriculum reform, 2016).
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MATERIAL AND METHODS

Our research topic is current in Finland because the National Core Curricula for primary and 

lower secondary schools are changing at the moment. The new curriculum will be used in 

2016. The findings of this study could be used to promote the need to make nature 

environment more available for pupils. Through the senses, children get nature experiences 

which help them to better understand the meaning of nature. Outdoor education also supports 

environmental knowledge construction. 

This qualitative phenomenographic study (Syrjälä et al.., 1994, 114–125) was carried out in 

April 2012 on four days which span over two weeks. It was constructed of four different 

parts, namely preparing of drawings, interviewing, nature education, second preparing of 

drawings and second interview. 

The first week consisted of two days: first one of introduction, presentation of the study and 

drawing, and the second one of interviewing. 18 pupils of age 9–10 from the Oulu University 

teacher training school participated in the study. Pupils of this age were concidered apt for the 

study by the means that they could already put their thoughts to words but still present 

drawings which might not be accurate in scientific sense, therefore giving away ideas, 

conceptions and approaches. Being a teacher training school pupils had little or no difficulties 

participating in the study. The pupils were asked to prepare a drawing on “The nature of 

Kaijonharju at this time of year”, Kaijonharju being the district with forests nearest the school 

in question. Because of the limited time of 20–25 minutes, only coloured pencils, felt-tip pens 

and crayons were allowed. Excitement varied, so to help the pupils with subject problems, 

areas near Kaijonharju, such as the ones on the other side of the district’s lake were 

introduced; this fitting in well with the nature of the study. Some pupils were allowed to work 

for 30 minutes for them to achieve a satisfying level of work. The drawings were collected for 

an analysis of what kinds of attitudes to nature were depicted. It was studied whether colours 

were used greatly or little; if the drawing was rich or poor in content; if facial expressions 

were depicted; if senses were indicated in any way; or if attitudes to nature were expressed in 

some other way. Three girls and two boys were then picked for the sample. This sample of 

five pupils was a result of their work but also a compromise of presenting both classes and 

genders. With relatively small sample group it was also possible to take in the sixth pupil if 

something came up in the latter part of the study.

On the second day of the first week, pupils were interviewed. The half-structured interview 

had questions made in advance. The pupils were first asked, what was the space described in 

their work. To bring forth meanings behind the subject in question, the pupils were asked why 

they had concentrated on the particular space and what did the space mean to them personally. 

The content was specified and opened by asking, what is described, why the content has been 

chosen and what is shown concerning nature or human. The group interview was started with 

the sample group as a whole. This led to unexpected problems as girls would not tell about 

their drawings at boys’ presence.  This is why the interview group was divided into two 

groups based on the gender. This calmed down the situation. Regardless of the group 

interview nature, the interviewer addressed the pupils separately for depth and rigour. 

Discussion was guided by the aforementioned questions. The first interview lasted for 22 

minutes, with eight minutes with all the five pupils, nine minutes with the three girls and five 

minutes with the two boys. Pupils were interviewed in a book storage room, where there were 

also some stuffed animals. This led to minor disruptions, but pupils’ attention was led back to 

the interview. Interviews were considered concluded, when the pupils couldn’t come up with 

anything new even after questioning. At noon after the interview, the pupils were taken for a 

60-minute outdoor education lesson based on senses near lake Kuivasjärvi. The researcher 

had familiarized himself with the environment beforehand searching for possible education 
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sites. The exercises were designed to support the on-going teaching of spring and its 

manifestations.

The sense-based exercises were first conducted sense by sense until the final section, in which 

pupils used all the senses alternately.  Activities began by forming a sound map and 

describing in words what snow, wind and gravel sound like. Pupils were asked how the snow 

in question differed from snow fitting for snowballs. In this section there were problems in 

directing the pupils to topic compared to other sections. Sight was included in a photography 

play in which students are paired and the other one is a camera, the other one a photographer. 

After taking 'a photograph' – telling the camera to open their eyes for a second by tapping on 

the shoulder – the photographer asks what the camera remembers from the view. Students 

were given palettes, the colours of which students had to refer to when describing nature. 

There was also a form, which had also tasks for other senses. There was not enough time for 

everyone to go through all the tasks. This was not an issue for the study, because the nature of 

the final tasks was repetitive and they were considered differentiating for the quickest. There 

still were activities for smell and taste, and the activities were finished in the classroom. Table 

groups of five were given crushed samples of aspen, birch, spruce, pine and lingonberry in 

sealed plastic bags. Pupils were asked to identify the samples. There was no special task for 

taste, so it was presented as a closing for the study: children were given blueberry and 

lingonberry. Regardless of the berries commonness, all the pupils were not familiar with 

them. They were reminded to think, what Kaijonharju related they would like to draw next 

week.

The following week pupils drew new pictures of the topic “Kaijonharju’s nature this time of 

year”. At the beginning of the class they were reminded of the topic after which their 

experiences, sound maps and invented words were presented. Pupils wanted to draw so 

eagerly that the introduction was decided to keep short. The were reminded of the allowed 

methods of coloured pencils, felt-tip pens and crayons. Because of the short introduction 

drawing time was slightly increased from the first session, approximately 35 minutes. 

Everyone came up with a topic quickly. Nothing radical came up in the drawings, so the 

sample was kept the same. The following day – the fourth day of the second week, the final 

day of the study – the sample group was interviewed again, the boys separately from the girls, 

until they had nothing to add. The interview pattern and space were the same, although they 

were also asked to describe the similarities and differences in their drawings from different 

sessions. Interviewing the two boys took 12 minutes and the three girls 24 minutes.

Drawings can be interpreted based on relative sizes and colours of depicted subjects. It is 

considered that the relative sizes can describe the pleasantness or unpleasantness of the 

subject (Picard & Lebaz, 2010, 187). Colours can also reflect person’s relation to subject 

(Crawford, Gross, Patterson, & Hayne, 2012, 205, 209–210). Ideas concerning sizes and 

colours have been studied under rather clinical circumstances in earlier studies, which is why 

such results should not be taken for granted remark. The children of this age aim for realism 

(Crawford et al., 2012, 201). The sampled pupils in our study also used colours relatively 

realistically, and therefore the pleasantness of the subjects could not be interpreted. For these 

reasons,we used the drawings as grounds for interview rather than material in itself, although 

some conclusions have been drawn from the contents of the figures, too. Interviews show an 

active relation towards nature meaning what can be done in and to nature (Aho, 1987, 193), 

though no people were drawn.
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RESULTS

Boys’ drawings emphasize built environment. This feature is highlighted in Antti’s works so, 

that only the first drawing includes sun and water (Figure 1, left). Colours have been used 

only a little and snow is mixed with undrawn part. He was reluctant to tell about his drawings 

in the interviews, which seemed partly stem from being uninterested in the, but also from 

underestimating his own drawing skills: “I don’t know, I couldn’t come up with anything 

else.” During the first interview he was interested in a pizzeria shown in Panu’s work (Figure 

2, left), which might have partly governed the contents of the latter drawing (Figure 1, right).

Figure 1. The drawings of Antti on the topic “Kaijonharju’s nature this time of year” before 

and after nature trips.

Latter work has no nature content, only built environment. There is a path drawn on the 

horizontal centre of the paper. This is later defined to be a cycleway. Antti could not present 

any reasons for either of his works: “It’s all I came up with. I just made it such.” [On how 

nature is shown in the drawing.] “I don’t...it’s not shown at all.” He was not really interested 

in the educational part in itself, although he was excited about having lingonberries for the 

first time.

Panu has drawn first the centre of Kaijonharju presenting trees and Sun in the background, 

stores and pizzeria in front of them  and foremost the parking lot (Figure 2, left). 

Figure 2. The drawings of Panu on the topic “Kaijonharju’s nature this time of year” before 

and after nature trips.
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It is interesting, how he arguments drawing the district centre with material produced from 

nature being used in the buildings: “Well, there’s the Sun, and some sky, too, and, well, right 

here, they’ve used all kinds of material from nature.” Also the undrawn, white front stands for 

unbuilt, empty area: “Well, like, nature, what it’s been like, when, well, nothing’s been built 

yet.” Cars he left undrawn, “because the produce exhaust fumes”. His latter piece of work 

emphasizes nature although it depicts a beach, worked environment (Figure 2, right). There is 

still snow on the beach and ice in the water. Panu did not want to draw animals in his pieces 

of work, because he felt he was not good enough. He told his latter drawing that “well, I 

wanted something, that didn’t show any stores or such”, “well, I wanted, thought, that now I 

could draw, like, Kuivasranta for a change” and “a place where people spend time in the 

summer”.

Girls’ drawings have animals instead except Eeva’s first piece of work, in which she had not 

enough time animals (Figure 3, left). The drawing is unique in that has no built environment 

at all. Eeva did remark that trees have been planted. The view is near her home, and she’s 

been there with her mother. She’s been there also to celebrate New Year. “It’s a nice place.” 

“It has a nice view.” “I’ve walked dogs there.” “I’ve been here many times here always, for 

example shooting rockets with mom.” In her other drawing she depicts a view from 

Hirvaskoski (Figure 3, right). A flock of swans was a sight so impressive, that she wanted to 

draw it: “Because I always like to draw all kinds of places, for example if I see something [...] 

that I don’t see so often, so I draw them.” Bridge is the road the observation was made from.

Figure 3. The drawings of Eeva on the topic “Kaijonharju’s nature this time of year” before 

and after nature trips.

Maria drew a picture, in which she combined imaginary elements with elements she has seen 

in Kaijonharju (Figure 4, left): “Well I drew here two spruces and then a birch, then one bear, 

one squirrel, one bunny and then a sort of a bridge over a river.” [Where Kaijonharju can be 

seen in the picture] “Everywhere else besides that and that. But there’s never been any bears.” 

Animals in this drawing are the only ones in the sample with facial expressions: all the 

animals smile. In addition bear has growling drawn in its speech bubble. 

Latter piece of Maria's work seems the emphasize built environment, but it was revealed in 

the interview that the planted trees near the school had a great meaning and that there are 

more trees than what have been drawn (Figure 4, right). When going through the details  it 

was also said that “I put it [car] there for an example of, that, if we’re to like drive cars, it then 

will pollute nature.” At the end of the interview Maria reserved a turn for her declaration: 

“Right, I’ll tell you now, what is right for nature.”
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Figure 4. The drawings of Maria on the topic “Kaijonharju’s nature this time of year” before 

and after nature trips.

Veera's drawings were connected to her experiences on her way to school (Figure 5, left). "I 

drew here that, from Kuivasranta a kind of bridge, and, like, I thought it looked kind of fine 

and then there was that river and it was a little frozen." "I didn't want to draw the spray paint 

it had." She didn't like the limits being set to include Kaijonharju alone, but unlike Eeva she 

could not come up with any alternatives. 

Figure 5. The drawings of Veera on the topic “Kaijonharju’s nature this time of year” before 

and after nature trips. 

The cigarettes in the latter drawing (Figure 5, right) and a question of attitudes to nature 

inspire Veera in Maria's fashion to tell, how nature should be protected and treated: 

"Highschoolers are killing it, because they smoke, drop it on the ground, litter, every day 

there's more trash." "[...] then the nature is ruined and we won't have nature anymore […]". 

Veera expressed her wish to draw a picture of the World after 20 years, as polluting and 

littering continue. In the last, independent part of the outdoor education lesson she headed 

deeper into the forest with her pair, away from the others, to  finish the tasks in peace.
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DISCUSSION

Antti seemed very reluctant in both interviews. He was enthusiastic about the task at first, but 

already at the beginning of the first interview he was bored. His works were very reduced in 

content-wise and aesthetically, which could also be his way of expressing things. It could also 

mean that he found the task boring, but as other pupils had concentrated deeply, his attitude 

towards nature has been taken for uninterested and indifferent. Panu focused on telling about 

the Kaijonharju mall and its surroundings. He spoke about nature's material as building 

material and referenced the white part of his paper as unbuilt area. During the second 

interview he justified his shift of subject by saying that he did not want to draw "any stores or 

such". Although beach is environment moulded by human, the direction seemed to be away 

from built environment and controlling the environment. His relationship to nature in his first 

piece of work seemed to be guided by thought of nature as a resource. Eeva argumented her 

first scene by word, that point to experiencing nature aesthetically and recreationally. She told 

in her second interview that she draws places in which she sees something unique or rare; this 

could be interpreted applying to the first picture as well. Therefore both the pictures are 

meaningful and of familiar places. Her validation contrasts starkly the one of boys. Maria 

clearly expressed her interest in nature. She listed gladly the different nature subjects and 

justified, why she had presented imagery concerning human. During the second interview she 

brought up more a protecting point of view as she pointed out about using cars and nature's 

rights. Maria had her justifications in nature. Veera's view also shifted from aesthetics to more 

a caretaking direction between the two interviews. Judging by her words the grounds for 

protecting nature is firstly because of human:"then we wouldn't have nature anymore". 

In our studies, two different main nature attitudes were found. Nature can thus be viewed as if 

it exists only for human ends, which means anything from constructing material to 

recreational use or even protecting the nature for human themselves.  Nature can also be 

viewed as human's equal; this point of view was only brought up by Maria. She did not base 

her views on human as she considered that nature has a right to remain unpolluted. By this she 

still does not state that nature would come before human. Stating by the given excerpts the 

nature attitudes of neither Antti or Eeva did change. On the other hand Panu's, Maria's and 

Veera's conception seemed to shift into a somewhat more nature-centered direction. The 

changes were, however, very small. Teacher of the studied class pointed out, that the class has 

dealt a great deal with nature topics; this could be seen as easily recognizable trees, for 

example. Compared with nature topics the ones dealing with human might have been easier to 

draw ("I really didn't feel like covering the area with trees", "I can't draw animals very well"), 

which might explain the emphasis of topics.

Judging by the facts above the nature trail might have a positive effect on pupils' nature 

attitude. Three out of five had began expressed change in their attitudes with emphasizing or 

protecting views, but two out of five did not. It should also be noted that Eeva's first work 

(Figure 3, on the left) was the only one completely dealing with nature, meaning her attitude 

changed to a less nature-centred one. The protective angle presented by girls has both the 

human-centred aspect ("then the nature is ruined and we won't have nature anymore") and the 

nature-centred aspect ("I’ll tell you now, what is right for nature”) (Norton, 1987, 99–100; 

Pietarinen, 1987, 53–55; 1992, 39–40). Nature is also referenced as a living organism 

("Highschoolers are killing it”), which can be considered having shades of nature-centrism, 

mystism and Earth education. Boys, on the other hand, present utilistic ideas in Panu's 

technology-centred attitude and in Antti's inertness for unbuilt nature. In their case 

egocentrism is not concidered, however, as they do not promote individual's rights. Antti's 

inertness may reflect lack of environmental sensitivity that Hungerford and Volk (1990), 

Käpylä (1995) as well as Jeronen and Kaikkonen (2001) write about. Insufficient 

environmental sensitivity is considered on the basis of simple imagery, which in addition 
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expresses built environment. In Panu's case it is more about ownership variables presented by 

Hungerford and Volk (op. cit.), education for the environment presented by Palmer  (1998) or 

nature awareness and knowledge presented by Jeronen and Kaikkonen (2001). In other words 

Panu is capable of observing the environment, but he is not committed to work on its behalf. 

Girls instead have taken a step further from the perspective of given models:  they have the 

will and the reasons to work for the environment.

In a study focusing on children's concepts of human and plants carried out by Laaksoharju 

and Rappe (2010, 692–693), it was concluded that the children brought up near nature 

recognized trees better and drew people in their drawings of nature more often than their city 

counterparts. Of main interest is that in the study in question, too, boys considered themselves 

independent of plants more often that girls specially in the city, whereas girls were more 

interested in plants themselves.   In the study described in this paper most topics include built 

environment and none describe nature as such. Every pupil has included cultural environment 

which means landscape moulded by human for their end (Sepänmaa, 1987, 169). Closest to a 

purely nature-centred work came Eeva with her first drawing (Figure 3, on the left). In the 

interview, however, she told she knew that human had intervened with the landscape.

Senses could be used more analytically in environmental and natural studies as they introduce 

the empirical grip peculiar to natural sciences. Observations themselves in nature require one 

to be calm and use senses (Poijärvi, 1989, 16–17).  Such ideas have been taken notice in 

Teacher training school of the University of Oulu, which is because teaching of environmental 

and natural science is based on the house model of Jeronen and Kaikkonen (Oulun 

normaalikoulu, 2012). The Finnish National Core Curriculum (2004, 170, 172 ) regards 

senses as mainly a way to acquire information, not as much as a way to improve nature 

attitude. Experience is also needed in forming a positive nature attitude, which could mean 

senses. Emphasizing the role of the senses could be of use in promoting the cross-curricular 

theme of Responsibility for the  environment, well-being, and a sustainable future.

CONCLUSIONS AND IMPLICATIONS

Environmental education and outdoor education are no longer seen as being just about field 

studies or adventures, or as the remit solely of geography or biology teachers. The possible 

locations of environmental education and outdoor learning include schools’ grounds, urban 

spaces, farms, parks, gardens, woodlands, coasts, outdoor centres, wilderness areas, etc. In 

this context, environmental education and outdoor education have to be a teaching approach 

for all teachers as a way of enhancing and integrating a wide range of topics and activities 

across the whole curriculum, thereby potentially connecting learners with their environment, 

their community, their society and themselves. (Nicol et al., 2010.) 

Pupils could more than nowadays participate in the curriculum development process. They are 

very articulate about how they value a range of outdoor learning experiences. However, pupils 

appear confused about the concept of sustainability and their relationship with the nature 

(Nicol et al., 2010). Therefore, when developing curricula, it would be good to give more 

guidelines on how take environmental education and outdoor education into account during 

school days. Important questions to be solved in this meaning are: What are the most 

important goals, and how evaluation should be done for supporting the set environmental 

goals? How should value and knowledge education to be included and to be carried out in 

different subjects? What are the approaches and educational methods that are suitable and 

interesting for pupils? And how long and how many times should a pupil study in nature to 

reflect on and maybe to change his or her environmental attitudes and behaviour? In addition, 

important is to develop a support structure and resources to help teachers overcome the 
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barriers that prevent them going outdoors.
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A MULTI-DISCIPLINARY APPROACH TO CLIMATE 
CHANGE  

Giulia Tasquier¹ 
¹ Department of Physics and Chemistry, University of Palermo, Italy 
 

Abstract: The scientific community has been debating climate change for at least twenty 
years. The EU has recommended a set of innovative reforms to science teaching, 
incorporating environmental issues in the scientific curriculum, answering the need for 
making school a place of civic education. The general problem posed in this paper is how to 
engage students in Climate Change. From the literature we know that some emotional and 
conceptual barriers prevent people and students to “feel” engaged in Climate Change issue. In 
our study we made the conjecture that behind the conceptual and emotional barriers there is 
poor epistemological knowledge. More specifically we conjectured that greater awareness 
about models and modelling in science could enable students to change their attitude toward 
Climate Change. According to the conjecture, we designed teaching materials where a special 
emphasis was put on the epistemological fil rouge about “models and the game of modelling”. 
The materials were implemented in a class of secondary school students (grade 11; 16-17 
years old). The whole teaching experience lasted 15 hours and it was articulated into 5 
lessons. The purpose of the study reported in this paper is to investigate the students’ 
reactions to the epistemological dimension of the materials and to explore if and how the 
material enabled them to develop their epistemological knowledge.  

 

Keywords: Science Education; Climate Change; Secondary-school students; Epistemology; 
Models and modelling in physics. 

  

BACKGROUND AND PURPOSE OF THE STUDY 

The complexity related to environmental issues and to the rapid climate change occurred in 
the last decades is one focus of attention of the EU cultural politics. Emblematically, it is at 
the heart of a fundamental Societal Challenge of Horizon 2020 (Horizon 2020, 5.1.2).  

In the last 10 years the EU has being recommending a set of innovative reforms to science 
teaching, incorporating environmental issues in the scientific curriculum, answering the need 
for making school a place of civic education. As Osborne and Dillon claim, there is little 
emphasis, within the science curriculum on discussion or analysis of environmental issues 
(Osborne & Dillon 2008). 

The difficulty in engaging citizens – and students – in Climate Change issue is something 
pointed out from research in several fields (Tasquier et al. 2013).  

Research in the social sciences has suggested that citizens tend to deny Climate Change 
problem and are pretty resistant in feeling involved in it (Norgaard, 2009; Lorenzoni et al., 
2007). The resistance in getting involved in the climate change issue is due to some intrinsic 
features of environmental problems, that obstruct the proper reaction to it (Pongiglione, 
2012). In a previous study we pointed out three main emotional barriers that hinder 
individuals to be involved in Climate Change issue (Tasquier et al., 2013). 
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Within Science Education Research, important studies have investigated some conceptual 
barriers, in particular in understanding the greenhouse effect mechanism and its relationship 
with global warming (Besson et al., 2010; Tasquier, 2013).  

Again, other studies in Communication of Science have shown that the well-known attitude of 
bewilderment and distrust of individuals, in the face of scientific controversies presented by 
the media, depends to the influence that the media and the political and economic powers 
exert on public opinion (Lorenzoni et al., 2007; Special Eurobarometer, 2011).  

In the light of these studies we made the conjecture that the conceptual and emotional barriers 
are somehow related to a naïve image of science as well as to poor epistemological 
knowledge about what are models in science and what kinds of modelling are there behind the 
scientific debate on Climate Change. A large body of research demonstrates that, usually, 
students are not pressed to develop a refined epistemological knowledge and they reach poor 
understanding of the nature of science (e.g. Pluta et al. 2011; Carey & Smith, 1993) and, in 
particular, poor understanding of what models are (Grosslight et al., 1991; Treagust et al., 
2002). In our opinion, also behind the conceptual difficulties and the emotional resistance 
toward Climate Change issues, some naïve and stereotypical beliefs about science can be 
seen: the beliefs that science still has the role and the power of providing a unique, 
unquestionable, sure explanation of what happens. Such a naïve idea about modelling deeply 
clashed with the intrinsic complexity of Climate Science (Pasini, 2003; IPCC, 2007).  

According to our conjecture, we strongly believe that students should be guided to develop 
new and robust awareness about modelling, scientific argumentation, as well as about the 
various causal schemes implied by the different types of models and modelling (Pasini, 2003). 

Consistently, we designed teaching materials1 on Climate Change aimed to foster at the same 
time:  
− Deep understanding of the basic concepts involved in global warming and climate change 

(disciplinary dimension);   
− Critical thinking about the relation Man-Nature-Society for enabling students to get 

acquainted with political and economical debates (societal dimension) 
− Appropriation of a refined epistemological discourse where: i) controversies and 

scientific debates find legitimacy; and ii)  modelling in Climate Change is discussed and 
progressively framed within the epistemological perspective of complexity 
(epistemological dimension).   

The purpose of the study reported in this paper is to investigate the reactions of secondary 
school students to the epistemological dimension of the materials and to explore if and how 
the material enabled them to develop epistemological knowledge. The study is the first step of 
a longer study aimed at investigating if and how epistemological awareness is somehow 
related to the emotional attitudes toward Climate Change issues and personal engagement.  

 

RESEARCH DESIGN AND METHODOLOGY 

Context  
The context of the teaching experience was a multi-disciplinary extra-scholastic laboratory-
course realized in a scientifically oriented secondary school. The course involved one class of 
28 students (grade 11; 16 years old) and took place every Friday afternoon on January-
February 2013. It was structured in five lessons as it is shown below (table 1). 
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Table 1 

Structure of the lab-course. 

1st Introduction to Climate Change: the scientific research and the new terms of the scientific 
controversy (General Climate Science) 

2nd Experiments on examples of interaction between radiation and matter (Physics)  

3rd Experiments on the construction of a Greenhouse model (Physics) 

4th Introduction to complex systems  (Mathematics & Physics)  

5th Political and Economical scenarios: overview of climate treaties and proposals to cut emissions 
(Political, Economical and Sociological Science)  

 

During the whole course, the epistemological fil rouge on models and modelling was 
carefully addressed and articulated into two crucial passages: 1) Introduction and discussion 
of the idea of modelling physical objects, in talking for example of earth as black body, one 
layer-atmosphere as a grey body; 2) Reflection on the difference between a classical model 
based on linear causality and a complex model based on a circular causality.  In the first 
passage models were stressed as “ways of looking at” real world, as “lenses” for selecting 
pieces of knowledge and reassembling them so as to manage a real phenomenon from an 
experimental, formal and cognitive point of view. In the second passage, special emphasis 
was given to the notion of feedback introduced and progressively refined so as to stress that, 
in “circular causality”: i) causes and effects cannot be clearly distinguished; ii) small changes, 
in space and time, can produce big changes.  

 

Research questions and data sources 

During the teaching experience many different data were collected, mainly qualitative ones. 
The data sources were designed so as to take into account the different dimensions involved 
in the study.  

Table 2 provides a map of the data sources of the various types of data were collected during 
the path and of the dimension that each source was supposed to investigate.  

Table 2 

Data sources. 

MAIN DATA SOURCES  
MOMENTS OF 
SUBMISSION 

CHECKED/TESTED 
DIMENSION  

 B D E DD ED SD 
Pre-Questionnaire (Q1)  X 

  
X X X 

Questionnaire on the idea of model (Qm) 
 

X 
  

X 
 

Post-Questionnaire (Q2)    
X X X X 

Tutorials (groups’ works)  
 

X 
 

X 
  

Audio-recording lessons  
 

X 
    

Notes from researchers  
 

X 
    

Written task inspired by inventory from EU 
researches    

X X 
  

Individual semi-structured interviews  
  

X X X X 

Legend: B: beginning of the path; D: during the path; E: at the end of the path 
DD: disciplinary dimension; ED: epistemological dimension; SD: societal dimension 
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In order to follow the evolution of students’ 
models and modelling were included in
middle-questionnaire (Qm) was
interviews were moreover carried out so as to gather “dynamic” data about
of understanding of the specific models discussed in the course, 
epistemological discourse. 

All these data have been taken into account
oriented the study: 

(RQ1): Did students’ epistemological knowledge evolve during the course? If so, how? 

(RQ2): What kind of markers can be used/invented to see if 
epistemological knowledge occur

 

DATA ANALYSIS AND RESULTS
In order to get back an overview of 
a graph (Fig.1) which sums up how 
work. The graph refers to the answers to a question of the post
were asked to evaluate such topics
“easy/hard”, “better/worse understood. In the graph, the topics related to the three main 
dimensions of the course are kept together.

 

Figure 1- Global view of the results' on the three dimension
epistemological dimension; SD: societal dimension

 

The graph shows a strong emotional resonance to the societal dimension
perceived difficulties on the epistemological and conceptual dimension. 

evolution of students’ epistemological knowledge, specific 
models and modelling were included in the pre- and post- questionnaires (Q

was completely devoted to this. Individual semi
views were moreover carried out so as to gather “dynamic” data about

of understanding of the specific models discussed in the course, ii)  the quality of 

taken into account for answering the Research Questions that 

: Did students’ epistemological knowledge evolve during the course? If so, how? 

can be used/invented to see if developments in the 
occur? 

AND RESULTS 
order to get back an overview of what happened during the teaching experiment

which sums up how students perceived crucial topics addressed throughout the 
work. The graph refers to the answers to a question of the post-Questionnaire

asked to evaluate such topics2 in term of “more/less interesting”, “useful/
”, “better/worse understood. In the graph, the topics related to the three main 

ourse are kept together. 

Global view of the results' on the three dimension (DD: disciplinary 
epistemological dimension; SD: societal dimension) 

a strong emotional resonance to the societal dimension and, as we expected, 
difficulties on the epistemological and conceptual dimension.  

knowledge, specific questions on 
Q1 e Q2). A special 

ndividual semi-structured 
views were moreover carried out so as to gather “dynamic” data about: i) students’ level 

the quality of 

for answering the Research Questions that 

: Did students’ epistemological knowledge evolve during the course? If so, how?  

in the 

what happened during the teaching experiment, we report 
perceived crucial topics addressed throughout the 

Questionnaire where students 
in term of “more/less interesting”, “useful/ needless”, 

”, “better/worse understood. In the graph, the topics related to the three main 

 

DD: disciplinary dimension; ED: 

and, as we expected, 
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In order to analyse in detail the reactions to the epistemological dimension, we focused our 
attention on students’ answers to some questions included in the three questionnaires (Q1, Qm, 
Q2). The questions taken into account are reported in Table 3. 

Table 3 

Data Sources and questions on the epistemological dimension. 

Data sources Questions 

Q1 What is your idea of model in physics? If you think at physical models, what kind of 
examples come to your mind? 

Qm − Thinking back to the first questionnaire, how would you answer today? What it is 
changed in your idea of a model? How this idea is evolved? Make your ideas 
explicit. If you need you can also use some examples. 

− In the light of your revision and your reflections, we ask you to think and to make 
explicit the relationship among model-experiment-reality. 

Q2 During these lessons, some bearing wires have led the way. In particular it has been put 
great emphasis on the relationship among model - reality - experiment. Could you say 
what do you think now about this relationship? 

 
For the analysis, we opted for an iterative bottom-up approach. After reading students’ 
answers and triangulating the first impressions within the research group, we decided to 
articulate the analysis into two steps. The first step had to investigate if and how students’ 
ideas of model were changed, whilst the second step had to study if and how it was possible 
to see a development and an improvement in the epistemological language and/or in students’ 
argumentation.    

The analysis pointed out two macro shifts in students’ knowledge: 1) in their “idea of model”; 
and 2) in the relationship “model-experiment-reality”. The first shift emerged in the passage 
from Q1 to Qm , whilst the second shift emerged in the passage from Qm to Q2. 

As it will be shown, students were not only able to enrich their epistemological vocabulary. 
They were also able to complexify and refine their patterns of argumentation on 
epistemological topics, like the relationship between model-experiment-reality.  

 

First shift: evolution in students’ idea of model 
In the pre-Questionnaire, students appear very confused about the idea of models. In general, 
only few students (6 out of 26) try to answer the question about models. When they try, they 
borrow the words from everyday life and common sense. Language and awareness about 
modelling were not part of their physical background. 

A synthetic view of the answers is reported in Fig.2. 
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Figure 2 - Students' ideas of model

More specifically, 20 out of 26 
through sentences like “I have no idea of what a model is
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Figure 4 – Distribution of students’ answers which include the argument “Model is for” . 

 
The main massages one can pick up from figure 3 are that: i) in the middle of the 
teaching/learning path, the students felt free to express their ideas about what a model is and 
the answers are distributed over a plurality of ideas; ii)  most of the students still focus their 
argument on rather naïve ideas, namely model is a reproduction of reality, model is an 
experiment. We had already found the tendency to identifying models and experiments in the 
pilot study and we were very worried that such a robust idea could not be somehow 
problematized.  

Figure 4, compared to figure 3, shows that the two kinds of argumentation (“Model is” and 
“Model is for”) represent in fact two different levels of reasoning. What a model is represents 
the zero-order passage that all the students have done, from no idea to the introduction of a 
rough and tentative vocabulary. What a model is for represents a refinement in argumentation 
and only some students (10 out of 25) express this facet in their answers.  

 

Second shift: evolution in students’ epistemological reasoning 
As we already said, the second shift emerged by comparing students’ answers to the same 
question we posed in Qm and Q2 about the relationship Model-Experiment-Reality. 

The sound of students’ answers in Q2 
5 was very different and we supposed that this 

difference was the manifestation of a substantial improvement of their epistemological 
knowledge.  From a methodological point of view we had to address the following problem 
(RQ2): what kinds of markers can be bootstrapped from the data so as to test our impression 
against data and to check if students in fact were able to improve their epistemological 
knowledge? 

The makers we decided to search for had to belong both at the level of vocabulary and at the 
level of argumentation. Indeed, it seemed to us very evident that:  

i) at the level of vocabulary, the number and the quality of epistemological words 
improved. Language became richer and more sophisticated; 

ii)  at the level of argumentation, patterns for talking and describing the relation Model-
Experiment-Reality became more articulated and complex.  

In order to find out markers of epistemological change, we constructed, from a selection of 
students’ answers, a code scheme for words and patterns of argumentation that we iteratively 
refined by testing the codes against all students answers. 

0

1

2

3

4

Explaining Understanding Testing Predicting

Strand 9 Environmental, health and outdoor science education

1557



The codes that we progressively built for analysing the answers at the level of the vocabulary 
refer explicitly to the three terms of the relationships we asked to think about, that is reality, 
experiments, models: 

A. Reality-focused words, namely words like true/truth, certain, likely, which refer to the 
supposed grade of perfection, reliability of scientific knowledge and/or to the supposed 
distance/closeness of knowledge to reality; 

B. Experiments-focused words, namely words like observation, reproduction, results which 
mainly refer to a language typical of an experimental/laboratorial context; 

C. Models-focused words, namely words like representation, construction, explanation, 
interpretation which mainly refer to the meaning, the sense and the role of modelling in 
understanding physical phenomena. 

The graph in the figure below shows how students’ use of these expressions changed from Qm 
to Q2. It is built by counting the number of the words used in students’ answers in the three 
different categories. 

 

 

Figure 5 - Evolution of students' vocabulary from Qm to Q2. 

The graph shows very clearly a shift in students’ vocabulary toward the third category.  

In the middle questionnaire, some students start to focus their attention on words centred on 
models but most of them are still using a vocabulary which sounds more naïve from an 
epistemological point of view. The words that most of the students used in Qm confirm the 
tendency to identify models and experiments and, in talking about scientific knowledge, the 
main nuance they see seems to be its distance from a grade of perfection, of truth.  

This results is consistent with the first shift in which we observed students move from no idea 
about model to a plurality of ideas, as well as the first attempt to use an epistemological 
language. Nevertheless the 25% of them still showed an idea of model strictly close to an 
experimental context. 

In Q2 the students show a more mature vocabulary. The model-focused words they used seem 
to us to mirror a general development of epistemological positioning toward more 
sophisticated stances.  

In order to check such a supposition we went on by analyzing students’ argumentation. 
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The codes used for analysing students’ argumentation are four patterns which express 
different ways of positioning models, experiments and reality in 
patterns are reported in Figure 6.

“Pattern 0” represents the identity between Model, Experiment and Reality. We ascribe 
students’ answers a relationship of identification if they use expressions like “ the experiment 
is/mirrors/reproduces a model”. 

“Pattern 1” is characterized by the 
model is seen at another level. A typical answer for this pattern is: “A model is an idea to be 
tested against experiments/reality”. The three different arrows represent three directions of 
this relationship inside this pattern (“first come the model, and then its testing”; “model is 
derived from reality/experiments”; there is no privileged direction). The dashed arrow 
represents a particular case, that we called the “sceptical”. It includes studen
in any case, models cannot explain or interpret reality as it is. They refer to an hyper
simplified, artificial world. 

 

 

Figure 6 - Patterns of reasoning in students argumentation about the relation Model
Experiment-Reality. 

The codes used for analysing students’ argumentation are four patterns which express 
different ways of positioning models, experiments and reality in their mutual relationship. The 

ure 6.  
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elationship inside this pattern (“first come the model, and then its testing”; “model is 
derived from reality/experiments”; there is no privileged direction). The dashed arrow 
represents a particular case, that we called the “sceptical”. It includes studen
in any case, models cannot explain or interpret reality as it is. They refer to an hyper
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model is seen at another level. A typical answer for this pattern is: “A model is an idea to be 
tested against experiments/reality”. The three different arrows represent three directions of 

elationship inside this pattern (“first come the model, and then its testing”; “model is 
derived from reality/experiments”; there is no privileged direction). The dashed arrow 
represents a particular case, that we called the “sceptical”. It includes students who think that, 
in any case, models cannot explain or interpret reality as it is. They refer to an hyper-
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“Pattern 2” is characterized by a relation of verisimilitude between experiment and reality 
(“experiments consider only some aspects of reality”). Still, model is posed at another level. 
The three different arrows represent the previous three directions of this relationship inside 
this pattern. Moreover, inside this pattern there is a particular relation where students identify 
model and experiment. 

“Pattern 3” is characterized by an iterative relation among model, experiment and reality. 
Each term of the relation is posed on a different level and there is a dynamical (and circular) 
mechanism among the three. The three different arrows represent three directions of this 
relationship inside this pattern, in particular the “a” arrows represents a top-down dynamic 
(the circular process is started up by an idea, a model), the “b” represents a bottom-up 
dynamic (the circular process is started up by experiments) and the “c” represent a mix 
dynamic (sometimes confused). 

Figure 7 shows the sensible changes in students’ answers. 
 

 

Figure 7 - Students' patterns of argumentation from Qm to Q2. 

In the graph the evolution in students’ argumentation is very evident. The first evidence is that 
“Pattern 0” completely disappeared in Q2; the second evidence is that “Pattern 3” increased in 
a sensible way. It is also remarkable that in Q2 a considerable number of students provided a 
“prudent answer”, that is they wrote something like: “the relationship is complicate and I still 
need to think about it”. We considered such answers another signal of epistemological 
maturation. 

 

FINAL REMARKS, IMPLICATIONS AND RELEVANCE FOR 
RESEARCH 
The study moved from the conjecture that Climate Change represents a not only a societal and 
disciplinary challenge but also an epistemological one. Scientific debates imply indeed 
sophisticated epistemological argumentations which refer, more or less implicitly, to the 
delicate issue of the predictive power of Climate Models.  
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The study was intended to provide a contribution to a Science Education research issue that is, 
so far, poorly explored: the role played by the epistemological reflections in promoting 
scientific citizenship.   

The analysis showed that the special emphasis put in the teaching materials on the 
epistemological fil rouge about “models and the game of modelling” led the students to 
acquire and refine their epistemological language. Both vocabulary and argumentation 
patterns were progressively enriched and complexified. 

Nevertheless, the analysis highlighted also some difficulties. The presence of what we 
classified as prudent answers shows that the development of epistemological knowledge is a 
complicate process for the students, also because they were, at the beginning, very far from it. 
A significant number of students at the end of the path still had the feelings that something 
would have deserved further reflections. This is an open issue that we will take into account 
in future implementations. 

However, the main direction of future studies concerns the impact of the epistemological 
improvement on the other dimensions involved, namely the conceptual and the societal ones. 
Some studies about students’ reaction to the other dimensions are now in progress. 
Preliminary results are showing what we expected: for some interviewed students, the 
epistemological dimension represented the entry point for a social and personal engagement. 
The open issue, which will be addressed as next step of our study, is how and why the 
epistemological dimension affected, in these students, their emotional and social attitude and 
their personal involvement on Climate Change issue.    

 

NOTES 
1. In previous studies (Tasquier et al., 2013; Tasquier 2013) we presented materials designed 
to foster both deep understanding of the basic concepts involved in climate change as well as 
critical thinking for addressing some cognitive and emotional barriers (Tasquier et al., 2013), 
and we presented a first pilot-study in which preliminary results were discussed (Tasquier 
2013). 

2. Examples of topics evaluated by students in the post-questionnaire were: explanation of the 
greenhouse effect in terms of energy balance, concepts of absorbance – reflectance – 
transmittance, concept of emissivity (conceptual dimension); reflections on the relationship 
among model-reality-experiment; the idea of feedback; the transition from classical models to 
complex models;  reflections on the transition from the real to the virtual laboratory 
(epistemological dimension); the political and economic scenarios (societal dimensions). 

3. Two students did not fill in with the questionnaire since they were absent. 

4. Three students did not fill in with the questionnaire since they were absent. 

5. One student did not fill in with the questionnaire since he/she was absent. 
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Abstract: The Portuguese curriculum includes the issue of endangered species but it 

omits the reintroductions of endangered or already extinct species. Therefore, this study 

aimed to verify and compare the position of 435 students, attending the 4
th

 (n1=210, age 

average 8,8) and the 9
th

 year (n2=225, age average 14,3) of schooling, about the 

hypothetical reintroduction of three emblematic mammals from the Iberian fauna in 

Portugal: the wild goat, the bear and the lynx, which has a very different situation in this 

country. To this end, a questionnaire was applied, also demanding the reasons of their 

choice. The students of both groups supported the reintroductions with percentages that 

were very similar, but the reasons for their support had a different frequency. In a very 

general way, the older students gave more personal and ecological arguments and the 

younger produced more arguments centred on the animals and on the human being. 

However, the incidence of ecological arguments was lower than expected, due to the 

fact that students from the 9
th

 have approached throughout schooling, more precisely at 

the 3
rd

, 5
th

 and 8
th

years, several ecological issues. Some misconceptions about the utility 

of the animals for humans, especially in the case of the wild goat, and their 

dangerousness, in the case of the bear and lynx, were also detected. Because this issue 

has proved to be very controversial in countries that have already started a 

reintroduction policy of some species of their fauna, we support its discussion during 

schooling, in Science Education and Environmental Education, for a better 

understanding of the reasons for and against the reintroductions that may allow reducing 

the importance of empathy for an animal as the most important one. 

Keywords: Animals’ reintroductions; Students’ perceptions about animals; Science 

Education 

 

INTRODUCTION 

Humanity has been responsible for the extinction of several species in the last 50,000 

years. Due to this negative action, the planet lost half of the 200 genera of large 

mammals (Martin, 2005). Mammals with weight higher than 45 kilos (99 pounds), or 

even smaller, were the first to be extinct, because they are in any way more sensitive to 

human action. With the industrial revolution the situation has worsened as a result of 

population growth, increase in agricultural, industrial and urban areas, and ecological 

fragmentation. At the same time that some species became extinct, others declined their 
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populations hugely. To oppose to this reality, ecosystems restoration and species 

reintroductions were improved in several world regions in the last decades, and some 

countries decided to improve programs to reintroduce some of species once abundant. 

In some cases, the issue became extremely controversial, with different society groups 

arguing in opposite ways, as was the case of the lynx reintroduction in Switzerland 

(Breitenmoser, 1998), the wolf in Scotland (Nilsen et al., 2007) or the wolf in Norway 

(Bjerke, Reitan & Kellert, 1998), only to give a few examples. Generally, rural 

populations are more sceptical about the reintroductions, because they see them as an 

economic threat; instead, urban people regard them as a compensatory measure for the 

species eradicated by human action. Other factors like age and ecological literacy are 

also important, because the younger and those with more qualifications tend to support 

the reintroductions. 

 

RATIONALE 

The Portuguese curriculum emphasizes the problem of species extinctions in the 3
rd

, 5
th

 

and 8
th

 year of Basic School but nothing is referred about the reintroductions. 

Textbooks, which do not always meet entirely the guidelines of the programs, also 

ignore this subject. However, it has been discussed in the scientific community, and the 

media, especially some newspapers, sometimes refer to it. 

The present communication is focused on three of the most emblematic mammals of the 

Iberian Peninsula: the wild goat (Capra pyrenaica), the brown bear (Ursus arctus) and 

the Iberian lynx (Lynx pardinus), and on how their future presence in Portugal depends 

on their reintroduction from similar individuals from Spain, where they still survive.   

The mountain-goat is a relic of the last glacial period and only the highest peaks of the 

Peninsula Mountains allowed the necessary conditions for its survival. The subspecies 

Capra pyrenaica lusitanica existed in the Gerês Mountains (north of Portugal) till the 

XIX century. Its reintroduction from another subspecies in Galicia, from a program 

begun in 1992, was particularly successful. According to Caetano & Ferreira (2003) the 

success of this reintroduction was not a surprise because the ancient predators from the 

wild goat, the wolf and the Iberian Lyxn, are practical absent from their habitat, and the 

mortality of the pups due to foxes, eagles or feral dogs, will be less severe. In fact, 

according to Gama (2008), the number of wild goats near the Portuguese border 

amounted to nearly 400 individuals, after fifteen years of its reintroduction. But, 

because the reintroduction started only with 18 animals, the danger of inbreeding is real, 

and new intentional reintroductions are supported to ensure the continuity of the 

species. 

The brown bear became extinct in mid-XVII century but it is possible that even in the 

XX century the incursion of some animals in the Portuguese territory had happened 

(Alvares & Domingues, 2010). The bear suffered a marked reduction in its distribution 

area in the Iberian Peninsula due to direct and indirect human action, especially due to 

the excessive hunting and changes in the vegetation cover in the places where it existed. 

Considering hunting, it is also important to mention that, during centuries, to hunt bears 

was part of the warrior preparation of the noble class, which has caused a great decrease 

in the number of these animals. Today, its permanence in the border region of Sanabria 

(Spain) allows us to consider the possibility of its reintroduction, even without any 

intentional measure. 

Finally, the lynx, perhaps the most discussed of the three animals due to a few programs 
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for its conservation well known at the schools, lives a critical situation, despite all the 

efforts mentioned. The change of its habitat, from scrubland to forests, the hunting and 

its trophic dependence on the wild rabbit are the main reasons evoked to explain its 

critical situation (Castro & Palma, 1996). In Portugal, a residual population, distributed 

by three nuclei separated territorially, genetically isolated, makes its survival very 

difficult (Santos-Reis & Mathias, 1996) and Albéniz (2006), more recently, considered 

the presence of the lynx exclusively in Spain. Only its captive breeding, as it is 

happening in both countries, and its subsequent reintroduction, will enable its future 

survival. The National Center for Reproduction of the Iberian Lynx (NCRIL), 

inaugurated in 2009 in Silves, Algarve, brought some hope to the possibility of survival 

of this species. It aims to breed animals in captivity in order to reintroduce the species in 

the wild. 

 

METHODS 

This study aimed to verify and compare the opinion of two groups of students about the 

reintroduction of the three above cited mammals. The sample (n=435) included  210 

children in the 4
th

 school year (107 boys and 103 girls, age average 8,88) and 225 from 

the 9
th

 (106 boys and 119 girls, average 14,3). For that purpose, a questionnaire written 

in Portuguese was applied to know if they agree with their hypothetical reintroduction. 

For each animal, a statement about the situation of each animal in Portugal was given. 

Then, students had to select if they agree or not with its reintroduction from several 

animals brought from Spain, where all these three species still exist in the wild. Finally, 

a justification was demanded. The validity of the questionnaire was determined by the 

review of two professors in the field of Methodology of Science. They considered it 

adequate for both school levels and they didn´t propose any changes to it. 

A chi-squared test was applied to test the homogeneity between groups (level of 

significance of p≤0.05). The same test was also used to verify gender differences, but 

the results were not statistically significant. Therefore, the results just compare the two 

school year groups. The reasons for and against the reintroductions were diverse and 

were categorized as follows: centred on personal aspects, on the human being, on the 

animal considered and on relational and holistic aspects. These categories were used in 

other studies involving an ethical dimension about human-nature relationship 

implemented by the team research to which the authors of the present study belong (see, 

for instance, Almeida, Strecht-Ribeiro & Vasconcelos, 2012, and Almeida, 

Vasconcelos, Strecht-Ribeiro & Torres, 2013) and prove to be consistent with the 

different types of answers from respondents from different ages.  

Each member of the research team analyzed separately the codification of the reasons 

given by the respondents. The answers codified differently were discussed and a few 

were considered inconclusive. 

 

RESULTS 

The results obtained (Table 1) show that the majority of the students from the two 

groups agreed with the reintroductions, with very close and particularly high 
percentages in the case of the lynx (respectively, 79% and 81.3%). In fact, in the case of 

the wild goat, it was even among the younger (85.2% against 66.7%, from the older 

students) that the position was more favourable with statistically significant differences 
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(p. = 0.000). The bear was the animal that received less support for its reintroduction, 

but the percentages were still high (respectively, 64.3% and 64.9%). 

Table 1 

Level of Significance After the Application of χ2 to the Students of the 4
th

 and 9
th

 

Schooling Year about the Hypothetical Reintroductions of the Wild goat, Bear and 

Iberian lynx. 

 Agree Don’t agree χ2 

 4
th

 year  9
th

 year 4
th

 year 9
th

 year  

Wild goat 179 (85.2%) 150 (66.7%) 31 (14.8%) 75 (33.3%) p. = 0.000* 

Bear 135 (64.3%) 146 (64.9%) 75 (35.7%) 79 (35.1%) p. =0.895 

Iberian lynx 166 (79%) 183 (81.3%) 44 (21%) 42 (18.7%) p. = 0.550 

 

The reasons given by the students for the reintroductions are included in Table 2 (next 

page). Some differences in the frequency of each category can be observed related to 

each animal in the two groups. 

The older students gave more reasons centred on personal aspects, as in the case of the 

bear and the lynx, and on the ecosystem, as is the case of the wild goat and the bear. The 

personal aspects more given were related with aesthetic reasons, the beauty of the 

animal, and a mere personal preference; the ecossystemic reasons tend to value the 

increasing of the biodiversity in Portugal or to emphasise the role of the animals in 

nature. 

The younger preferred to justify their opinions more based on arguments centred on the 

animal and, in the case of the wild goat, centred on the human being. In the first case it 

was recurrent the idea that it is important that the animals return because that was their 

place or the justification based on the statement that “all beings have the right to live”. 

The arguments given to support the reintroduction of the wild goat revealed a 

misconception about its utility (it gives wool, milk and cheese), that was present even in 

the older students. 

The reasons given by the students against the reintroductions are included in Table 3 

(next page). 

The older students gave more reasons centred on personal aspects than the younger and 

argued with ecosystemic reasons, although with a low frequency. A reason centred on 

personal aspects in this group had a high frequency and was related with the Spanish 

origin of the animals, what is a bizarre argument and maybe be explained by an old 

rivalry between the two countries, with a very low relevance in this case. The 

ecosystemic reasons highlight the fact that the ecosystem has now got used to the 

absence of the bear or the wild goat or, in the case of the bear, is now too small for it. 

Similar arguments centred on the human being were given by students from the two 

groups, especially considering the dangerousness of the bear, and of the lynx only in the 

case of the younger. And here, another misconception about the dangerousness of the 

lynx was detected. Curiously, some students from both groups justify their negative 

opinion with reasons centred on the animals, considering the difficulties of their 

adaption or mentioning that the reintroduction proposed was not exactly with similar 

animals. 
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Table 2 

The Reasons Given by the Students of the Two Groups and Their Categorization to 

Support the Reintroductions of the Three Animals. 

 Wild 

goat 

Bear Iberian 

lynx 

Reasons to support the reintroductions  4
th

  9
th

  4
th

  9
th

  4
th

  9
th

 

Centred on personal aspects 24 13 27 66 34 100 

-I like it 5 7 7 16 10 9 

-It´s a beautiful animal 17 3 19 50 24 88 

-Although unfamiliar  - 3 - - - 3 

-It comes from Spain 2 - 1 - - - 

Centred on the human being 54 45 20 20 23 31 

-It´s an animal that people like 1 - - - - - 

-It´s not dangerous / It will be far from people 3 6 4 - 7 - 

-We need it / It´s useful - 2 6 - 6 7 

-It gives wool, milk and cheese   37 28 - - - - 

-It will be a touristic attraction - 4 - 8 - 12 

-People will like to see it 6 1 6 5 7  

-It´s a symbol of the Iberian peninsula - - - - - 12 

-The country would be richer  7 4 4 7 3 - 

Centred on the animal 52 36 50 23 75 32 

-To increase the number or to succeed on its 

preservation 

- 11 1 14 4 19 

-Its extinction was by our fault - 2 - 2 - - 

-To return to their previous places 23 15 26 3 47 - 

-All beings have the right to live 15 5 14 4 16 7 

-It needs a place to live /It´s its habitat 7 - 2 - 3 - 

-It is a living being - - 4 - 5 - 

-It can adapt well 2 2 1 - - 3 

-It is a similar animal 2 - - - - - 

-Even knowing that it is not the same animal - 1 - 1 - 1 

-It is a wild animal - - - 1 - 1 

-It is fast - - - - - 1 

-It is sweet and friendly 2 - 2 - - - 

-It eats plants 1 - - - - - 

Centred on relations with other animals or on the 

ecosystem 

30 48 10 24 14 13 

-All animals are important 6 13 - - - - 

-To increase biodiversity or the number of species 13 27 4 5 2 3 

-To scare the hunters that kill other animals - - - 1 - - 

-The mountains need it or to became more complete 7 - - - 2 - 

-It´s important to nature 4 - 6 - 10 - 

-It has a role in the ecosystem  - 8 - 18 - 10 

Inconclusive - 3 12 3 4 - 

-It´s a lack / It´s important - 3 12 3 4 - 

No justification / incomprehensible answer 19 5 16 8 16 7 

TOTAL 179 150 135 146 166  183 
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Table 3 

Reasons Against the Reintroductions of the Three Animals Given by the Students of the 

Two Groups. 

 Wild 

goat 

Bear Iberian 

lynx 

Reasons against the reintroductions  4
th

  9
th

  4
th

  9
th

  4
th

  9
th

 

Centred on personal aspects 6 27 9 16 3 13 

-I don´t like the animal 1 7 6 1 - - 

-I don´t know the animal - 6 - - - 3 

-It comes from Spain / They are not our animals 5 14 3 15 3 10 

Centred on the human being - - 34 26 19 1 

-It is dangerous, aggressive and may attack people - - 28 23 18 1 

-It eats honey like us / it eats our food - - 5 1 -  

-We have got used without it - - 1 2 1  

Centred on the animal 18 23 19 17 9 11 

-There are a lot of other goats in Portugal 2 5 - - - - 

-It can´t adapt now / it is already extinct 9 5 9 8 7 6 

-It is not similar to those that existed 7 11 8 5 1 - 

-It is a wild animal - 2 - - - 1 

-It will be a victim of the hunters - - 2 4 1 - 

-They should inbreed our animals and not mix - - - - - 4 

Centred on relations with other animals or in the 

ecosystem 

- 6 - 10 1 2 

-It frightens the other animals  - - - 1 1 - 

-The ecosystem got used to its absence - 6 - - - - 

-The ecosystem is now small for it - - - 7 - - 

-It would cause ecological damage - - - 2 - 1 

-Man should not interfere in nature - - - - - 1 

Inconclusive - 13 - 4 1 6 

-It is not a lack / It is not important  - 13 - 4 1 6 

No justification / incomprehensible answer 7 6 13 6 11 9 

TOTAL  31  75  75  79  44  42  

 

 

CONCLUSIONS AND IMPLICATIONS 

This study allowed us to verify that students in general support the reintroductions, 

which is an important result, considering that the subject is not present in the 

curriculum. However, the percentage of supporters did not increase with age, and only 

the nature of the reasons given changed a little, with older students revealing a little 

more ecological literacy. In fact, this result is in part in line with Kellert´s (1996) ideas 

that discourages the study of ecological knowledge before adolescence and encourages 

during childhood the developing of an emotional attachment to the animals that leads to 

the recognition of their needs. He defends that the ecological thought is holistic in its 

nature, and that is why it is difficult for the younger to understand it. But, a study 

published before, from Eagles and Muffitt (1990), involving Canadian students, 

concluded that students 12 or 13 years old can understand the ecological roles of 

animals and use ecological arguments about human-nature relationship. However, in 

this study, close to 90 percent of the children reported that they had spent time in class 

discussing wildlife, which can indicate the importance of ecological literacy, improved 
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in science and environmental education, in the earlier manifestation of this kind of 

knowledge. 

In the present study, the frequency of ecological reasons was not high, even in the older 

students, and personal reasons, based on empathy for the animals, were much more 

frequent. And this result can be relevant for teachers because it indicates that, at least, in 

the case of the students inquired, there was a small influence of the ideas approached in 

the science curriculum of the 8
th

 year of schooling. The reasons for this situation should 

be object of research and we do not intend to proceed with mere speculative reasons. 

Even so, it seems to us that the role of top predators must be something that should be 

discussed more often, precisely in Portugal where the boar is becoming a pest, and 

several cases of crop damage due to these animals are reported with some regularity.  

These results can also be worrisome because some reintroductions may involve less 

appealing animals, which we think was not the case with the wild goat, the bear and the 

Iberian Lynx, all mammals that are usually more popular between humans because they 

are phylogenetically related to us (Herzog 2010). Some misconceptions about the 

dangerousness of the animals or their utility were also revealed. All the results suggest 

that school should give more attention to this subject, discussing the ecological benefits 

and negative impacts of reintroductions, because the growing importance of this issue in 

society requires a better informed population. 
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Abstract: Ecological footprint (EF) is a modern and comprehensive indicator quantifying 

human impact on the environment and facilitating the direct comparison of consumption 

among populations or periods. The aim of this study was to explore Greek preschool student-

teachers’ (STs) understanding of the ecological footprint, including the description of the 

concept, the factors affecting it, the levels of its application, and its usefulness. A convenient 

sample of one hundred and six Greek preschool student-teachers, in the 4th year of their study, 

participated in this questionnaire-based survey, after they have exhibited to relevant teaching. 

Student-teachers’ answers to the three open-ended questions were analyzed using a set of 

predefined categories. Results indicate that only 56% of student-teachers were able to provide 

an adequate short definition of the ecological footprint concept, while the majority of them 

(73%) do not seem to realize its usefulness. Moreover, barely above the half of student-

teachers (54%) appear to understand the core idea of ecological footprint, i.e., the conversion 

of natural recourses to productive land or sea area, while only a third of student-teachers 

(30%) appreciate all levels of its measurement. Food (73%) was the most common factor 

identified by student-teachers as affecting ecological footprint, followed by infrastructures 

(56%) and transportation (53%). As a result, future interventions on the issue of ecological 

footprint should take under serious consideration these observed gaps in student-teachers’ 

understanding, facilitating them to overcome such difficulties.  

Keywords: Ecological footprint, preschool teacher students, understanding 

 

INTRODUCTION 

Nowadays, it is widely accepted, that the better we know our influence on the natural 

environment the more we understand our dependence on life-supporting ecological 

systems. Sustainability refers to a way of life that takes into account the limits of the 

natural life supporting systems. Consequently a need for critical reflection of current 

lifestyles and actions is revealed (Gottlieb et al.2012).  

Ecological footprint (EF) is one of the key concepts and themes of education for 

sustainability. It is a sustainability indicator that quantifies how much regenerative 

biological capacity is being consumed by human activity, and thus, can pinpoint 

where consumption exceeds environmental limits nationally and globally (Kitzes and 

Wackernagel 2009; Wackernagel and Rees 1996). More specifically, Rees and 

Wackernagel (1996, p.5), who introduced the concept of EF, define it as "the area of 

productive land and water ecosystems required to produce the resources that a 

defined population consumes and assimilate the wastes that the population produces, 

wherever on Earth the land and water is located”. In other words, ecological footprint 

includes the land required to provide the defined population with all its food and 

materials as well as to absorb all its waste, and aggregates them into a single measure 

(global hectares per capita).  Furthermore, ecological footprint facilitates the direct 

comparison of consumption either among various populations or for the same 

population in different periods. 
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Undoubtedly, ecological footprint is a very important and useful tool for the 

sustainable use of natural recourses. However, since the formulation of the ecological 

footprint, a number of researchers have criticized the method as originally proposed. 

Some of the main points of criticism are the follows: 

 Ecological footprint is much too pretentious. The complex interactions 

between people and nature how can be reduced to a matter of hectares? 

 Ecological footprint is an oversimplification of the complex task of 

measuring sustainability of consumption. 

 Ecological footprint does not reveal where impacts really occur. 

 

It worth’s to be mentioned that Rees and Wackernagel (1996) have answered in 

advance to this criticism: 

 

“…Ecological footprint does not say the whole story … It is as simple 

model like any ecological model it does not represent all possible 

interactions … Our current calculations underestimate humanity’s draw 

on nature … But they do provide challenging guidelines to manage 

ourselves in a ecologically and socially more responsible way … Not 

knowing something with certainty (or in details) will not stop us from 

taking action or interaction…” (Rees and Wackernagel, 1996, p. 18). 

 

Additionally, in response to the problems highlighted, the concept has undergone 

significant modifications and the debate about the development and refinement of the 

method are continuing. Finally, it is now considered as widely accepted by the 

scientific community.  

Besides its use as scientific tool for quantifying human pressure on the environment, 

ecological footprint acknowledged, through the years, and as a valuable educational 

resource. It attracted the interest of environmental educators mainly due to its ability 

to visualize human impact on the environment in a level that it could be easily 

comprehensible even from primary students, pinpointing where consumption exceeds 

environmental limits. Additionally, EF facilitates comparisons of consumption either 

among various populations or for the same population in different periods. All these 

comparisons are of crucial importance for teaching sustainability dimensions and 

especially those of social justice, as ecological footprint can reveal the chronic 

material inequity between affluent and low-income countries.  It is common for 

affluent countries to record national ecological deficits, meaning that they usually 

import biocapacity through international trade or emit wastes into global commons 

like the atmosphere or the oceans. It seems that analyzing ecological footprint in the 

framework of an educational program is a meaningful method for communicating the 

message of sustainability to students.  

Thereafter, ecological footprint became a useful tool for communicating teaching and 

learning for sustainability (Holmberg et al. 1999). Given the importance of ecological 

footprint for education, we can not record a similar interest in educational research as, 

up to date, educational research concerning ecological footprint was mostly related to 

efforts of calculating and reducing ecological footprint of schools (Gottlieb et al. 2012, 

McNichol, Davis & O’Brien 2011). Extensive literature review revealed only two 

studies on teachers’ views related to EF. Keles & Aydoğdu (2010) studied pre-service 
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science teachers’ views, while O’Gorman & Davis (2013) focused on reactions and 

reflections of preschool teachers. In the latter study (O’Gorman & Davis 2013), the 

EF calculation was used as a tool for challenging teachers to consider the 

sustainability of their lifestyles as a means for engaging them in learning and teaching 

for sustainability. However, none of these studies had a clear focus on the 

understanding of ecological footprint, as their main interest was related to the 

calculation of individual ecological footprints.  

Based on the above, the aim of this study is the in-depth exploration of Greek 

preschool student-teachers’ (STs) understanding of the ecological footprint, and 

particularly, the description of the concept, the factors affecting it, the levels of its 

application, and its usefulness.  

 

METHODOLOGY 

One hundred and six sophomore preschool student-teachers (102 females and 4 males) 

attending an Environmental Education course in a Northern Greece University 

participated in this study. Participants completed a written questionnaire about a 

month after relevant teaching. The questionnaire, that was developed, consisted of 

three open-ended questions. It was asking student-teachers to describe what 

ecological footprint is, the factors influencing it, and possible ways of reduction. In 

this study, data only from the first two questions are reported.   

For analyzing these two questions, we performed a top-down analysis, based on 

predefined categories. These developed by a combination of the original definition of 

ecological footprint (Wackernagel and Rees 1996) and the component-based approach 

(Simmons et al 2000). As a result we used categories related to (i) bioproductive areas 

(e.g., land, sea), (ii) raw materials (i.e., crops, meat, seafood, wood and fiber), and (iii) 

consumption categories (i.e., food, housing, transportation, consumer goods, services 

and wastes). For a more comprehensive approach of the concept, categories about the 

level in which ecological footprint can be measured, as well as about its usefulness, 

were also developed. All categories developed from the above analysis are presented 

in figures 1, 2, 3, and 4 as series of the vertical axis. 

 

RESULTS  

The analysis of student-teachers’ responses revealed that only about the half of them 

(56%) seem to have a clear understanding of the ecological footprint basic description, 

meaning that it is a measure of human impact on the environment. In addition, the 

remaining student-teachers had an either incomplete or erroneous understanding (24%) 

of the concept or no understanding at all (20%).  

More specifically, as complete answer we considered responses having the following 

meaning: “The average ecological footprint of a population … is measured in land or 

sea hectares required to produce crops, meat, seafood and textile fibers. Also, in the 

same area is computed and the infrastructure needs of this population. In short, it is 

an attempt to correlate the natural resources exploited by the current population to 

hectares of land or sea. The ecological footprint can be measured either for an 

individual or for a family, a community, or country”. 
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Examples of incomplete answers were: “Ecological Footprint: Is the moderate 

consumption of natural resources”, “Ecological footprint or footprint is a measure of 

the consumption of natural resources that a human population has”, and “The 

ecological footprint is a measure that shows us the use of land and sea and their 

availability. E.g., amount of food, water, and fishing. Even the buildings are 

included”. 

In addition, we recorded answers with erroneous understanding. like: “The ecological 

footprint is the total expansion of productive land and sea constituted by crop, meat 

or seafood, textile and consumed by the human body”, “With the average ecological 

footprint meant the ecological consciousness of everyone. Specifically what ways has 

behavior towards the environment” and “The ecological footprint is the conversion of 

human energy consumption. That is, how much energy is released from our daily 

activity”. 

As far as the usefulness of ecological footprint, Figure 1 illustrates that approximately 

three quarters of them (73%) do not mention it at all, while only a slight percent (3%) 

mentions both its main uses; the comparison, among populations or time periods, of 

the consumption of natural resources and the comparison of human demand against 

nature’s supply of biocapacity. Moreover, in the same issue, about the one fourth of 

STs (23%) had a partial understanding by mentioning only one of its uses.  

 

 

Figure 1. Usefulness of EF 

Findings regarding STs’ understanding about the core idea of ecological footprint, 

that of the conversion of natural recourses used by a population to land or sea area, 

are presented in Figure 2. Unfortunately, only the half of STs (54%) seems to realize 

this fundamental idea and about a third (32%) appear to have no relevant information 

(Figure 2). In addition, a small number of student-teachers (13%) had a partial or 

incomplete understanding of the topic, by mentioning only some of the necessary sub-

ideas involved (i.e., conversion to hectares, land area, sea area, or any combination of 

two of them). The following excerpts are representative: “The ecological footprint of 

a person, a group, a country is defined as the consumption of resources compared to 

meat production, power plants, etc., is an attempt to move footprint in hectares of 

land” and “The ecological footprint is the total area of land required for the crop 
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production sector”. At both examples “sea area” does not mentioned, and especially, 

at the second one, neither the conversion to “hectares” is mentioned.  

 

 

Figure 2. Conversion of natural resources to land / sea area 

As far as the level of measurement of ecological footprint is concerned, two opposite 

trends in student-teachers’ answers were observed (Figure 3). More specifically, 

appears that student-teachers are either not aware at all about the various levels of 

ecological footprint measurement (59%) or are fully aware (30%), i.e., on individual, 

medium (e.g., family, school, city) and large scale levels (e.g., nations, planet). On the 

same issue, it is also notable that the number of student-teachers completely ignoring 

the various levels of measurement related to ecological footprint is about the double 

of those appreciating it, making the gap in their understanding even more sharp and 

alarming.  

 

 

 

Figure 3. Levels of EF measurement 

Finally, the analysis of the factors affecting ecological footprint showed that food was 

the most popular factor (73%) identified by student-teachers as affecting ecological 

footprint (Figure 4). In the same topic, barely above half of student-teachers realized 

infrastructures (56%) and transportation (53%), while slightly fewer mentioned 
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wastes (48%) and fibers (48%). Only about two fifths cite various consumer goods 

(40%) and timber (37%), with services gaining only 32% of student-teachers’ 

attention.  

 

 

 

Figure 4. Factors affecting EF 

 

Moreover, although energy was indirectly included into the components assessed in 

this study as a part of goods or services, we have to note that about two fifths of 

student-teachers (38%) mentioned energy (*) or some of its forms (e.g., electricity, 

petroleum) as an extra factor affecting ecological footprint.  

 

CONCLUSION AND FUTURE RESEARCH  

As reported in the introduction, up to date, educational research concerning ecological 

footprint was mostly related to efforts of calculating and reducing ecological footprint 

of schools (Gottlieb et al. 2012, McNichol, Davis & O’Brien 2011). Extensive 

literature review revealed only two studies on teachers’ views related to EF; Keles & 

Aydoğdu (2010) studied pre-service science teachers’ views, while O’Gorman & 

Davis (2013) focused on reactions and reflections of preschool teachers.  

However, in all these studies the main interest is the calculation of individual 

ecological footprint and none of studies has a clear focus in understanding of 

ecological footprint concept. We definitely believe that calculation alone does not 

sufficiently promote the understanding of the ecological footprint meaning, and 

consequently it is impossible to diffuse the sustainability message clearly. So, the aim 

of this study was to explore Greek preschool student-teachers’ understanding of the 

ecological footprint, including the description of the concept, the factors affecting it, 

the levels of its application, and its usefulness. Findings showed that the majority of 

student-teachers, even after relevant teaching, do not seem to realize the usefulness of 

ecological footprint and its core idea of converting natural recourses to land/sea area. 

In addition, only about half of them were capable of giving 
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 an adequate description of the concept or to realize the factors affecting ecological 

footprint, whilst even fewer appear to appreciate all levels of its measurement.  

Our findings are consistent and further enrich international evidence about teachers’ 

limited knowledge and pedagogy on core sustainability issues. Early childhood 

teacher education has similarly lagged behind in preparing teachers in this regard. 

Now days, environmental education and education for sustainability are included in 

an international level, as underpinning values within current early childhood curricula. 

Furthermore, it is critically important, that pre-service early childhood teacher 

education programs be recognized for their fundamental role in preparing future 

teachers to work with their communities towards sustainable futures. As a result, 

although the focus in Departments of Education is on the teaching methodology, in 

this case the focus on content is also needed. Consequently, future teaching should 

give greater emphasis on these issues, helping student-teachers to overcome such 

difficulties.  
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Abstract: The study presents the results of research which aimed to reduce vulnerability to 

climate change through a program of scientific literacy in a Mexican community whose 

main economic activity is milk production. The project promoted science learning in the 

real-world context and considered the relevancy of scientific literacy in particular tasks at 

hand in certain social contexts.  

We used the Climate Vulnerability and Capacity Analysis (CVCA) methodology which 

allowed us to understand the implications of climate change for a specific community. This 

methodology combines local knowledge with scientific data and provides a framework for 

dialogue between all participants.  

We used semi-structure interviews and questionnaires to identify vulnerability issues 

through 5 aspects: the sense of belonging to a group, knowledge about climate change, 

production practices, susceptibility of cattle to climate changes and the economic situation. 

The data analysis was supported by Maxqda, software for professional text analysis.   

The most relevant results show that dairy farmers have a strong feeling of belonging to the 

community; rather dispersed knowledge on climate change and don’t possess specific 

information about how to prevent or adapt to the consequences of climate change. The 

findings also reveal that dairy farmers have been seriously affected due to: a high level of 

vulnerability of their cattle to the effects of climate change; a considerable increase of 

prices on animal feed; and recent severe droughts and water scarcity. These outcomes 

served us as a solid basis for the identification of practical strategies in order to facilitate 

community-based adaptation to climate change and allowed us to design a climate change 

literacy program. The impact of the program was assessed according to the improvement of 

knowledge, attitudes and practices of dairy farmers. Additionally, the research process 

became a social practice of scientific literacy for all participants.  

Keywords: Climate change literacy, vulnerability, community, outdoor science education.  

 

BACKGROUND 

The strategies of development implemented by worldwide have caused serious damage to 

environment and human communities so that such development is not sustainable any 

more. One of the educational priorities aims to help every human being to acquire 

knowledge, skills, attitudes and values necessary to shape the sustainable future. Hence, it 

is necessary to include a series of key issues on sustainable development into science 

education programs (both formal and informal education), such as, climate change, risk 
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reduction, biodiversity, and poverty reduction (UNESCO, 2007). According to Dillon 

(2012), the actual and potential impacts of climate change have caused a reconfiguration of 

policy agendas worldwide; as a result, climate change education will become a fixture in 

many education systems. In Mexico several programs and experiences outside classrooms 

have been implemented, including those organized by institutions other than schools, in 

order to mitigate climate change consequences. Research to understand the adaptative 

capacity of different communities has been undertaken as a part of national and regional 

studies to deliver relevant information for decision making. In this context the role of 

education has been central.  

This study aimed to: 

 Identify the conditions of vulnerability to climate change within a community 

dedicated to milk production in order to develop a project on climate change 

literacy and to increase adaptive capacity.  

 

THEORETICAL FRAMEWORK 

Climate change and vulnerability  

Climate change is widely recognized as the major environmental problem that the globe is 

facing and its local affectations are diverse according to natural, social and economic 

aspects of each community. Mesoamerican region is highly vulnerable to climate change 

due to causes such as sensitivity of ecosystems and biodiversity, economic dependence on 

climate-sensitive activities (agriculture, livestock), high levels of poverty, little information 

and research on and few proposals for adaptation (Gutiérrez & Espinosa, 2010).  

We define vulnerability as “conditions determined by physical, social, economic, and 

environmental factors or processes, which increase the susceptibility of a community to the 

impact of hazards” (UN/ISDR, 2004: 7). Vulnerability to climate change is associated with 

changes in climate (hazards) and can be counteracted by adaptive capacity in which 

education plays a key role. 

 

Climate change literacy 

For this study we used a sociocultural centered perspective -Vision II- (Roberts, 2007) 

based on the acquisition by individuals of scientific knowledge to be used in socially 

relevant contexts focused on citizen education. This perspective seeks to situate any 

definition of scientific literacy within the actions related to everyday life. This approach 

considers how literacy (climate change literacy) is relevant to particular tasks at hand in 

certain social contexts. Scientific literacy is a property of collective situations and 

characterizes interactions irreducible to characteristics of individuals. Science is not a 

single normative framework for rationality but merely one of many resources that people 

can draw on in everyday collective decision-making processes. It makes more sense to 

organize learning environments that allow students (participants) to become 
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knowledgeable by participating in and contributing to the life of their community, which 

has the potential to lead to lifelong participation and learning (Roth and Lee, 2004: 264). 

Climate change literacy is a part of science literacy, is an understanding of your influence 

on climate and climate’s influence on you and society. In this sense a climate-literate 

person: a) understands the essential principles of Earth’s climate system, b) knows how to 

assess scientifically credible information about climate, c) communicates about climate and 

climate change in a meaningful way, and d) is able to make informed and responsible 

decisions with regard to actions that may affect climate. In short, people who are climate 

science literate know that climate science can inform our decisions that improve quality of 

life (U.S Climate Change Science Program at http://www.climatescience.gov).  

 

METHODOLOGY 

The study area was the community of Encarnación de Díaz, Jalisco, Mexico, which ranks 

first in milk production. We used the Climate Vulnerability and Capacity Analysis (CVCA) 

methodology which allows us to understand the implications of climate change for a 

specific community. This methodology combines local knowledge with scientific data and 

provides a framework for dialogue between participants (university professors-researchers, 

students of a Master Program in Environmental Health, veterinarians and dairy farmers).   

We used semi-structure interviews and questionnaires to identify vulnerability issues 

through 5 aspects: a) general data (sex, age and schooling), b) knowledge about climate 

change, c) production practices, d) susceptibility of cattle to climate change and e) the 

economic situation.  

61 dairy farmers were interviewed, and the interviews were transcribed. The data analysis 

was supported by Maxqda, software for professional text analysis. Drawing from the data 

analysis, an environmental education program to promote adaptation strategies was 

designed and implemented. 

 

RESULTS  

The analysis of the interviews and questionnaires allows us to document the degree of 

vulnerability taking into account different aspects. As general data we identified the sex, 

age and schooling of the dairy farmers. We can see in figure 1, that 98% of the participants 

were male. On the other hand we can see in figure 2, that the average age is 51 years, but 

most of the dairy farmers are between 50 and 80 years old. The advanced age of the farmers 

represents part of the vulnerability, coupled with the absence of a new generation of 

replacement. Young people are not interested in pursuing livestock. 
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Figure 1. Participants´ sex Figure 2. Participants´ age 

 

Regarding the education of the participants it is characterized by a low level. Most of them 

are located in the items as: “without schooling”, “incomplete elementary school” and 

“elementary school” (see figure 3).  

 

Figure 3. Participants´ schooling 

 

Knowledge about climate change 

The identification of climate change literacy provided information that was organized into 

four main categories: a) evidences, b) definition, c) geographic location, and, d) 

information (see figure 4). The primary pieces of evidence of climate change mentioned by 

the dairy farmers were a notable increase in extreme events (mainly drought), temperature 
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increase and the change in the behavior of plants and animals. However, climate change it 

is hardly associated with human activity.  

Figure 4. Dairy farmers´ literacy about climate change 

Although 83% of dairy farmers have perceived changes in climate in recent years, human 

activity is rarely perceived as a factor that causes climate change. Farmers mentioned that 

these climate changes have been affected their activities and the main evidences are: 

Changes in plant (corn) and animal behaviors (cows) and increase of extreme events 

(drought).  However there is no clear idea about climate change; dairy farmers have not 

received specific information about how to act and how to adapt to climate change 

consequences. There are farmers that have never listen about climate change.   

 

Production Practices 

To score the production practices we applied a scale which comprised different areas: 

infrastructure conditions, monitoring systems and health of livestock production, systems 

of water supply and capacity to prevent damage. We conducted a series of questions with 

five answer choices in which the five amounted for the highest level of vulnerability and 

zero for the lower. The results are represented in figures 5, 6 and 7.  
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Figure 5. Vulnerability of infrastructure conditions 

 

Figure 6. Vulnerability of monitoring systems and health of livestock production 

 

 

Figure 7. Water supply systems and capacity to prevent damage 
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Susceptibility of cattle to climate change 

According to the dairy farmers, the health of their cattle has been affected by the 

temperature increase. Dairy cattle are highly vulnerable to the impacts of climate change. 

Since the state of comfort is between 5º and 16° C. The reduction in milk production 

usually begins between 27 and 29 °. 

In this sense, 87% of the dairy farmers commented that the health of their cattle has been 

affected by the temperature increase: “the increase in temperature affects the cows, causing 

something called heat stress and therefore they produce less milk". (Interview, 25). 

 

Economic situation 

Interviewees expressed that natural disaster such as drought result in food shortages and a 

considerable increase in prices on food for their cattle, as well as shortages in water supply: 

" Comparing to last year, corn has risen almost 100%” (Interview, 23);“deu to drought we 

have sold the 30% of our livestock”(Interview, 3). This phenomenon has led to the 

disappearance of small dairy farmers because they merely could not sustain their activity. 

Such problems and crises has encouraged farmers that are still in activity is organized as a 

group and build a sense of belonging. Interviews show strong sense of belonging and the 

identification with the group of "dairy farmers". Dairy farmers also express their big "love" 

for the activity: "we are all dairy farmers, my parents ... my grandparents (Interview, 52); 

"we have a lot of love for our activity”(Interview, 43). 

 

From diagnostic to the environmental educational program 

The data obtained provided accurate information which we used as guidelines in the design 

of the environmental education program. The educative materials were designed to attend 

aspects previously identified as vulnerable. We designed a manual with illustrated texts 

which provided specific information about climate change and the ways it affects milk 

production, and describes adaptation strategies to be implemented in order to improve 

production practices and health care in cows (see figure 8). Each strategy was described 

accompanied by its implications and advantages. We also produced a multimedia material 

(video) that presented testimonies of dairy farmers about their problems. This video also 

offered several options for adaptation. These materials have been used to develop a series 

of workshops in the community. 
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Figure 8. Working sessions with dairy farmers as part of environmental educational 

program 

 

CONCLUSIONS 

The study allowed us to help dairy farmers identify their areas of greatest vulnerability. 

They also were able to know adaptive options to be applied for both individual and group 

levels. Dairy farmers increased their knowledge about the issue under consideration and 

improved their production practices. 

Additionally, the research project and the education program within and for the community 

turned out to be: 

 An opportunity for collective participation and interdisciplinary work.  

 An alternative solution to environmental and health issues that require priority 

attention. 

 A collective practice of scientific literacy. 

 A link between school and community, and between science and society. 
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Abstract: Our present disposition to value wilderness is a consequence of its rapid 
disappearance. An awareness of nature conservation is also a relatively recent 
phenomenon in Malta. Malta is a small archipelago that possesses limited endemic 
wildlife and over a third of its surface area is occupied by building.  The educational 
potential and role in biological learning of dioramas has been, quite recently, 
documented by various researchers (Ash, 2004; Piqueras et al., 2008; Reiss & 
Tunnicliffe, 2007; Scheersoi, 2009; Tunnicliffe, 2005). Children stop to observe the 
exhibits, notice the different forms of animals and plants, the anatomical features of 
each organism and possible relationships between animals and plants or animals and 
animals. The child forms his or her concept of wildlife in general and more 
specifically a concept of the particular wildlife in the exhibit. At dioramas, children 
construct their own personal knowledge or mental model. Children's attention is 
captured by particular features in natural history dioramas, where they pause and start 
to interpret what they see. Three grade 5 classes (63 pupils) composed of 9-10 year 
old primary students visited the Natural History Museum of Malta. After the diorama 
observation, the pupils were given boards to produce a drawing of their favourite 
diorama on A4 paper using HB and coloured pencils. Drawings were analysed using 
Altas.ti based on the NCT model of qualitative data analysis, where the three basic 
components are noticing things, collecting and thinking about things (Friese, 2012: 
92). Results show which dioramas capture the children's attention most. Also, which 
features in the dioramas are espressed in the drawings, particulary the animal types 
and physical features selected. Children explain their choice of diorama and influence 
on drawing as well as the limitations encountered while drawing. 
Keywords: Dioramas, Drawings, Mental model, Visualization, Wildlife.  

Strand 9 Environmental, health and outdoor science education

1587



 

INTRODUCTION 
The concept of nature conservation is relatively recent.  Historically, nature has been 
viewed by some as forbidden wilderness. Those who considered nature as powerful 
and dangerous wilderness thought of it as a phenomenon to be tamed. Our present 
disposition to value wilderness is a consequence of its rapid disappearance and the 
desire to have those areas available to us along with those areas we have tamed all too 
well (Moran, 2006: 59).  Economic growth onslaught on the natural reserves is 
seriously threatening the biodiversity (Harding, 2006: 231).  The young generations 
are engrained in consumerism and they need a greater appreciation of nature to try 
and balance their consumerist drive with nature conservation.   

In his best seller, Last Child in the Woods, Richard Louv (2008) calls the lack of 
nature in the lives of today's ‘wired’ generation as ‘nature-deficit’ and links it to some 
of the modern negative childhood trends, such as the rises in obesity, attention 
disorders, and depression.  Emerging body of scientific evidence indicates that direct 
exposure to nature is essential for physical and emotional health (Louv, 2008: 35).  
North Carolina State University professor, Robin Moore holds that primary 
experience of nature is being replaced “by the secondary, vicarious, often distorted, 
dual sensory (vision/sound only), one-way experience of television and other 
electronic media” (cited in Louv 2008: 66). Natural settings are essential for healthy 
child development because they stimulate all senses and integrate informal play with 
formal learning (Louv, 2008: 86).  

Malta is a small archipelago that possesses limited endemic wildlife and over a third 
of its surface area is occupied by building.  There are no zoos or proper animal parks 
with a variety of animal species. The only places to watch live animals on display are 
farms, two aviaries, two bird sanctuaries, a petting farm and isolated public places that 
house one or two specimens such as a lama or a kangaroo.  In such a situation, 
dioramas are particularly valuable for the urban community to be able to see and 
possibly understand the diverse habitats with the various indigenous organisms that 
live within (Tunnicliffe, 2005:30).   

THEORETICAL FRAMEWORK 
The sociocultural and the constructivist frameworks inform my research here. Lev 
Vygotsky’s sociocultural model of learning is based on learning and child 
development as they are affected by social and cultural factors.  In social 
constructivism personal learning is controlled by knowledge and practice structures 
that already exist and are culturally defined.  On the other hand, Piagetian 
constructivist theory of learning holds that children, with their internal processes, 
‘actively’ construct their knowledge of the world. In the Piagetian personal and 
cognitive dimension it is the individual creation of knowledge and construction of 
concepts that prevail, while in the social dimension as explained by Vygotsky and 
Driver it is the importance of the group, for the development and validation of ideas, 
which is stressed (Sjøberg, 2010: 485-490). 
Although constructivism and socioculturalism may be considered to have distinctly 
different histories and philosophies, the merging of these two perspectives is gaining 
ground. Learning in a constructivist manner may be understood as the building and 
refining of mental models, however also acknowledging the importance of social 
interaction in developing these models.  The link between constructivism and socio-
cultural theory is interesting due to its potential to explain children's development of 
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knowledge in terms of its individual and social construction under the influence of 
social and cultural practices (Jaworski, 1996: 6). 

Mediated action is central to a sociocultural approach to learning.  Action differs from 
behaviour, in that action refers to the intentional and purposeful, while behaviour also 
includes the subconscious and reflexive. Mediated action is action that results from 
the interplay of the intra-mental and the inter-mental planes, the self and another mind 
or a tool.    We initially have experiences in an external social setting and in 
cooperation with other people on the inter-mental plane.  We then individually 
internalize these experiences on the intra-mental plane.  The social context comes 
first, and then learning can take place within these contextual boundaries (Scott 
Frisch, 2011: 28; Leach&Scott, 2003: 99; Phillips, 2011: 109). 
As meaning is constructed in and through culture, meaning is influenced by our place 
in history and our own culture (Hooper-Greenhill, 1999: 13). The brain processes 
information on the basis of already existing ‘schemata’ or mental knowledge maps. 
As each person has their own mental maps of knowledge depending on their prior 
cultural and biographical experiences, each person will process new matter in ways 
that are specific to them as individuals.  The construction of meaning is partly shaped 
by prior knowledge and experience, and by how the past is related to the present 
(Hooper-Greenhill, 2000: 118-119).   
The educational potential and role in biological learning of dioramas has been, quite 
recently, documented by various researchers (Ash, 2004; Piqueras et al., 2008; Reiss 
& Tunnicliffe, 2007; Scheersoi, 2009; Tunnicliffe, 2005).  Children stop to observe 
the exhibits, notice the different forms of animals and plants, the anatomical features 
of each organism and possible relationships between animals and plants or animals 
and animals.  The child forms his or her concept of wildlife in general and more 
specifically a concept of the particular wildlife in the exhibit. At dioramas, children 
construct their own personal knowledge or mental model. Children’s learning about 
animals may be investigated by examining the mental model, that can be expressed in 
drawing.  
Children’s attention is captured by particular features in natural history dioramas, 
where they pause and start to interpret what they see.  Such situational interest is 
central to learning, particularly in non-formal learning environments where visitors 
may be regarded as free learners (Scheersoi, 2009: 10). Objects of interest can be a 
concrete thing, a topic, a subject-matter or even an abstract idea. The POI theory 
approach is based on “person-object-relation” characterized by feeling and value-
related aspects (Krapp, 1999: 24). 

The educational potential and role in biological learning of dioramas has been, quite 
recently, documented by various researchers (Peart & Kool, 1988; Ash, 2004; Insley 
2007, 2008; Piqueras et al., 2008; Reiss & Tunnicliffe, 2007; Scheersoi, 2009; 
Tunnicliffe, 2002, 2005 & 2007).  The term constructivism currently features in a 
wide range of educational literature and it has been given an array of different 
interpretations. In summary, constructivism is based on the notion that each individual 
constructs a unique picture of the world.  The person must go through a mental 
process to be able to interpret and make sense of surroundings (Gatt & Vella, 2003: 
4).  Educational constructivism has two aspects; the personal and cognitive dimension 
as given by Piaget and the social dimension as explained by Vygotsky and the late 
Driver (Sjøberg, 2010:485-490).  
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As a constructivist one could set out to see how the child constructs knowledge about 
animals and plants through interactions with wildlife dioramas.  Children are allowed 
to interact with the dioramas.  They stop to observe the exhibits, notice the different 
forms of animals and plants, the anatomical features of each organism and possible 
relationships between animals and plants or animals and animals.  The child forms his 
or her concept of wildlife in general and more specifically a concept of the particular 
wildlife in the exhibit.  The constructivist approach would be to elicit the concept 
formed.  At dioramas, children construct their own personal knowledge, but they also 
construct knowledge as they interact with the exhibits in a sociocultural context. 
Children’s learning about animals may be investigated by examining the mental 
models revealed through their talk and drawing when they come face to face with live 
or preserved animals.  The mental model is the person’s personal knowledge of the 
phenomenon.  This knowledge will in certain aspects bear similarities and in others 
differences to scientifically accepted knowledge, which in the case of this thesis is the 
appearance of the organisms and their ecological habitat (Reiss & Tunnicliffe, 1999: 
142). The features that capture children’s attention may be revealed from the child’s 
representations of the authentic specimens as constructed through the interrelation 
between the real object, mental model and the representation (figure 1) (ibid). 

 
Figure 1. Interrelation Between Real Object, Mental Model and Representation. 
 

The representations may be written descriptions, verbal descriptions, drawings or 
three-dimensional models.  In this context, observation emerges as an essential skill 
for scientific learning, which is here understood to mean active looking in search of 
understanding (Tomkins & Tunnicliffe, 2006: 9).  Tomkins and Tunnicliffe are 
particularly concerned that present day science education is lacking observation skills 
in biological sciences and stress the importance of the skill.  

Most of the methods employed for gathering information on pupils’ understanding of 
scientific phenomena rely mainly on speech and writing.  Very few empirical studies 
have made use and evaluated the potential of drawings in elucidating scientific 
understanding.  This is not to state that drawing is necessarily superior to other means, 
but it does have advantages.  One is the relative ease of obtaining a rich mass of data 
that related to the children’s mental models.  Another is the international suitability of 
drawing that transcends the huge diversity of languages (Reiss et al, 2002: 59).  
Drawings may be as rich a source of evidence as language and open a window on 

Real Object 

Mental model 
held by child 

Child’s 
representation 

(adapted from Reiss & Tunnicliffe, 1999: 143). 
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children’s thinking in all curricular areas.  It may also serve as an alternative to verbal 
expression for children that are often able, through drawing, to show things that they 
cannot put into words (Lewis & Green in Bowker, 2007: 79).  However, finished 
drawings cannot portray the thinking, talking, social interaction and mark-making 
sequences that form a fundamental part of the process (Coates & Coates, 2006: 222).  
Drawings may also provide insights into children’s cognitive, affective and social 
development (Bowker, 2007: 79).   Unfortunately, schools tend to suffocate children’s 
natural inclination to use drawing as a mode of thinking and learning.  Many teachers 
consider drawing a minor communicative tool, secondary to writing and speech 
(Anning, 1997: 219). 

Children possess great capabilities in communicating through drawing that enable 
them to overcome language barriers (Mavers, 2003).  Drawings together with 
interviews can efficiently and effectively reveal what children have acquired from the 
exhibit through their mental model.  Most children will draw when encourage to, but 
there will always be individuals who will find it hard to do so.  Some will need to be 
assured that we are not after high quality artistic or design artefacts.  Normally, people 
like to draw and children are less inhibited than adults when asked to draw something.  
Adults are more likely to say that they have never been able to draw.  However, 
drawing is not a problem free activity.  Piaget and Inhelder have shown that there are 
performance problems associated with drawing (Piaget & Inhelder, 1967 :71).  
According to Goodnow (1977) drawing comprises a problem-solving process for 
children, rather than a test of their knowledge (pg. 85).  

Different forms may represent objects equally well if representation really deals with 
the creation of equivalences for objects and events.  This could account for the wide 
range of individual variations that are observed in children’s drawings. 

“There are, however, distinct limits to the representational equivalences 
children create, and their drawings are constrained by their as yet limited 
exploration of the medium and of the objects they wish to portray” 
(Golomb, 2004: 360). 

 

METHODOLOGY 
Most of the methods employed for gathering information on pupils’ understanding of 
scientific phenomena rely mainly on speech and writing.  Very few empirical studies 
have made use and evaluated the potential of drawings in elucidating scientific 
understanding (Haney et al, 2004: 248).   Drawings may be as rich a source of 
evidence as language and open a window on children’s thinking in all curricular areas.  
It may also serve as an alternative to verbal expression for children that are often able, 
through drawing, to show things that they cannot put into words (Lewis & Green in 
Bowker, 2007: 79). 

Three grade 5 classes (63 pupils) composed of 9-10 year old primary students visited 
the Natural History Museum of Malta.  Following a short briefing, children we 
allowed into the diorama area in groups of four to observe each of the five dioramas 
always in the same order.  They were asked to look carefully and discover as many 
animals and plants as they could.  After the diorama observation, the pupils were 
given boards to produce a drawing of their favourite diorama on A4 paper using HB 
and coloured pencils.  This drawing was done in the bird hall just outside the diorama 
area.  Each pupil had the opportunity to explain the content of his or her drawing 
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during an interview help at school a week after the visit.  During the interview, the 
children were asked to explain the content of their drawing. They were asked to 
mention influences on their choice of drawing and any other features they wished to 
include. Pupils were also encouraged to comment on features they felt were important 
to them.   Each answer or comment made by pupils was attached to the respective 
drawing as a memo (short note in Altas.ti). 

Drawings were analysed using Altas.ti based on the NCT model of qualitative data 
analysis, where the three basic components are noticing things, collecting and 
thinking about things (Friese, 2012: 92).  Drawings were very carefully and 
repeatedly examined to identify relevant features that were subsequently tagged with 
codes and memos added to record explanations given by the author of the drawing.  A 
coding method was developed for analysing the drawing, in principle similar to 
emergent analytic coding developed by Haney et al (2004: 252).  A list of features 
that the drawings contain was drawn; each feature was assigned a specific code.  The 
checklist was used to mark codes in each drawing generating a cumulative count.  
Main code categories, such as animal and plant, were assigned. In the case of animals, 
taxonomic sub-categories were added to better classify the organisms included.  Each 
animal included in the drawing was linked in the appropriate taxonomic sub-category 
for example mammal, insect or bird.  Sub-categories were not added to the diorama 
drawings since the organisms presented are pre-selected by the museum setting 
constructor and children were not free to include any organism they could recall.   A 
feature in a drawing was coded by first selecting it using the PC mouse and than 
tagging the selected area with the relevant codes.    
The selected area could include several codes and also memos. Memos contain 
information, which cannot be presented in drawing or is not evident in the graphical 
composition.  This information provides relevant details such as what influenced the 
child to draw that particular scene or the reasons for choosing to draw a particular 
diorama or for not drawing another one.  Memos are also useful to recount the 
sequential process of analysis.    
A diorama drawing is regarded as an expression of the children’s mental model of the 
particular diorama observed.  It was thus important to analyze the drawings in relation 
to the diorama they are representing.  This has important implications in relation to 
ideas about perception. The diorama drawings are scored on the number of animals, 
plants and physical features present in the diorama and included in the drawing.  The 
score was given by expressing the number of animals or plants drawn as a percentage 
of the total number present in that particular diorama.  Features in drawings were also 
scored in comparison to their position in the diorama and also recorded as a 
percentage.  The number of drawings in which all the features were sketched in the 
same place or in a similar position as that found in the actual diorama was also noted 
and recorded. 

ATLAS.ti offers the possibility of creating graphical networks. An ATLAS.ti network 
is the set of all objects and their links inside the Hermeneutic Unit (HU) and it is 
actually the logical structure of the HU's objects.  In contrast with linear, sequential 
representations such as text, presentations of knowledge in networks resemble more 
closely the way human memory and thought is structured. Cognitive "load" in 
handling complex relationships is reduced with the aid of spatial representation 
techniques.  ATLAS.ti uses networks to help conceptualize the structure by 
connecting sets of similar elements together in a visual diagram.  In the network view 
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it is possible to express relationships between the elements (codes, quotations and 
memos) that form the network.  The elements become nodes, which are any object 
that is displayed in a network view. It is possible to construct concepts and theories 
based on relationships between codes and memos. This process may uncover other 
relations in the data that may not be previously obvious and still allows the researcher 
to instantly revert to his notes or primary data. 

 

RESULTS 
The purpose of diorama drawings was to find out how the children perceived the 
diorama, what captures their attention and what they did not notice.  The Diorama 
hermeneutic unit (HU) included the 51 drawings created during the museum visit, 
meaning that the Diorama HU comprised 51 PDs (primary documents).   Analysis of 
these PDs generated 107 different codes, which were classified into the following 
categories: animal, diorama, ex-diorama, human construct, meteorological, non-
diorama, physical, plant, agrifield, bastion, rural yard and sand dune. 
From the 51 drawings produced only three did not show an animal, but 13 did not 
include a plant.  Five drawings did not show a diorama setting, but something else.  
Human constructions featured more frequently in drawings than plants.  Half the 
drawings show abiotic features and objects not present in the diorama settings.  Of the 
46 drawings (90%) showing a diorama, 17 show the Rural Yard, 12 the Agrifield, 12 
the Sand Dune and 5 the Bastion.  The valley floor setting did not appear in any 
drawing.  The rural yard was most effective in gaining the children’s attention with 
the largest number of features noted belonging to this setting.  The agrifield and sand 
dune were quite effective too, but least appealing were the bastion and the valley floor 
settings.  The trend of observing animals in preference to plants is also noted.  
Children’s drawings also contained animals (15), plants (8), meteorological (4), 
physical (2) and a human construct feature not present in any of the dioramas. This is 
evidence of the tendency to insert organisms or objects from outside the diorama (Ex-
diorama) into the diorama drawing. 

All drawings were also analysed for content in relation to the animals, plants and 
physical (abiotic) features as placed inside the diorama.  Drawings were scored on a 
scale from one to ten (1 – 10) expressing the number of drawn features compared to 
the actual number in the diorama and also their position in it.  Animal and plants 
scored rather low on quantity, physical scored higher while composition score was 
highest.  Few children (12%) include more than half the animals and plants in the 
diorama, while they tend to draw more of the physical features of the setting.  
Notably, 32 (70%) of the drawings (showing a diorama) display all items in the same 
place as they occur in the diorama. 
The interviews revealed some interesting points. Over half the pupils (53%) expressed 
difficulty in drawing features of the selected diorama, while a fifth (20%) said they 
required more time to conclude the job adequately.  Some children erased items from 
the drawing and drew few items since they did not have the confidence to produce a 
complete picture.     Two thirds (67%) drew their favourite diorama, 22% drew 
another diorama and the rest drew no diorama even though they had a favourite.  The 
reason for not drawing the favourite diorama was that the children considered it too 
complicated and difficult to draw and so they settled for a diorama that was easier to 
draw. 

Strand 9 Environmental, health and outdoor science education

1593



 

DISCUSSION 
The local habitat dioramas at the NHM in Malta are relatively small, placed in a 
narrow corridor with dim lighting and no panels.  In comparison to Natural History 
dioramas in Europe and North America, those in Malta would seem quite 
unimpressive.  Yet these dioramas attracted the attention of the visiting pupils who 
interacted with the exhibits actively.  The boys and girls shifted from one diorama to 
the adjacent ones, while noting and commenting on what they were observing.   
Certain features in the dioramas grab the children’s attention who stop and interpret 
what they see.  In this context, the dioramas may be considered a museum object 
described as an artefact containing animal and plant specimens in an ecological 
relationship.  To Hooper-Greenhill (2000) objects do not exist outside interpretations 
of their meaning and significance.  Their interpretation is rooted in existing 
experience and knowledge, while always being targets for feelings and actions 
(pg.104).  Person-object interaction leads to ‘situational interest’ that emerges in 
response to situational cues.  In non-formal, free learning environments this 
situational interest is vital to learning.  A more profound form of ‘individual interest’, 
that develops over time and exists within the person, may ensue from situational 
interest (Scheersoi, 2009: 11). 
Most of the pupils (90%) managed to draw a diorama, while only two did not have a 
favourite, which indicates that pupils were positively influenced by the exhibits.  The 
diorama as the object created the situational interest for the visit.  A familiar place 
with children is internal yard of traditional Maltese houses and this could explain why 
the Rural Yard featured most frequently (33%) in the drawings.   Children seem to 
notice most features (22) in the rural yard diorama.  However, the Agrifield and the 
Sand Dune were also commonly selected and represent two sites frequently 
encountered in the countryside and at the sea-side.  This is another indication that 
interest arises from recognition of the familiar.  It must be noted that choice of 
diorama was also affected by actual or perceived difficulty in drawing. It is crucial not 
to overlook the question of discrepancy between (cognitive) competence and 
(drawing) performance.  Piaget and Inhelder have shown that there are performance 
problems associated with drawing (Piaget, 1967 :71).  We also need to consider 
children’s growing control over visual resources and their feeling of confidence in the 
situation (Hopperstad, 2010: 432). 

The predominance of animals is clear with almost half the number of items in 
drawings coded as animals.  The general trend showing that animals are the most 
noticed and plants appreciably less was observed in each diorama type.  A good 
number (75%) of drawings featured a least one plant, but the total number of plants 
(19%) was half that of animals (46%).  The apparent child disregard for plants has 
been previously reported in literature. The findings seem to strengthen the view that 
plants are of no immediate importance to children (Bowker, 2007:91 & Johnson, 
2004:79).  They experience what Wandersee and Schussler (2001) refer to as ‘plant 
blindness’.  Human artefacts (man made structures) seem to be more important to 
children than plants.  The man made structures are quite prominent in the dioramas 
and so easily noticeable by the visitor.  Also most of these items are familiar to 
children such as the colourful Maltese fishing boat or the rubble wall.   

An interesting observation was that almost half (47%) the drawings contained a 
feature not present in the dioramas.  That is evidence of the tendency to insert 
organisms or objects from outside the diorama.  For example, the beach diorama 
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(showing the colourful boat) does not have a painted background of a blue sky with 
the sun and the palm trees, but the children drew them anyway. This study was 
conducted in Malta, an island where children are used to the predominant sunny 
weather with blue skies all year round and very limited cloud. It seems that the 
children produced a representation of a typical Maltese beach from their memory with 
the usual blue sky and the sun.   

Apart from content, the drawings were also analyzed in relation to diorama 
composition.   Composition refers to the degree of graphical closeness between the 
drawing and the actual diorama setting.  Most drawings contained a low number of 
animals and plants present in the diorama.    Few children included more than half the 
animals and plants in the diorama, while they tend to draw more of the physical 
features of the setting.  Children missed the less conspicuous biota or omitted what 
they could not draw.  There is a tendency to notice the larger animals or the unusual 
or unexpected.  

Notably, most drawings (70%) display all items in the same place as they occur in the 
diorama indicating an accurate spatial perception.  The viewing of the dioramas acts 
as a trigger for children to assemble their related memories about the topic and 
compile a personal representation of the topic.  In drawing, children record selective 
features that they find most relevant.   These are generally connected with their 
personal experiences of everyday observations of animals around, media 
representations and narratives.  Dioramas enhance situational interest when they 
induce emotional reactions and offer reference to allow different visitors to relate to 
prior experiences to the object observed. 
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Abstract: The paper presents a case on how people from different backgrounds work 

together in a school agroeocology project. This case study is part of a wider project 

within the European Comenius multilateral network CoDeS (Collaboration of schools 

and communities for a sustainable development), whose main objective is to foster 

school community collaboration for sustainability. In a little kindergarten and primary 

school from a small community, with only fifty students, we have been studying for 

four years the collaboration between the teachers, the students, the families and the 

neighbours around a school agroecology project. The key points of this collaboration 

have been the building of a physical space such as the vegetable garden, and the 

development of shared activities, where families, neighbors and students, learn together 

about gardening. The case study has been framed through the concept of boundaries, 

which the different actors have to cross for a successful collaboration. These boundaries 

are created because each community actor comes from different Discourse 

communities. Three parents and three teachers were interviewed, in order to identify 

what were the main visions about the project in the school. The results indicate that the 

vegetable school garden acts as a Boundary Object, an object that joins different actors 

of the community. We argue that successful collaboration between schools and 

communities for Education for Sustainable Development (ESD) depend on the skills of 

the different stakeholders to create boundary objects. The challenge for science 

education is to develop shared activities which are meaningful for different stakeholders 

and that are based on boundary objects.  

 

Key words: Education for sustainable development, primary science education, case 

study, parents’ involvement, vegetable school garden 

 

INTRODUCTION 

The paper presents a long term study in a kindergarten and primary school, in a little 

town, 60 km north from Barcelona. The school is called Valldeneu School and it has 

fifty students and five teachers. Since its foundation, the school wanted to involve all 

the community in everyday educational activities. In 2009 the school and the local 

administration which manages the environmental education program of this town 

decided to start collaborating in order to involve different actors of the community in 

the environmental education activities of the school. Monthly activities were designed 

and implemented and families, students and neighbors were invited to work together to 
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learn something about agroecology from a science education perspective, and to make 

some decisions about vegetable gardening.  

These activities were named shared activities (Amat & Espinet, 2012; Amat, 2012). 

This case study is part of a wider project within the European Comenius multilateral 

network CoDeS whose aim is to foster school community collaboration for 

sustainability. Two of CoDeS’ goals are to collect different European exemplar case 

studies which take into account the multi-stakeholders perspectives and to identify 

successful models of school community collaboration in ESD (CoDeS, 2012).  

 

RESEARCH QUESTIONS AND THEORETICAL FRAMEWORK 

The key idea of this project, and this research, is that the school can become a meeting 

point of different people who want to learn together about different topics, such as 

science or agroecology. From this approach we can expand the participation in the 

school towards different communities, for instance families and neighbors, besides 

teachers and students. All these people, who work together in the community (families, 

neighborhood, students and teachers), come from different Discourse communities and 

have their own Discourse (with Capital D) allowing the maintenance of their identity. 

This Discourse (D) is constituted by the ways people talk, read, write, think, value, act 

and interact with things or other people (Gee, 2004). 

This case study has been framed through the concept of boundaries and boundary 

objects. Boundaries can be understood in two different ways. On the one hand, a 

boundary is understood as a sociocultural difference leading to discontinuity in action or 

interaction. But, on the other hand, boundary suggests continuity in the sense that within 

discontinuity two or more sites are relevant to another in a particular way (Akkerman & 

Bakker, 2011). These discontinuities can be created for the differences among 

Discourses. Parents and neighbors who were involved in this project had to cross, a part 

from physical boundaries, social and cultural boundaries. In spite of the discontinuities 

that all community actors had to confront, the collaboration worked for four years 

(Amat, 2012).  

The main question of the study presented in this paper is: how are the people involved 

in school and community collaboration able to cross the boundaries which exist among 

different social worlds when participating in shared activities concerning agroecology 

and the vegetable garden?   

There are different models that explain how people from different communities are able 

to work together, despite “talking” different Discourses. One useful model is the 

boundary object, considered as “those objects that both inhabit several intersecting 

worlds and satisfy the informational requirements of each of them... [They are] both 

plastic enough to adapt to local needs and the constraints of the several parties 

employing them, yet robust enough to maintain a common identity across sites. They 

are weakly structured in common use, and become strongly structured in individual site 

use. (Star & Griesemer, 1989, p. 393)”. In addition to the three characteristics of 

boundary objects specified by Star and Griesemer (1989) such as plasticity, structure 

and meaning, Wenger (1988) adds a fourth one, modularity, which focuses on the 

people’s partial participation and task distribution.  
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METHODOLOGY 

The study reported in this paper has used a qualitative approach to orient data collection 

and data analysis strategies. Qualitative approaches emphasize the importance of 

defining the researcher role and participation in the case. The first author of the paper 

has been participating actively for four years as an environmental educator, hired by the 

local administration, to work within the school and to help the teachers to design the 

shared activities. During this time the researcher has conducted participant observation 

and has also conducted formal and informal interviews with the parents, the teachers 

and the neighbors.  

The main data of this study comes from six different interviews, which aimed at 

identifying teachers and parents’ perspectives on the following: (a) the main motivation 

in the implementation of the school vegetable garden project; and  (b) the goals and the 

role of each community actor when collaborating within the vegetable garden and the 

shared activities 

The interviews were conducted in 2009 just when the project started and the first steps 

of the collaboration were developed. At this time there were only four teachers in the 

school, and it was decided to interview the principal of the school, and the teachers who 

were responsible for kindergarten and primary classrooms. The parents were selected 

based on their implication within the school and interest in the project. Finally three 

teachers and three parents were selected and interviewed within the school building. 

Table 1 shows the characteristics of the interviewed teachers and parents. 

 

Table 1 

Interviewed Teachers and Parents Characteristics 

Interviewed 

subject 

School role Background characteristics 

Teacher 1 Music teacher  Male teacher from a Latin American origin 

with wide experience in rural education 

Teacher 2 Kindergarten teacher Female teacher graduated in humanities and 

experienced in natural therapeutics 

Teacher 3 School Head Female teacher graduated in foreign language 

teaching 

Parent 1 Coordinator of 

parents association 

Mother of two students and civil servant in 

the regional administration 

Parent 2 Member of the 

vegetable school 

garden commission 

Father of one student and graphic designer 

Parent 3 No school role Mother of one student and housewife 

 

The interviews were videotaped, transcribed and analyzed through a qualitative content 

analysis approach (Mayring, 2000). The main idea is that categories are in the center of 

analysis, and they have to fit the research questions as well as the data interpretation 

through a feed-back process. Data from each subject was organized in the following 
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three dimensions: (a) Vegetable garden as an agroecological space in the school; (b) 

Vegetable garden as an educational space in the school; and (c) Expectations about the 

other community stakeholders. Comparisons between the teachers and the parents were 

made so that differences and commonalities could be identified. 

 

RESULTS 

Teachers and parents hold similar as well as different views about the agroecological, 

educational and community value of introducing a vegetable school garden in the 

school through participating in shared activities.   

 

First dimension: Vegetable garden as an agroecological space in the 

school  

The first dimension deals with teachers and parents perceptions on the importance of 

building a vegetable garden in the school. The three parents and the three teachers share 

the same perception about what is the main aim of introducing a vegetable garden in the 

school. All of them mentioned that the most important aim is students’ learning.  They 

also share the idea that vegetable school gardens must be ecological and thus free of 

chemical products.  

“Other people have a vegetable garden to live, to collect, to sell, to make 

business, but we have a vegetable garden to see the process, and to collect 

things is just secondary…. If we get tomatoes it is good, but nothing happens if 

we do not get them” (Teacher 2) 

“I do not see the vegetable garden as something beneficial for me, to get profit 

from vegetables. I see the vegetable garden for children to manage, so that 

children learn gardening, they learn that if plants are taken care and watered 

they get fruits… independently that they eat them” (Parent 3) 

There have also been identified different aims held by individual interviewees. For 

example, one parent said that it was necessary to close the cycle of organic matter into 

the school, but this claim wasn’t shared by the other parents and teachers. Another 

example is supported by one teacher claiming the need that vegetable school gardens 

should be practical and not very demanding.  

 

Second dimension: Vegetable garden as an educational space in the 

school  

Second dimension is about teachers and parents educational approach when 

participating in vegetable school gardens. Teachers and parents show a wide range of 

different perceptions which have been classified in four sub-dimensions, inspired by the 

work of NAAEE (2012).   

Values  

The first sub-dimension refers to the importance of the values learnt through 

participating in the vegetable garden. Here, one parent and two teachers talked about the 

responsibility and respect. However, parents are more worried than teachers about 

healthy diet and food.  
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Methodology  

The second sub-dimension is about the teaching and learning methodologies that are 

important in order to build knowledge when participating in the vegetable garden. 

Interview data indicate that parents are not aware about teaching methodologies since 

they do not mention anything about teaching. This is not the case of the teachers who 

held different perceptions on what is the best kind of methodology. One aspect all 

teachers agree upon is the rejection of following traditional teaching approaches when 

participating in vegetable school gardens.  

Skills 

The third sub-dimension is about the skills that are necessary when working into the 

vegetable garden. In this dimension, we can see big differences between parents and 

teachers. On the one hand, teachers think that they can teach students about the 

scientific skill of observation. On the other hand, parents think that it is a good moment 

to learn how to manage the food garden.  

Curriculum 

The forth sub-dimension is referred to curricula areas that are important to study 

through the vegetable garden. Parents and teachers agree when they identify the 

curriculum areas of social and natural sciences as being the most important ones. The 

differences appear when they focus on specific aspects which include life plant cycle, 

organic matter cycle, and the origin of different products.   

 “I think you have a lot of material to teach natural sciences, right? I mean that 

if you need to study the plant you will go to the vegetable garden and you will 

observe the plant, right? And if you are in English you will call them tomatoes 

or whatever you want to call them… I mean you integrate everything to the 

extent that is possible”(Parent 1) 

 

Third dimension: Vegetable garden as a community space in the school 

Third dimension is about teachers and parents expectations on the different community 

actors involved in the vegetable school garden. We find that the most important 

participants, parents and teachers, have a well defined and agreed upon role in the 

collaboration.  

Parents, for example, think that teachers have the power to decide what are the contents 

and the most important processes to teach in the school. Therefore, their role is to help 

teachers when they decide to start a new school project, such as a vegetable garden. But 

the three parents emphasize the idea that they participate in the collaboration because 

they want to learn something about food gardening.  

On the other hand, teachers are viewed as either coordinators, because they have to 

coordinate the food garden project, and as facilitators, because they have to promote 

learning in the school.  

The role of the other participants, such as environmental educator and neighbors, is less 

defined. For example, in some interviews neighbors are considered as experts who can 

help teachers in the food garden management, in other interviews they are viewed as a 
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people who have to manage the food garden, and finally, they are viewed as people who 

can bring plants and seeds into the school.  

 

CONCLUSIONS 

This particular vegetable school garden can be understood as a boundary object, 

because it is recognizable as an object by every community actor, it sustains a main 

common motivation and it also allows the development of a new role in the 

collaboration.  

The vegetable garden is recognizable because all community members know what it is, 

know why it was built within the school, and can relate their own agricultural 

experience gained through life learning experience.  Although all community actors 

share a similar common goal such as learning through participation within the school 

vegetable garden, they also have different particular goals. Finally, the vegetable garden 

is strongly structured at the level of individual use since all community actors appear to 

know their role within the collaboration.  

We argue that successful collaboration between schools and communities for ESD 

depends on the ability of the different stakeholders to create boundary objects. Schools 

have difficulties to involve families and other community members within science 

education activities which are meaningful for the parents, the teachers and, most 

importantly, for the students. The case presented in this paper illustrates that school 

vegetable gardens can become a rich context, where different actors of the community 

work together in a science learning activity such as school agroecology.  
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Abstract: Two key elements of education for sustainability (EfS) are action-

competence, and the importance of place and experiencing the natural world. These 

elements emphasise and depend on the relationship between learners and their real 

world contexts, and have been incorporated to some extent into the sustainability 

cross-curricular perspective of the new Australian curriculum. Given the importance 

of real-world experiential learning in EfS, what is to be made of the use of multi-user 

virtual worlds in EfS? We went with our preservice secondary science teachers to the 

very appealing virtual world Quest Atlantis, which we are using in this paper as an 

example to explore the value of virtual worlds in EfS. In assessing the virtual world of 

Quest Atlantis against Australia’s Sustainability Curriculum Framework, many areas 

of coherence are evident relating to world viewing, systems thinking and futures 

thinking, knowledge of ecological and human systems, and implementing and 

reflecting on the consequences of actions. The power and appeal of these virtual 

experiences in developing these knowledges is undeniable. However there is some 

incoherence between the elements of EfS as expressed in the Sustainability 

Curriculum Framework and the experience of QA where learners are not acting in 

their real world, or developing connection with real place. This analysis highlights 

both the value and some limitations of virtual worlds as a venue for EfS.  

Keywords: Education for Sustainability, virtual worlds, action competence 

 

ISSUES IN EDUCATION FOR SUSTAINABILITY 

Central to current articulations of Education for Sustainability (EfS) is the notion of 

action-competence; that learning to implement real world actions is essential to a 

sustainable future (Jensen, 2002). Achieving sustainability requires socio-scientific 

understandings and pro-environmental attitudes to be translated to actions with 

beneficial consequences for our world. Action competence has been, at least on paper, 

integrated with the sustainability cross-curriculum perspective of Australia’s first 

national curriculum (Australian Curriculum Assessment and Reporting Authority, 

2012) via the underpinning Sustainability Curriculum Framework (Commonwealth of 

Australia, 2010).  

Australia’s Sustainability Curriculum Framework consists of three interrelated 

components, with the third highlighting the role of action-competence. These are: 

1. Repertoires of practice (world viewing, systems thinking and futures and design 

thinking) 

2. Knowledge of systems (ecological and human) 

3. Sustainability Action Process (making a case for change, developing the scope, 

defining the proposal, implementing, and evaluating and reflecting). 
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Another emphasis in EfS is the importance of nature experiences and connections to 

place; in helping children to appreciate biodiversity, the interconnectedness of life, 

and in promoting attitudes of environmental stewardship and pro-environmental 

behaviours (Bugeholz, 2006; Dillon et al., 2006). 

Both of these imperatives of EfS are linked by their emphasis on experiential learning 

in the real world, with students acting in and on their world and thereby developing 

the willingness and competence to act that will facilitate a more sustainable future. 

 

EDUCATION FOR SUSTAINABILITY IN VIRTUAL WORLDS?  

Given the importance of real-world experiential learning in EfS, what is to be made of 

the use of virtual worlds in EfS? Multi-user virtual environments (MUVEs) comprise 

3D graphical computer interfaces and chat tools that facilitate synchronous 

communication between multiple networked users represented by avatars (Dieterle & 

Clarke, 2009). A range of engaging, sophisticated and powerful MUVEs for 

educational purposes is emerging and becoming more widespread in schools (Hew & 

Cheung, 2010; Johnson, Adams, & Cummins, 2012). These educational MUVEs 

integrate strategies of online gaming and narrative with curriculum-based meaningful 

content, including science, socio-scientific issues and sustainability (examples include 

River City and Quest Atlantis).  

Clearly there are advantages of using virtual worlds for learning and teaching. 

Engaging narratives blended with curriculum content can immerse children in their 

learning, enhance the cross-curricular links so important in EfS and have provided 

documented learning gains in concepts relating to science and sustainability (Barab et 

al., 2007). From a more pragmatic perspective, real world field trips are increasingly 

difficult in schools in part because of transport costs and risk management compliance 

requirements – neither of which is a problem in virtual worlds.  

However despite these advantages the emergence of educational MUVEs poses 

important questions about the evidence-base of teaching EfS in virtual worlds, 

particularly its coherence with the action-orientation and connections to place and 

nature that are such strong themes in EfS research and practice.  

Hence this paper examines the coherence of one of the most appealing of the 

available educational MUVEs with an EfS perspective. Quest Atlantis (QA) is an 

educational curriculum-based 3D MUVE developed by Sasha Barab and colleagues at 

Indiana and now Arizona State University in the USA, and used in schools across 18 

countries (Atlantis Remixed Team, 2013) including Australia. It is a useful exemplar 

in considering the value of virtual worlds in EfS, because of its resonance with the 

ethos of EfS. For example, it is underpinned by familiar EfS themes such as “Social 

Responsibility”, “Environmental Awareness” and “Personal Agency”. In the QA 

narrative students exercise these social commitments while undertaking quests and 

missions to save Atlantis – ‘a beautiful blue-green world (not unlike our own)’.  

 

EfS in Quest Atlantis: Fit to Sustainability Curriculum Framework 

The potential of QA in EfS is explored below in relation to the three components of 

the Sustainability Curriculum Framework for the Australian Curriculum 

(Commonwealth of Australia, 2010). Because QA is such a vast learning environment 
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the discussion will focus on just one relevant component of this world; the Taiga 

Water Quality unit where students take on the role of scientists investigating the 

possible causes of declining fish populations in Taiga National Park, which also 

supports commercial fishing, logging and a small village of local inhabitants.  

Repertoires of practice (world viewing, systems thinking and futures and 

design thinking) 

World views that recognize and foster social justice and responsibility are core to 

many QA activities, including the Taiga unit where students need to ‘listen’ to and 

take into account the perspectives and values of very different stakeholders.  Systems 

thinking is core to the Taiga unit where students need to negotiate a complex 

environmental problem which has no clear cut single cause and involves interrelated 

social, economic and ecological aspects. Futures and design thinking is fostered by 

complex decision making, ideas and implementing changes in land use practices in 

the park to solve the identified problem. The ‘best’ solution to this socio-scientific 

issue is difficult to determine because of the complexity and ambiguity of the 

potential causes of the problem.  

Knowledge of systems (ecological and human) 

Ecological and human systems, and their interrelationships, are explored by learners 

in a range of sophisticated activities in QA, including in the Taiga unit. To solve the 

problem in Taiga National Park the students need to know about key health indicators 

of fresh water ecological systems, such as dissolved oxygen, turbidity, pH and 

nutrient loads, and how these might relate to land-use practices such as cropping and 

grazing animals near river banks, clearing trees and so forth.  At the same time the 

health of human systems must also be considered, including socio-cultural 

sustainability and employment prospects of different stakeholders. Students learn that 

decision-making in complex systems is difficult because of the multiplicity of options 

and a degree of uncertainty about potential impacts on components of the broad 

system. 

This issue, and many others in QA, parallels real-world problems, with the on-going 

water issues in the Murray-Darling basin of Australia a good case in point.  The 

quests provide engaging and powerful learning opportunities in assisting students to 

develop the conceptual and scientific understanding of complex systems and 

ecological relationships.  

Nonetheless, the ecological systems are mostly Northern Hemisphere landscapes, 

which bear little relationship to the Australian context (although as the interface is 

customisable this could be modified). On Ecology Island ‘questers find ways to 

celebrate the beauty of nature’, but it is difficult to see how these virtual experiences 

would assist Australian students in developing the deeply felt personal, emotional, 

and aesthetic connections to their own place and to their own ecological systems that 

are so important to pro-environmental attitudes and behaviours and that can be 

promoted by experiences in real world systems. Linking the virtual with the real in 

authentic ways customised to local contexts could go some way to ameliorating this 

problem. 
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Sustainability Action Process (making a case for change, developing the 

scope, defining the proposal, implementing, and evaluating and 

reflecting) 

QA aims at ‘inspiring a disposition towards social action’ and this action-orientation 

is expressed in its ‘personal agency’ commitment and in the requirement in various 

missions for students to decide on, implement and reflect on actions (Barab, 

Pettyjohn, Gresalfi, Volk, & Solomou, 2012). In the Taiga example, students 

implement the action they decide upon to solve the problem of declining fish 

populations.  They can also link this to actions in the real world.  

The action process in Taiga differs in important respects to that outlined in the 

Sustainability Framework. The steps in the Sustainability Action Process of explicitly 

making a compelling case for change, defining the scope for action that is informed 

by relevant information on resources and constraints, and agreeing on and 

communicating an explicit proposal for action are each very demanding tasks in their 

own right which need considerable teaching/learning focus and time, and which cross 

subject boundaries. For example. writing persuasive texts, argumentation, 

communicating scientific results clearly and debating/public speaking can all be 

integrated with the action process if taken to its logical end. These aspects of the 

Sustainability Action Process are not as evident in the Taiga unit as some of the other 

components of the process, but again with the customisable interface this gap could 

be narrowed. Aspects of some of the above are evident in other quests in QA.  

Similarly, the task of implementing actions in the real world is often more complex 

and difficult than in Taiga, fraught as it is with political and practical hurdles which 

must be overcome, and which supply students with an important part of learning how 

to take effective action.  The final aspect of the action process: reflecting on and 

evaluating the action taken, is arguably done more powerfully in QA than can be in 

the real world, as in an extension to futures thinking not possible in the real world, 

students can see first hand the long term consequences of their chosen actions via 

time travel. Students can learn the important lesson that actions can have unintended 

and unforeseen consequences in complex systems. 

 

CONCLUSIONS 

Notwithstanding the power of QA in many parts of the Sustainability Action Process 

outlined above, virtual actions have only virtual consequences, and the real world is in 

dire need of real action. A ‘disposition’ to action, desirable though it is, does not 

necessarily equate to action competence in the messy argumentative real world when 

dealing face to face with real people, power imbalances or conflicts, inertia, apathy, 

turgid bureaucracies and the other impediments to changing established practices.  

However, it must be acknowledged that action processes in real world school contexts 

often do not deal with these difficulties in meaningful ways either. Many examples of 

good practice do exist where school students undertake actions such as reducing 

energy footprint of schools, or increasing biodiversity, or enhancing water quality 

(e.g., Department of the Environment, 2013) but the problems addressed by these 

actions are often necessarily relatively narrow in scope and less complex than the 

interrelated issues in QA that reflect the complexity of many socio-scientific issues in 

the real world. One could question the extent to which planting trees or reducing 
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plastic waste in school grounds will allow students to develop action competence that 

takes into account the bigger picture of the systems in which we operate. Possibly a 

lot – possibly not, depending on how this is framed and integrated with other teaching 

and learning teaching activities.  

In the messy real world it is difficult for school children to investigate in depth the 

multiple components of the systems that support us, and even harder to take actions 

that consider the consequences across those components. Students are not often 

provided the opportunity to embed and consider their actions in a context that exhibits 

the complexity of interrelated variables and considerations as does the Taiga unit in 

QA. We argue that the virtual has enormous value in enhancing the bodies of 

knowledge related to ecological and human systems, world viewing, systems and 

futures thinking, and has an important place alongside but not instead of other 

teaching and learning experiences that connect students to their local places and to the 

natural world that supports them.  
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RELATIONAL AESTHETICS 

AND EDUCATION FOR SUSTAINABLE DEVELOPMENT 
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Abstract: Gregory Bateson pointed to aesthetics as a means to integrate diverse levels of 

mind.  For Bateson ‘mind’ included message pathways between ourselves and the world 

around us.  Thus, the integration he called for would strengthen our ability to consider the 

relationship to the environment.  In this paper I explore how we can devise art-based 

pedagogies in education for sustainable development.  Modernism doesn`t leave much room 

for Bateson`s proposal, with its elitism and objectification.  But there are new trends we may 

look to for inspiration, artists practicing responsive dialogue and compassionate action.  To 

make such practice feasible for students we may learn from art therapy and from material 

thinking.  While art therapy is concerned with the unconscious as a source for creativity, 

material thinking is dealing with the intelligence of materials.  Taken together art therapy – or 

psychological thinking as I call it - and material thinking may provide the foundation for an 

aesthetic suited for Bateson`s ‘mind’.  It is through a collaboration with the unconscious and 

with the materials in the act of expression that we can surpass what we know about an object 

and elicit a knowing of the being of the phenomenon in question and our relation to it.  This 

relational aesthetic offers a pedagogical strategy that makes practice with art media accessible 

to students who have no ‘mastery over’ but are willing to develop ’skills with’.  The 

experience of letting go of an in-order-to attitude and allow for a process of co-creativity in 

interaction with the environment is what this approach may bring to an education for 

sustainable development.  This coincides with Bateson`s proposal of art`s function “in 

correcting a too purposive view of life and making the view more systemic”.  

 

Keywords:  relational aesthetic, education for sustainable development, circular thinking, 

pedagogical strategy             

 

THE SCOPE 

I work in a pre-service science teacher education where the promotion of sustainable 

development is a core concern.  My paper is based on that work.  The question I pose is why 

and how we might conceive of aesthetics as a pedagogical strategy in an education for 

sustainable development. 

 

In elaborating aesthetics as a pedagogical strategy I will advocate the material practice of art, 

that is to say that students make art themselves and not just look at art others have made.  

Accordingly, I will point at perspectives and exercises that make art practice available for 

students without any prior art skills.   

 

THE PROBLEM:  LINEAR VS CIRCULAR THINKING         

As my starting point I take Gregory Bateson and his view of what has brought about the 

environmental crisis.  Writing in the sixties and seventies he foresaw this crisis (Bateson 

2000, originally published 1972) and according to him it is due to a failure in our thinking.  

The essence of the problem is that we think linear and not circular.  Our thinking has got to be 
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restructured, we need to learn to think in a new way.  But what do we mean by linear and 

circular thinking? 

 

Linear thinking:  If I am going to do or make something I may have a predetermined view of 

what it shall look like in the end.  I go straight ahead and carry out my intention with as little 

intervention from foreign factors as possible.  My action might be represented as a straight 

line. 

      
 

Figure 1.  Linear thinking 

 

Circular thinking:  Bateson said that to understand the consequences of what we do in relation 

to our environment we have to consider total and completed circuits of events operating in the 

actual case.  The relevant circuit Bateson called ‘mind’.  ’Mind’ is “the relevant total 

information-processing, trial-and-error completing unit” (p.466).  There are different levels of 

mind, conscious, unconscious and external.  And these levels of mind need to be in tune with 

each other. 

 

   
Figure 2.  Circular thinking 
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Shortcuts:  In real life we can rarely carry out our intentions as a straight line, undisturbed by 

unconscious or external forces.  And neither will we be able or willing to take into 

consideration whole circuits of events.  The most common case will probably be that we cling 

to a certain purpose, and will see only such small arcs of such circuits as are in accordance 

with what we want to attain in the end (pp.144-146).  So habitually when we proceed 

according to our preplanned actions we make shortcuts, and these shortcuts become serious 

because we leave out things that should have been considered. 

 

       
Figure 3.  Shortcuts 

 

PROPOSAL: RELATIONAL 

AESTHETIC 

To think more ecologically we need to 

integrate the different levels of mind.  

Bateson pointed at aesthetics as a possible 

means to such an integration because 

aesthetics “is concerned with the relation 

between (italics in original) the levels of 

mental process” (p.470). 

Aesthetics is a comprehensive field with 

many perspectives and trends.  Among 

these we have to find one that might suit 

the request from Bateson.  Bateson 

remarked that for art to play the role he put 

forward “the whole base of aesthetics will      Figure 4. Aesthetics as a means to integration 

need to be re-examined” (p.470).  And this  

is indeed the case if we look at modernism, which “emphasizes the alienated artist separated 

from the world and from any obligation to meaningful engagement with others” (Rug 2001, 

p.162).  Modern aesthetics excludes most people from making art; aesthetics is for the few, 

(hand)picked and gifted, while the rest stand there watching, with a disinterested gaze, 

actually without caring much about either what sort of art it is or what it portrays.  Such an art 

makes little relevance to an education for sustainable development.  We have to look for an 

understanding of art that is inclusive rather than elitist.        
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And we can find this in Gablik (1992).  She points in her book at new trends in contemporary 

art “that transcends the distanced formality of aesthetics and dares to respond to the cries of 

the world” (p.100).  She has researched artists whose distinguishing feature is an integration 

of responsive dialogue and compassionate action (p.149). 

Moon (2002) writes within the field of art therapy where one has long used artistic activities 

with people lacking any special training.  She refers to Gablik and develops her own criteria, 

some twenty-five questions, regarding a ‘relational aesthetic’ (pp.140-142).  According to 

these questions the value of art “lies in its ability to foster and deepen quality in terms of 

connections” (p.142).  Particularly one should strive “to connect authentically at an inward 

level and to externalize this authentic self through the form of artistic expression” (p.149). 

We notice that the first part of this definition (“to connect authentically at an inward level”) 

corresponds with the level ‘unconscious’ in Bateson’s model of mind, and that the second part 

(“to externalize this authentic self”) relates to the level ‘external’.  The third part (“through 

the form of artistic expression”) refers to what it is all about.  This means that relational 

aesthetic should be a relevant choice. 

 

TWO DIMENSIONS OF MAKING 

In what follows I will deal with two dimensions of making, the psychic dimension and the 

material dimension.  The material dimension has to do with our relation to the materials we 

use.  The theoretical foundation of this relationship Bolt (2006) calls ‘material thinking’.  The 

term itself she has taken from Carter (2004), while the content of her considerations is based 

on the philosophy of Martin Heidegger.  The material dimension and its theoretical 

foundation refer to the level ‘external’ in Bateson’s model of mind. 

The psychic dimension regards our relation to the unconscious and refers to the level 

‘unconscious’ in the model from Bateson.  As a term denoting the theoretical basis of this 

dimension I have chosen ‘psychological thinking’ as a parallel to ‘material thinking’.  

Psychological thinking is drawn from art therapy.   

 

Psychological thinking 

The underlying question in psychological thinking is whether I am prepared to enter into 

dialogue with my unconscious, or we could also say – my imagination.  I have drawn the 

potential circulation with the unconscious in the lower part of the figure.   

 
Figure 5.  Psychological thinking 
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Dependent on my responsiveness to the unconscious the outcome of the process will be either 

a diagrammatic image or an embodied image (Schaverien 1999).   

In the case of the diagrammatic image (pp.86-87) my intention is to reproduce a picture seen 

in my mind’s eye.  The motivation is to tell something I already know, I want to externalize 

the image so others can see it.  The picture I make will be an approximation of the 

preconceived mental image.  The diagrammatic picture stays within known territory.      

 

 
Figure 6.  The diagrammatic approach 

 

The embodied image, on the other hand, is born when I have no preconceived mental image or 

I give up my attempt to reproduce the preconceived image.  One might wonder, “what does it 

mean to get into a circulation with the unconscious?”  A circulation comes about if I let each 

step I take in a process of making be a question.  After I have posed the question I am ready to 

listen and to incorporate the associations I get.  If for example I make a stroke of my brush on 

the canvas I ask tacitly: “Like that?”  And from the look of the stroke I will get a response, a 

suggestion, in the form of a hint from my imagination of how to continue with a next stroke.  

So I let the marks I make suggest other marks which I work into what I have done so far.  

Thus I have a dialogue with my imagination.  The meaning of the picture emerges little by 

little.  “Th(e) picture comes to combine conscious and unconscious elements” and “transcends 

what is consciously known” (p.87).  Through such a process there is likely to come into being 

a sympathetic connection between the artist and the picture (p.92).     

 

 
 

Figure 7.  The embodied approach 
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An example of psychological thinking 

In our pre-service science teacher education we have a research group called ‘Art and science 

in education’.  Last year we had a seminar and I led the following exercise:  We engaged with 

the cardinal point ‘North’ - ‘What do we mean by ‘North’’?  A possible diagrammatic 

approach to this question would be to take the scientific understanding of north as the ground 

for departure:  We could think of north as a magnetic pole, which the compass needle points 

at.  On the basis of this we could make a drawing of north as an arrow pointing at an N.  It 

would be a fairly linear process with a common image of north in mind.  No new knowledge 

would come about and the draughts(wo)man would probably not care much about the sketch 

afterwards. 

The task in this exercise however was to make an embodied image, and I deduced the 

approach from London (2003, pp.211-218):  The underlying premise here is that it is possible 

to align our inner qualities with those of the outer world, and especially that there is a 

“parallelism between the powers of the cardinal points and those of humans” (p.214).  Thus 

these points have something to tell us (p.215).  The participants should make a personal 

encounter with the North, asking themselves questions derived from “What aspects of myself 

do I associate with North – what does North feel like to me - what powers, properties, 

phenomena and objects do I attribute to North?” (p.215). 

On beforehand each participant had put up a large sheet of paper on the wall.  And after the 

meeting with North the participants could choose between different sorts of media to make an 

expression of their experience.  Mostly they used acrylic paint.  They should each select a 

particular important correspondence between the inner and outer North as the starting point 

(p.216).  I told them not to try to convey a certain pre-conceived image but to go ahead by 

making some marks on the paper and then let the process lead.  In the photo below the 

participants have finished and put their paintings down on the floor.  The images are far from 

north associated with a compass needle. 

 

 
      

Figure 8.  Embodied pictures of North 
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Material thinking 

The underlying question in material thinking is whether I am prepared to enter into 

conversation with the materials.  This question implies that tools and materials are not just 

passive objects to be utilized instrumentally but may have their own ‘intelligence’ and be co-

creative in the process of making.  I have drawn the potential circulation one might have with 

the materials in the upper part of the figure.  

 

 

 

Figure 9.  Material thinking 

 

Dependent on whether I am ready to let the materials have their own say or not there will 

come about a poetic or an enframing process. 

The enframing mode goes back to a representational way of conceiving the world (Bolt 2011, 

p.10).  In representationalism the world is conceptualized and modeled (Bolt 2011, p.63).  The 

thing in question is thought before it is brought into seeing or being.  If I have a concept in 

mind I will tend to see only those parts of reality that are within the definition of the concept.  

I use the materials at hand instrumentally in service of the idea (Bolt 2006, p.1).  My intention 

will be to regulate, order and control the world (Bolt 2011, p.80).  I leave out of account the 

possible suggestions I can get from the materials and I see myself, the artist, as the sole 

creator of the work in progress. 

 

   

   
Figure 10.  The enframing mode 

 

In the poetic process, on the contrary, the work is made in response to the tools and materials.  

These are invited to participate in the forming of the product.  They thus become co-

responsible for what is created.  In this involvement with the tools and materials something 

new can emerge.  And there is likely to arise a concern for the thing made. 
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Figure 11.  The poetic mode 

 

An example of material thinking 

In teaching it is common to introduce a subject, a phenomenon or an object with the help of a 

definition.  Let us say the thing I want to bring in is blackboard chalk and that I am teaching 

teacher students who are not acquainted with this thing.  I might cite the definition of chalk, 

that is to say I represent the chalk by means of its definition: 

‘Blackboard chalk’ is a substance 

used for writing 

on rough surfaces 

primarily blackboards. 

This is a representational way of seeing chalk.  In this definition I might focus on the second 

line, “used for writing”.  In keeping with this part of the statement I take a piece of chalk and I 

write something on the blackboard.  Thus, I use the chalk in an instrumental way to achieve 

an end I have of writing entries.   

            

                     
 

  Figure 12.  An instrumental use        Figure 13.  A poetic approach 

 

But a piece of chalk may have other potentials.  I might direct my attention to the word 

‘substance’ in the first line of the definition.  Instead of using the chalk to write words I 

become interested in it as a material.  I go on to bring the chalk forth as itself, I stroke it on 

the blackboard so that it becomes visible as particles on the surface. 
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After having done this demonstration in practice I handed out a sheet of black paper and a 

piece of white chalk to each of the students in the pre-service science teacher training and I 

asked them to give birth to the chalk. 

 

What happens in such an exercise 

is that a lot of students start 

making an image of a known thing.  

In the picture on the left the 

student got into rendering a symbol 

of the heart. But when she does she 

becomes absorbed in making the 

image as nice as possible and she 

forgets about the material quality 

of the medium she uses.  There 

occurs a shortcut like that Bateson 

described:  Consciousness ceases 

to pay attention to the chalk as 

material and focuses solely on its  

Figure 14.  Rendering a certain symbol – the heart  own purpose.  The same will  

happen if the student gets caught in  

the desire to show herself, “look how good I am at drawing!”  She will be preoccupied with 

her own selfishness.  I therefore tell the students once more to concentrate on the quality of 

the chalk.   

 

In this picture we see the drawing of a student 

who right away got into the approach called for 

and she has succeeded very well in conveying 

many material aspects of chalk.  Only if the 

student manages to enter into a conversation with 

the chalk and to stay in this exchange will there 

be a circle of interaction.  So what is at stake here 

is the ability to stay open-minded and keep the 

dialogue.  The draughts(wo)man shall not master 

the chalk but be responsive to it.  Through the 

interaction the piece of chalk will make its 

contribution to the image, it becomes co-creative 

and co-responsible.  And the maker might 

develop care and concern for the chalk and for the 

picture. 

 

 

 

 

 

Figure 15.  Bringing forth chalk as itself 
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PSYCHOLOGICAL + MATERIAL THINKING 

Exercise:  Ecological thinking 

Time has come to combine psychological thinking and material thinking.  I do this in an 

exercise I call ‘ecological thinking’.  In this exercise the participants work in pairs. In each 

pair they have a common sheet of paper and some sticks of oil pastel.  Oil pastel has a 

somewhat greasy quality and with a stick in hand one might use as well the tip as the side of it 

and make a wide range of marks.  The participants in each pair take turns to draw.  They shall 

make only one mark at a time.  And when making a mark one shall have in mind both to bring 

the material forth and to invite the imagination of the partner.  The intention here is to 

establish a circulation involving consciousness, the unconscious and the materials. 

 

     
Figure 16.  Exercise in ecological thinking 

 

Even if I have stated this intention participants might proceed with a diagrammatic and an 

enframed process.  If for example one of them makes a line like that in the picture below left, 

the partner will guess that this is a request to draw a cat and she – or the two together - may 

continue the line as showed in the picture below right. 

 

 

             
 

Figure 17.  Ah: A cat?     Figure 18.  A cat! 
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But, again, in this way both the unconscious and the material are excluded from taking part in 

the process.  There will be shortcuts where the participants’ consciousness pay attention only 

to those signs relevant for drawing the contour of a cat.   

A mark like that in the picture below left, however, may arrange for an embodied and poetic 

process.  It makes visible aspects of the quality of the oil pastel and it invites the imagination 

to respond, as it gives no definite clues as how to proceed.     

 

 
   

Figure 19.  An open beginning   Figure 20.  An open dialogue throughout 

 

A pair of participants in a workshop I led made the picture above right.  They managed to 

keep an open dialogue and did not succumb to the temptation to introduce marks that would 

be easy for consciousness to interpret as parts of a known thing. 

 

Psychological thinking + Material thinking = Circular thinking  

We notice that psychological thinking as well as material thinking is concerned with the 

relationship between the artist and the process.  But in the description of what happens in the 

process psychological thinking tends to point inwards to the unconscious while material 

thinking tends to refer outwards to the materials.  To lay the foundation of a relational 

aesthetic in regard to Bateson`s notion ‘mind’ we need psychological thinking and material 

thinking taken together.  In combination they can explain circular thinking:   

The new that can originate in a process of making comes from a communication between the 

materials, the unconscious and consciousness.  Forms which the materials assume during the 

process may appeal more or less to the unconscious, and consciousness is able to listen to this 

if it has renounced its own plans.  Such a process thus involves a communication between the 

different parts of mind.  It is through a certain relation to the unconscious and to the materials 

that we can acquire knowledge in relation to the phenomenon we deal with. 
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Aesthetics as a pedagogical strategy   

We handle things all the time, but our handling tends to become habitual and a means to an 

end.  Art and aesthetics are unique in that they create an opening and provide a space in which 

we have the possibility to see through our relations. 

As the aesthetic outlined above offers a reconsideration of the human-world relation, it 

provides a key to developing an art-based pedagogy in education for sustainable development.  

The skill needed to take part in such an approach to art is not mastery over techniques and 

procedures, but the readiness to let the unconscious and the materials become co-responsible 

for what happens.  It provides an experience of the fertility of renouncing an in-order-to 

attitude for the benefit of co-creativity with the remedies at hand.  

 

CLOSING THE CIRCLE – BACK TO BATESON 

Going back to Bateson we note that such a pedagogical strategy is in tune with the art he 

claimed, one that “has a positive function (…) in correcting a too purposive view of life and 

making the view more systemic” (Bateson 2000, p.147). 
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Abstract: This study aims to provide new information on the contribution of Education for 

sustainable development (ESD) on grade nine students’ self-efficacy beliefs concerning their 

own ability and competence to contribute to sustainable development. Self-efficacy is a 

construct that theorists impute an important role upon as causation for action. A nationally 

representative sample of 2361 Finnish 9
th

 graders from 49 schools were, together with their 

subjects teachers (n=442) and headmasters (n=49) surveyed on issues relating to education for 

sustainable development, school culture and teaching approaches. A combination of 

exploratory and confirmatory factor analyses was used to test construct validity of the 

instrument. Multilevel regression models were used to explain differences in students’ self-

efficacy beliefs concerning sustainable development. Results show that individual level 

variables (biocentric values, interest in sustainable development, knowledge about 

environmental issues, and experiences with sustainability at school) explained most of the 

variation in students’ self-efficacy. Furthermore, the results show that if schools score high on 

school culture indicators for implementation of sustainable development, and for internal 

cooperation and cooperation with external bodies, their students will show a higher self-

efficacy. Finally, the results also show that teachers can directly increase their students’ self-

efficacy through inquiry-based and interactive teaching methods. These results illustrate that 

teaching approaches and school culture can enhance students’ self-efficacy beliefs in 

ecological sustainable behaviours, and thus that schools can be effective actors in sustainable 

development. 

Keywords: ESD, self-efficacy, 9
th

 graders, school culture, multilevel regression analysis 

 

INTRODUCTION 

According to the basic report of Brundtland in 1987, the general aim of sustainable 

development is to direct human activities so that it is possible to satisfy the needs of the 

present generations without compromising the ability of future generations to satisfy theirs. 

Because ecological, social, cultural and economic sustainability dimensions have to interact 

constructively, sustainable development is a challenge for all people, organizations and 

societies. Achieving a sustainable future requires aware, critical and active citizens, who are 

ready to meet multifaceted problems and conflicts, co-operate and able to combine theoretical 

knowledge with practical innovations and ideas. Education for sustainable development 

(ESD) is a crucial instrument in achieving these goals (Breiting, Mayer & Mogensen, 2005). 

A central issue in the debate on the effectiveness of ESD is the ultimate outcome of ESD-

efforts. Many scholars agree that behavioural choices at the individual level are among the 

important outcomes of ESD, and much effort has gone into explaining why different 

individuals behave differently. Elaborate theoretical models have been built to predict one’s 

sustainable behaviour and in recent year attention has turned to the behaviour of the decision 
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makers of the future: students in secondary education.  A central concept in behavioural 

literature, that has not yet got the attention it deserves within research on ESD, is that of self-

efficacy. Bandura (1997) describes self-efficacy a person’s belief in his/her ability to succeed 

in a particular situation. In the model of environmentally responsible citizenship, often used in 

the studies of environmental education, the empowerment, the belief of one’s abilities to act 

for the environment, has been regarded to be an important variable to predict pro-

environmental behaviour (Hungerford & Volk, 1990). 

For ESD, a self-efficacy could be defined to be a personal belief of one’s ability to act 

sustainable way in her/his own life, such as commit ecological  and economic sustainable 

behaviours, for instance sustainable consumption and energy use or acting for environmental 

preservation in one’s own organization. More human-centred behaviours of sustainability 

skills are abilities to act for social and cultural sustainability, such as being aware and 

accepting social fairness and equality, and acting for the fulfilment of these goals in one’s 

own life and as a member of an organization, such as a student in the secondary school. One 

important learning goal for the students is to understand the complex relations between 

different sustainability dimensions and have willingness and abilities critically and 

constructively discuss and present suggestions for challenging economic, ecological and 

social problems, locally and globally. 

The self-efficacy of Finnish 9th graders, regarding their ecological sustainable behaviour is 

the central issue of the current paper. In this study we will focus on what explains differences 

in students’ self-efficacy. Many studies in the domain of environmental education and 

education for sustainable development have focused on the individual as the primary level of 

measurement. Individuals, however, operate within social structure; they are part of a social 

context. People are born into, and grow up in a cultural setting, that provides experiences and 

shapes the attitudes and behaviours (Giddens, 1997; Boeve-de Pauw & Van Petegem, 2010). 

Instead of just considering the individual in it, a better level of measurement would therefore 

be the individual within its context. In this paper we move away from the individualistic 

approach and place 9
th

 grade students within the context of their school. At the school level, 

specific attention goes to the contribution elements of teaching approaches to ESD and of the 

schools’ action culture have to students’ self-efficacy. 

Personal and school level variables are likely to influence students’ self-efficacy beliefs on 

their readiness to take sustainability in to account in their own life. In general, values, 

attitudes and norms are important predictors of any eco-sustainability behaviours (Milfont & 

Duckitt, 2010). In the studies of environmental values, biocentric and utilistic nature value are 

often considered. Biocentric nature value refers to willingness to the preservation and utilistic 

nature value to the tough utilization of natural resources (c.f Bogner & Wiseman, 2006). 

School education provides students learning experiences which encourage them to ponder 

sustainability values, knowledge and skills, the modes of which are written to the conscious or 

unconscious curriculum of the school. To find out the relative role of sustainability school 

education in influencing students’ self-efficacy beliefs regarding students personal factors, 

which in turn are affected also by many out-of-school influences, it is important to study the 

relative role on individual and school level factors simultaneously. 

ESD has holistic goals, many of which are value-laden. The goals of ESD have been included 

into the school curricula of countries word-wide. The effectiveness of sustainability 

education, however, has been poorly researched and weakly evidenced (Tilbury, 2011). One 

important aspect in ESD research is to identify and analyse the evolving contribution of ESD 

in the educational community. To act for a sustainable future, ESD is in key position. 

However, there is no such thing as ‘the’ correct interpretation of or approach to ESD. 
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According to UNESCO, ESD should deal with environmental, societal, cultural and economic 

issues both from a local and a global viewpoint. Pedagogically, the evolving nature of the 

concept of sustainability and participatory learning, and higher-order thinking skills are 

emphasized. The nature of ESD is interdisciplinary and formal, non-formal and informal 

learning environments are used to build ecological, social, cultural and economic 

sustainability skills for students to make informed decisions and to act for a sustainable 

future. ESD requires a whole-school approach, including students’, teachers’, principals’, and 

other school staff’s co-operation within and outside the school (Henderson & Tillbury, 2004). 

The success and learning of any organization is based on the action culture, values and norms 

which the organization follows. School culture can be defined to be formed of the basic 

assumptions, norms and values, cultural artefacts and practices that are shared by school 

members (Schein, 1985; Maslowski, 2001). According to them, the cultural elements of a 

school can be described as three different levels depending on their visibility within the 

school and their consciousness among the school staff. On the first level, teachers’ basic 

assumptions deal for instance with the nature of reality, human being and human activity. 

Basic assumptions are taken for granted, they are invisible and preconscious. On the second 

level there are values, norms are beliefs on what is good, right or desirable, and the teachers 

are more aware of these beliefs than on the basic assumptions. For instance, teachers may 

agree that teaching on recycling is important part of ESD at school activities. The third level 

consists of artefacts and practices, reflecting the way how the basic assumptions, values and 

norms turn up in the school culture. For instance the myths and symbols that are often 

presented in the school are cultural artefacts that reflect assumptions, values and norms, and 

they serve as role models for the teachers. In schools, the practices are behavioural patterns 

reflecting the underlying more or less conscious cultural elements. As for ESD, for instance 

Green Flag may present a sustainability artefact and ecologically responsible behaviour the 

practice that reflects schools commitment to sustainability. 

The whole-school approach to sustainability is a forward-looking task, and it requires the 

cooperation within the students, teachers and other staff groups, as well as cooperation with 

actors outside the school (Henderson & Tillbury, 2004). School culture may promote for 

instance cross-curricular themes, use of different learning environments and the internal and 

external cooperation emphasized for instance in the national curriculum of basic education. 

The whole-school requires the cooperation within the school pupils, teachers and other staff 

groups, as well as cooperation with actors outside the school (Henderson & Tillbury, 2004). 

Understanding school culture is related to the process of change and headmasters’ role as an 

important person in this process (Flores, 2004). 

Rationale and purpose 

During the last decade, research on ESD based on large surveys has gradually increased. To 

be able to study and compere the level of sustainability culture in the school, the development 

of ESD indicators are in essential role (Tillbury, 2007). For instance as a part of international 

ENSI network, Breiting, Mayer & Mogensen (2005) developed quality criteria for ESD 

schools. Their criteria falls into three different areas: Quality criteria regarding the quality of 

teaching and learning processes, the school policy and organisation and the school’s external 

relations, each of which are divided to smaller areas. The same kind of criteria can be found 

also for Green Flag schools and the curricula of schools emphasizing ESD in general. To 

integrate principles of sustainable development into the school's teaching and education as 

well as daily activities, it is necessary to assess the existing school culture and change it if 

needed. Understanding school culture is related to the process of change as well as 

headmasters and teachers role in this process. The aim of this study is to find out what are the 
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key factors for effective ESD at school with regards to stimulating students’ self-efficacy. The 

central research question for the current study is: 

What is the contribution of students’ individual level and schools’ level 

variables in students’ self-efficacy beliefs concerning ecological sustainability 

behaviours? 

At the individual level we try to explain, what is the role of students’ (a) school experiences 

with eco-sustainability, (b) interest in SD, (c) knowledge about SD, and (d) nature values on 

their self-efficacy beliefs to act ecological sustainable way. At the school level the aim is to 

explain the importance of (a) school’s sustainability action culture as reported by headmasters 

ESD actions and (b) teaching approaches by subject teachers. 

 

METHOD 

Students, teachers and headmasters 

To study factors behind secondary school students’ sustainability actions at secondary 

schools, a large scale research project was initiated in Finland in 2009. Students’ personal 

factors and school experiences, teachers’ sustainability actions as well as school culture 

managed by headmasters’ were studied in a large-scale survey. Three different types of 

questionnaires to survey the factors behind primary and secondary students’, teachers’ and 

headmasters’ sustainable actions were used (see for instance Uitto & Saloranta, 2010; Uitto & 

Saloranta, 2012). A stratified sampling method was used when collecting the nationally 

representative data in 2010. Altogether 49 schools returned questionnaires so that the 

response rate for headmasters was 91 %, for subject teachers’ 60 %, and for students 73%. 

The questionnaires contained sections to elicit responses from headmasters and teachers on 

items concerning management, implementation, and teaching of ESD at school. For students, 

independent variables such as nature values, interest in ecological sustainability issues were 

measured. Self-efficacy beliefs were tapped through items such as: What do you think about 

your skills to act in sustainable way? Choose the alternative you think best suits your opinion. 

I can by my own actions diminish my consumption of electrical energy (5 = excellently, 4 = 

rather good, 3 =middling, 2 = rather poorly, 1 = very poorly). 

Subject teachers’ questionnaire contained sections to elicit responses from teachers on items 

concerning actions and teaching on ecological, economic, social and cultural sustainability at 

school. They were asked for instance how often they used to carry out ‘whole-school 

approach’ actions, such as saving energy or materials at school, or considered different 

aspects of sustainability in their teaching. The commonness of different activities was rated on 

a five-point Likert-type scale: 5 = very often, 4 = rather often, 3 = sometimes, 2 = rather 

seldom, 1 = very seldom.  An exploratory factor analysis was used to identify the latent 

variables of the activities and teaching. Several factors that represent teachers’ own 

sustainability actions at school’s everyday live and the consideration of different 

sustainability dimensions in their teaching could be discerned. A more detailed description on 

the methods and results are presented by Uitto and Saloranta (2012). 

Headmasters were asked about how ESD was realized in their school’s culture. They were 

asked questions concerning leadership and management of ESD and how ESD was 

implemented during last three years at their schools. The background of these questions lies 

on international definition of ESD schools and especially Finnish scheme on “Sustainable 

development certification of educational establishments”(Laininen, Manninen & Tenhunen, 

2006;  Breiting, Mayer & Mogensen, 2005). Headmasters answered yes or no to the 
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statements concerning leadership and management situation at their school. They were asked 

for instance school’s ESD program and action plan and how responsibilities of ESD work was 

organised. The prevalence of implementing ESD themes at school was scored five-point 

Likert-scale: 5 = very often, 4 = rather often, 3 = sometimes, 2 = rather seldom, 1 = very 

seldom. The implementing items include 12 different themes of ESD for instance recycling 

and waste preventation, transports and traffic and cultural environment and traditions. All 

dimensions of SD were involved. 

In the current study, the students’ self-efficacy was the dependent variable. Other student 

factors were included as explanatory variables at the individual level. The teachers’ and 

principals’ factors were and included as aggregated explanatory variables at school level. 

Analytical approach 

Multilevel regression analysed were used to figure out the importance of individual and 

school level variables in students’ self-efficacy beliefs in ecological sustainability behaviours. 

The analyses were performed in several steps. Based on item configurations that were 

obtained through a combination of exploratory and confirmatory factor analyses in a previous 

study, factor scores were calculated and standardized. To study teachers and headmasters role 

in the multilevel analysis, school means for the variable items scores were calculated. Effects 

of independent variables on the dependent variable were assessed through hierarchical linear 

models (HLM). We performed the analysis in several steps, starting with the estimation of a 

zero model, which estimated the amount of variation in student self-efficacy at both levels 

(the individual and the school). 

The zero model allowed us to estimate the Intraclass Correlation Coefficient (ICC), which 

gives the proportion of the total variance that exists among groups. Next, the independent 

variables were systematically included in several consecutive models. First, a model with all 

individual level variables was estimated. We specifically opted for the random intercept 

model since our main focus is not on comparing the effect of the explanatory variables 

between individual schools, but across all schools in the sample. Then, the individual level 

variables were supplemented with the school-level variables. Again, we opted for the random 

intercept model. We report the deviance of each model, which indicates how well the model 

fits the data, and the number of estimated parameters (degrees of freedom). The use of the 

maximum likelihood estimation method, allows us to use the deviances to test whether a more 

advanced model fits significantly better to the data than a previous model that is nested within 

the more advanced model (Hox, 2002). PASW was used to perform the exploratory factor 

analyses and to estimate the multilevel regression models. The Mplus software package was 

used to perform the confirmatory factor analyses. 

 

RESULTS 

In the present study we focus on the results of the HML analysis. In the previous studies of 

Uitto and Saloranta (2010, 2012) result on the students, sustainability-related personal factors, 

such as values, attitudes, interests and school experiences are reported. The results of the 

HLM analyses are presented in the Table 1. The table includes only the zero model and the 

final model of the analysis. Furthermore, only variables which had a significant effect 

(expressed as β in the table) on the students’ self-efficacy are reported. At the individual level, 

the results show that girls have higher self-efficacy beliefs than boys. Also, having 

experiences in the wide domain of ESD seems to have a positive impact in students’ self-

efficacy. The results show that interest on and knowledge of ecological issues increase self-
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efficacy. The largest effect is observed for biocentric values: student who score 1 standard 

deviation higher on biocentrism, score 0.33 higher on self-efficacy. 

 

Table 1 

Effects (β) of individual and school level variables on 9
th

 grade students’ self-efficacy belief 

regarding ecological sustainable behaviour 

 Zero model Final model 

Intercept 0.000 -0.05 

Individual level variables   

Gender (reference is girls)  0.077* 

Sustainabilty experiences at school  0.216* 

Interest in ecological issues  0.190* 

Biocentric nature value   0.329* 

Knowledge of ecological issues  0.108* 

School level variables   

ESD teaching though inquiry  0.091* 

ESD teaching through interactive methods  0.053* 

School culture - Management : ESD program  0.054* 

School culture - Management : cooperation   0.052* 

School culture - Management : organization  0.094* 

School culture - Implementation: Ecological ESD  0.106* 

School culture - Implementation : Social ESD  0.059* 

Random   

Variance at individual level 0.955* 0.589* 

Variance at school level 0.045* 0.000 

R² individual level  0.38 

R² school level  1.00 

Deviance 6648.69 4816.752* 

Degrees of freedom 3 19 

Note. * p < .05 

As the focus of the current study is on the educational factors included into the model at 

school level, we do not go into detail on the individual level effects. Further research into 

their interconnectedness could include structural equation modelling. It is important, however, 

to note that by including the individual level variables, they are corrected for at the level of 

the school. School level effects are thus not due to uncontrolled for differences in students’ 

individual variables between the schools in the sample. 
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At school level, the HLM revealed that several of the included variables had significant 

effects on students’ self-efficacy. As for the teacher variables, inquiry-based teaching and 

interactive methods had both positive impacts on students’ self-efficacy beliefs in ecological 

behaviours. This is an important finding since it shows, that choices made by the teachers on 

their in class practice can contribute to ESD. The headmaster indicators of ESD that reflect 

management practices regarding the SD program, the internal and external cooperation and 

the organization of ESD, and the implementation of ecological and social aspects of SD in the 

school daily functioning impact positively on student self-efficacy. Overall, the model 

explains about 38% of the variance between individual students and all of the observed 

variance between schools. 

 

DISCUSSION AND CONCLUSION 

In this study we constructed a multilevel regression model that explains the contribution of 

both individual and school level variables on 9
th

 graders self-efficacy beliefs in ecological 

sustainable behaviours. In general, individual level factors are most important in explaining 

students’ self-efficacy beliefs in ecological sustainability behaviours in different schools. This 

is in accordance with a previous study of Uitto et al. (2011) who found that differences within 

the 75 Finnish schools were much larger than differences between the schools in ninth grade 

students’ biocentric nature value, attitudes towards environmental issues and interest in 

environmental issues. In that study the school explained 3-4 % of the total variance in 

different variables. This may indicate that students’ out-of- school experiences, such as 

parental influence and personal interest have strong influence on students’ environmental 

values, knowledge on and interest in ecological sustainability. Similar patterns on the schools 

differences were also found in studies on the effectiveness of eco-schools in Flanders (Boeve-

de Pauw & Van Petegem, 2011). 

Subject teachers’ contribution on the development of students’ self-efficacy was evident as 

the teaching approaches and working methods they used. As suggested for sustainability 

education (Henderson & Tillbury, 2004), inquiry-based and co-operative working methods 

were related to student self-efficacy beliefs.  Schools in which teachers teach ESD through 

inquiry and/or through interactive methods have students with a higher self-efficacy. These 

results suggest that teacher can impact on their students’ future behavioural choices relating to 

sustainable development. The results are in line with those of Coertjens, Boeve-de Pauw, De 

Maeyer and Van Petegem (2010) who used the nationally representative data of PISA2006 to 

illustrate the impact teacher can have, through their teaching methods, on their students’ 

environmentalism. However, there are likely to be more variability between different teacher 

groups, because in their study Uitto and Saloranta (2012) found that subject as such explained 

more about the variation of subject teacher connections to sustainability actions, than for 

instance the gender of the teacher. There were large differences for instance between the 

teachers in science, arts and crafts. Similar differences between the teachers were found also 

in a Swedish study (Borg, Gericke, Höglund & Bergman, 2013). 

Although school level variables explained much less than personal factors on students self-

efficacy beliefs on ecological sustainability behaviours, schools role cannot be neglected. The 

results showed that it is important for ESD that the school have made conscious decisions on 

sustainability education, which indicate that school has adopted the values, norms and 

practices of  sustainability education in their actions. According to Schein (1985) and 

Maslowski (2001), this implies that the culture of those schools, which have invested in ESD, 

may have changed its basic assumptions, norms and values, cultural artefacts and practices 

that are shared by school member in such a way that it has an influence to students’ self-
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efficacy.  In this case the school have made cultural decisions on their values, norms are 

beliefs on what is good, right or desirable, and they direct their goals and practices 

accordingly. The efforts, especially organizing ESD activities at school, co-operating within 

the school and implementing ecological and social sustainability activities for the students to 

experience will increase the students’ self-efficacy to act ecological sustainable way. As the 

results show, the headmasters' perceptions of certain distinct aspects of the school’s action 

culture relating to ESD have important effects of the students’ self-efficacy. Cooperation 

within and outside the school, participating in a formal ESD program and implementing both 

environmental and social practices on ESD into the school’s functioning all increase the 

students’ self-efficacy. As stated by (Flores, 2004), for the development of school culture the 

role of headmaster is important. 

In conclusion, the results suggest that the variables included into the model are important 

indicators of successful ESD in schools: both the school culture, as perceived by the 

headmaster, and the in class practice of teacher matter, when it comes to boosting ninth grader 

students’ self-efficacy in ecological sustainability behaviour. 
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REVIEW 

During the last decade various studies indicate persistently low and even declining 

levels of interest among young people towards science topics and related careers 

(Rocard et al., 2007; Falk & Dierking, 2010; Stocklmayer et al., 2010). These findings 

raise serious concerns for the future ability of Europe to confront the challenges of the 

knowledge-based economy. A range of innovative methods of science teaching 

designated by the umbrella title Inquiry-Based Science Education (IBSE) are 

considered by science education experts as a form of pedagogy that could increase 

students’ interest in science (Llewellyn, 2002). Non-formal learning settings are often 

viewed as sources of inspiration for formal learning and as pools offering valuable 

learning tools proven to stimulate interest in science and attract young people to 

science learning (Rennie & Johnston, 2004; Tran, 2007; McGinnis et al., 2012; Tal, 

2012). 

A review of research in the field of science learning in non-formal settings reveals a 

wealth of empirical studies many of them focusing on the science museum (Alt & 

Shaw, 1984; Peart, 1984; Feher & Rice, 1985; Screven, 1993; Boisvert & Slez, 1995; 

Borun & Dritsas, 1997; Allen, 2004; Bitgood, 2002; Sandifer, 2003, Rennie & 

Stocklmayer, 2003). Science museums and science centres are quite popular free-

choice learning environments that relinquish part of the control of interaction to the 

visitor, as a means of encouraging engagement and learning (Hein, 1998; Henriksen 

& Frøyland, 2000; Falk & Dierking, 1992; Pedretti, 2004; Kelly, 2006). Science 

museums are considered as “authoritative, trusted and credible sources of 

information” (Kelly, 2009), as trustees of accumulated, highly valued techno-

scientific knowledge, who are responsible for mediating and communicating this 
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knowledge to the non-expert public (Miller et al., 2002; American Association of 

Museums, 1992). Frank Oppenheimer (1968) had, vividly, commented that such a 

place should arouse curiosity through laboratory atmosphere. 

The past decades of empirical studying offered valuable insight and have led to a 

better understanding of the learning potential of the science museum especially in 

relation to the visitor behaviour, the material context and the setup of the science 

exhibit itself (Anderson, Lucas & Ginns, 2003). 

In the United States, John H. Falk and Lynn D. Dierking made a systematic effort to 

incorporate key variables, fundamental to free-choice science learning, in an 

explanatory model that connects the museum experience with personal characteristics 

of the visitor and the broader social and cultural context. The Contextual Learning 

Model supports that learning in a free-choice setting is a continuous effort; it is a 

function of the physical, personal and socio-cultural contexts of an individual over 

time (Falk & Dierking, 1992; Falk & Storksdieck, 2005; Rennie & McClafferty, 

1996; Rennie & Stocklmayer, 2003). 

George Hein’s theory of education has been a major contribution towards 

conceptualizing how non-formal learning settings are –or can be- organized to 

facilitate learning (Hein, 1998). Hein proposed a model which combines conceptual 

elements of a theory of knowledge (“What is the nature of knowledge applied to the 

content of the exhibitions?”) and a theory of learning (“How do we believe that 

people learn”). His model comprised a four-category learning typology which was 

mapped to museum environment, as depicted in the relevant graph: 

 

Figure 1. Museum types according to Hein’s museum educational theory (Hein 

1995). 

 

While the orderly museum is based upon the behaviourist learning model, the 

systematic museum adopts a mostly didactic approach organizing the subject matter in 

a manner that reflects the “true” and epistemically established structure of the subject, 

from the simple to the more complex. The discovery museum reflects a positivist 

approach to knowledge and a primary assumption that people construct knowledge 
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themselves, through experience, including its physical forms (hands-on approach). 

The museum exhibits do indeed allow experimentation, but the discovery has a 

“closed”, pre-designed result. This museum type is quite popular among science 

museums. The constructivist museum recognizes that knowledge is created in the 

mind of the learner by using personal learning methods and it accommodates all ages 

of learning. Science learning in out-of-school contexts has evolved into a fast growing 

solid group of research producing an array of interdisciplinary approaches.  

Constructivism retained a dominant role during the last three decades and frequently 

appeared in literature associated with the study of the science museum and museum 

education. Learning is seen as an active process of co-constructing knowledge in a 

social environment, facilitated by the teacher, where the teaching content and methods 

address the pre-conditions of learning (Labudde, 2011; Hofstein & Kind, 2012). In 

this framework, inquiry-based approaches are considered as offering a better 

methodological alternative to the previous conventional and more didactically 

oriented learning approaches, while being able to boost young people’s interest for 

science and achieve better results in science learning (Osborne & Dillon, 2008). 

Using inquiry and context-based approaches as pedagogical basis to design teaching 

and learning tools and methods could facilitate understanding science concepts and 

developing positive attitudes to science (Pollen Project, 2009). Similar methods could 

motivate a deeper and more integral cooperation between actors involved in both 

formal and non-formal learning sectors such as school teachers, museum educators, 

curriculum and learning material developers and science exhibit designers. 

 

THE ENGINEER PROJECT 

Embedded in a fertile ground of theory and empirical study, the ENGINEER project 

proposes an innovative inquiry-based learning methodology in response to the urgent 

need for efficient and gender balanced science education and literacy in Europe. The 

project is coordinated by the Bloomfield Science Museum of Jerusalem, and is co-

funded by the European Commission (7th Framework Programme for Research, 

Science in Society). The cooperating organizations form a multi-national and multi-

cultural consortium consisting of 26 partners from 12 countries including 10 science 

centres and museums and an equal number of schools. 

The ENGINEER learning methodology is inspired by the problem-solving approach 

of engineering. Engineering is a subject usually overlooked in the school curriculum; 

however, it seems to have the potential to make science and technology more relevant 

to students, and thus more inviting and attractive (Miaoulis, 2010). This is due to its 

tangible and applied nature, and to its inherent problem solving and inquiry-based 

orientation. 

The ENGINEER project seeks to expand on previous relevant endeavours in science 

education. The project concept departed from the programme Engineering is 

Elementary (EiE) developed by Boston Museum of Science (BMOS) in 2003 and is 

now widely used in primary schools throughout the U.S. Evaluation studies 

performed as part of the EiE programme found that incorporating engineering in 

science teaching in combination with inquiry-based pedagogy may bring about highly 

desirable impacts on students and teachers, raising students’ interest in science and 

engineering. Moreover, EiE evaluation reports show that engineering has the potential 

to reach all students and can also foster girls’ engagement with sciences. 
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ENGINEER adapted the principles, pedagogic methods and selected contents 

developed in the EiE program to European context and requirements, with a view to 

enable the transfer of knowledge and best practices, while ensuring compatibility with 

European educational systems. 

The ENGINEER project seems particularly relevant as the established role of both 

formal and non-formal learning institutions is being challenged by emerging societal 

needs calling for inclusion, dialogue, and relevance with everyday practical problems 

and also with crucial issues of global concern (Henriksen & Frøyland, 2000; Pedretti, 

2004). It has been suggested that museums should “[…] move from being suppliers of 

information to providing usable knowledge and tools for visitors to explore their own 

ideas and reach their own conclusions […]” (Bradburne, 1998 and Hein, 1997 as 

stated in Kelly, 2009: 1). In order to become places for meaningful learning, museums 

should encourage “[…] choice, challenge, control and collaboration, leading to self-

discovery, pride in achievements, learning and change.” (Paris, 1997 as stated in 

Kelly, 2009: 3).  

These changes bear significance for the choices related to the learning approach 

which is more or less consciously employed by either the school or the science 

museum. 

 

EMPIRICAL PART 

ENGINEER project has entered the third and final year of its pilot life cycle. The 

project course was structured upon three distinct phases. The first phase focuses on 

the adaptation of ENGINEER learning methodology and the development of the 

educational content of the program; the second phase refers to piloting and fine-tuning 

ENGINEER methodology; the third phase focuses on the outreaching of the learning 

methodology and its pedagogical contents. 

Methodology and Learning materials 

The ENGINEER learning methodology is founded upon the Engineering Design 

Process (EDP), a cyclical five-step process comprising the stages: ask, imagine, plan, 

create, improve. The EDP allows pupils to develop and build a model solution to a 

specific practical problem termed as “challenge”, on the basis of their own life 

experience and knowledge upon a selected subject. The cycle can begin at any step, or 

move back and forth between steps numerous times. 

EDP fosters problem-solving skills including testing alternative options, interpreting 

results and evaluating solutions, building on the familiar everyday ways of thinking, 

testing the variables that are relevant to the task and making optimal choices. 

 

Figure 2. The Engineering Design Process - The 5 steps. 
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Ask: Identify the problem. Determine design constraints (e.g., limitations on materials 

that can be used). Consider relevant prior knowledge (e.g., science concepts). 

Imagine: Brainstorm design ideas. Draw and label those ideas. 

Plan: Pick one idea. Draw and label the idea. Identify needed materials or conditions. 

Create: Carry out the plan; create the design. Test the design. 

Improve: Reflect on testing results. Plan for, create, and test a new and improved 

design. 

The “identity” of the 10 engineering challenges 

The educated content consisted of 10 engineering challenges structured as teaching 

units suitable for pupils 10-12 years. Each teaching unit was structured in five lessons 

totaling about 10 teaching hours. The 10 engineering challenges draw on real life 

practical problems, e.g. build a home for a pet frog, develop a steady floating 

platform, and design a vacuum cleaner or insulating shoe soles. These problems focus 

on different engineering fields establishing links between engineering, science and 

mathematics and are closely connected to the school curriculum in each country 

participating in the project. Under the facilitation of the teacher or the museum 

explainer, pupils would work in small groups to solve a particular challenge following 

the Engineering Design Process (EDP). Through working on possible solutions and 

crafting and experimenting on models, the pupils get to know basic engineering 

principles, and strengthen their scientific knowledge on subjects related to their daily 

lives. 

 

Table 1 

The 10 engineering challenges. 
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Each challenge was the point of departure for the development of two types of 

learning materials: teaching units for schools, consisting of a teacher’s guide and 

associated illustration and assessment material dedicated to the particular engineering 

challenge at hand, and museum learning content mostly in the form of an interactive 

programme. 

The content was developed in a collaborative manner by country teams consisting of 

science museum educators and practicing primary school teachers. As a first step, a 

full teaching unit was developed out of each one of the 10 challenges. These units 

were drastically shortened and adapted in order to be fit in the science museum 

environment. The museum Engineering Design Process versions were designed as 

stand alone interactive and hands-on museum programs of about 45 minutes. 

Piloting EDP and evaluation 

The second phase of the project included the implementation of pilots and an 

extended evaluation exercise of the 10 engineering challenges testing the pedagogical 

potential of the ENGINEER methodology as adapted for school context and the 

engagement power of the museum version. The challenges were indeed tested at 

school in the ten countries participating in the project and also presented in science 

museums across Europe to student groups and general public. 

A systematic data collecting under the lead of the University of West of England 

sought to detect, among others, changes in pupils’ attitudes to learning science and 

technology and associated learning differences between boys and girls. Additional 

areas of exploration included teachers’ and museum educators’ pedagogical practices 

in teaching science and technology and possible effects of the project experience on 

their personal learning. The evaluation methodology included a pre/post questionnaire 

for the pupil, pre/post questionnaire for the teacher and the science museum educator, 

interviews of the teacher and the science museum educator. During the pilot sessions 

systematic observation took place implemented by the local partners and the partner 

responsible for the project evaluation effort (University of the West of England). 

Observation offered additional input for analysis which was recorded by use of 

observation sheets for each lesson. Through the piloting process teachers kept logs 

and at the end of piloting they were interviewed offering their review on the 

experience of teaching a particular unit as a whole. This information was reported by 

use of a special template provided by the project. 

The pilot phase was concluded in May 2013 feeding its results into the final 

refinement of materials. Science museums would thereon lead the outreach effort that 

targets schools, teachers and science museums. 

The Greek challenge: “Design your own floating platform.” 

The Greek partner, Eugenides Foundation (EF), acting as the local science centre, in 

co-operation with the local school partner, Moraitis School, developed the 

ENGINEER challenge titled “Keep your staff out of water! Design your own floating 

platform.” The scope of this challenge falls into the field of Ocean Engineering and 

ties into the science curriculum for forces taught at the 5th grade of Greek Primary 

School (Science field: floating and sinking). 

The challenge story in brief is the following: “Two children, Chronis and Helen, who 

live in a Greek island, spend more of their summer time in a rock island located near 

a small and isolated beach. The rock island is easily accessible, by swimming in 
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shallow waters, so they don’t have to use a boat. However the two children are facing 

a small problem. Usually, when they go there, they want to carry with them some stuff 

that must not get wet such as books, magazines, mp3 players, video games and their 

refreshments. So, they have to make a floating construction in order to carry with 

them all that kind of stuff.” 

 

Table 2 

Structure of the Greek Teaching Unit (school version). 

Preparatory 

Lesson 

 

What is engineering? 

Pupils are introduced in the concepts of engineering and technology 

and they realise how those two contribute to their daily lives. 

Lesson 1 What is the problem? 

Pupils are presented with the challenge in the form of a small story 

text. They start considering materials suitable for a floating platform. 

They observe how different behave when placed into water. They 

learn to organize and classify their observations. They start 

wondering about what makes an object sink or float. 

Lesson 2 What science do we need to know? 

Pupils activate pre-existing knowledge and acquire additional 

scientific knowledge that will be useful for tackling the challenge. 

They learn about the forces acting on an object when immersed into 

water and the certain condition that must be met in order for an 

object to float. They are encouraged to apply science investigation 

methods and processes. Pupils follow an inquiry-based sequence in 

order to solve the problem. They set investigative questions, conduct 

experiments, collect and analyse data. 

Lesson 3 Let’s build! 

Pupils apply the steps of EDP in order to build a floating platform 

They exercise manual skills in order to build the platform (e.g. 

fastening, cutting, drilling etc.). Pupils rely on science (physical 

principles) to solve the problem. Pupils realize that as long certain 

criteria are met, there could be plenty of right solutions to a problem 

and not just one. 

Lesson 4 How did we do it? 

Pupils recall upon the process they followed, matching actions and 

steps of EDP. They evaluate their work. They consider other 

challenges on where they could apply EDP. They create a poster 

about their work and make a small presentation to their classmates. 

They discuss how ships and submarines manage to float or sink, 

making wider links between science and engineering. 

 

In addition to the teaching unit, EF developed a shorter version of this challenge titled 

“The Castaways” which would be used as a museum activity. The adaptation 
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concentrated on shifting the focus from the science component to the applied part 

(corresponding to Lesson 3 of the Teaching Unit). 

Piloting at school 

The school piloting of the Greek teaching unit took place at the premises of Moraitis 

School. The Greek challenge was tested in 2 classes of 26-27 pupils, at the partner 

school. Pupils were grouped in teams of 4-5. Their task as part of the Greek challenge 

was to build floating platforms. Pupils were at first introduced to the Engineering 

Design Process (EDP). Later, they acquired new -or further expanded existing 

knowledge relevant to Science and Mathematics (forces, buoyancy etc), and got 

involved in hands-on activities. 

The teacher’s guide supported sufficiently the teaching process. The teacher had only 

to proceed to minor modifications mainly related to the pacing of the lessons and the 

sequencing of the activities. Some of the worksheets and assessment sheets 

accompanying the teacher’s guide had to be omitted due to time limitation. The 

teacher faced some difficulties stemming from the fact that the classroom space 

available for performing the experiments was limited and pupils could not move 

freely around. Teacher had to be more guiding and controlling in order to avoid 

confusion especially as the unit required experimentation in water environment. 

Piloting at the museum 

Piloting the museum version of the engineering challenge with real users in the 

museum environment was organized around workshops for schools visiting EF, and 

included hands-on events for families with children. The workshops for both school 

groups and families followed the same structure and made use of the same learning 

materials and methodology. The workshops were based on a simplified concept of the 

Greek challenge yet retaining the same science background. 

While the school version of ENGINEER is completed within 10 teaching hours, the 

museum version would only need 45 minutes. The workshops started with a reference 

to the main theme of the challenge (“The Castaways”). The background science 

knowledge was introduced through a brief PowerPoint presentation which also 

included a brief reference to the Engineering Design Process as well as the 

engineering challenge at hand. The challenge focused on building a raft for a group of 

castaways according to the “story”. Sets of materials were offered to pupils in order to 

construct their raft. After completing their raft, each group performed a first testing of 

their construction indoors, using a small plastic basin, and with the assistance of the 

museum explainer. After the first testing, the groups would go back to improve their 

raft, if necessary, and decide upon its name. The final testing was performed outdoors 

in a large pool. All participants were offered a special badge with the project logo as 

reminiscent of their experience. Two sessions with pupils were implemented. Each 

group consisted of 27 pupils, from the 6th grade of a primary school. Children were 

split into groups of 5-6. Their participation was facilitated by two museum explainers 

and by their teachers.  

Equally, two sessions for families with children aged 10-13 years were implemented. 

The first involved 20 children (13 boys and 7 girls) and the second 25 children (15 

boys and 10 girls). In both forms of piloting activities, children were introduced to the 

Engineering Design Process (EDP), and then got involved in hands-on activities. 
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In the case of workshops for families, the children were active in the role of engineers 

during the construction part; parents retained a more passive role observing the whole 

activity; in case children needed support in the manual work, the museum explainers 

would offer assistance. 

Outreach in Europe 

The final phase of the project focuses on outreaching the ENGINEER program in 

schools and science museums in the countries participating in the project. It officially 

started in September 2013 and still running. School activities as well as museum 

activities informed by the ENGINEER learning model are expected to reach 27,000 

teachers and pupils during the outreach phase.  

 

CONCLUSIONS – DISCUSSION 

Preliminary findings based on of data gathered from pilot sessions at partners’ schools 

point towards an increase on pupils’ understanding of engineering and the science 

involved in each challenge. In a scale 1 to 5, the average score was over 4. The 

increase was more intense for girls in comparison to boys. The analysis showed a 

raise of awareness concerning the association between the engineering profession and 

science. Pupils’ perception of the teaching units and the challenge-based methodology 

was very positive. In a scale of 1 to 5, the average score exceeded 4. Concerning the 

task implemented throughout the teaching unit, the ones most preferred by students 

were the applied parts and the least preferred was writing up parts of the process. 

Observations on school piloting confirmed some of the findings of the questionnaire 

data analysis. Pupils’ feedback on the whole ENGINEER experience was very 

positive. Pupils were deeply engaged and motivated to participate actively in all 

stages of the unit teaching. According to the teacher’s feedback, one reason that the 

children enjoyed so much the ENGINEER experience is the fact they were not 

evaluated on it. Teachers reported initially low levels of knowledge on science, 

mathematics and engineering subjects and this fact had an impact on their confidence 

to teach inquiry-based science activities in the classroom. However, their involvement 

in the project increased teachers’ confidence and IBSE related abilities. This finding 

further supports the value of the project and its acceptance even in the case of teachers 

with lack of expert background on STEM. The teachers were impressed by children's 

willingness to work in the class. Even low achievers were motivated to participate as 

they felt that they could achieve things and make contributions to the overall effort. 

The hands-on parts of the teaching unit (lesson 3) were the most engaging. 

Differences in participation patterns between girls and boys were not observed. The 

materials which were suggested as part of the teaching materials kit proved suitable 

and safe in use. Observations on museum piloting confirmed similar conclusions. 

Pupils were very excited with the hands-on part of the session. Parents were very 

enthusiastic too, and expressed their positive views at the end of each workshop. No 

differences between the participation patterns between girls and boys were observed. 

The ENGINEER methodology proved to be engaging and motivating both in school 

and out-of-school contexts. However, the museum version of the learning activities 

applying the challenged-based ENGINEER methodology needed careful adaptation in 

order to address the particularities of the museum environment, such as the limited 

duration of the museum visit, its voluntary and self-guided character, the family 
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visiting frame, and parameters related to the suitability of museum space for 

performing experimentation required by ENGINEER activities. 

Observation highlighted various aspects of the learning processes that need to be 

further investigated. Museum observations indicated that the five steps of the 

Engineering Design Process (Ask, Imagine, Plan, Create, Improve) should be offered 

sufficient time to evolve. If the time frame is too narrow there is a possibility that the 

science content will lose strength and the whole process may be reduced to an 

ordinary hands-on museum activity. In the Greek museum pilots, despite the efforts to 

keep museum workshops within the span of 45 minutes, the actual workshops were 

overdue for about 30 minutes. Similar comments were reported by other museums, 

too, which faced related challenges resorting to workshops with a duration reaching 

1.5 hours. Other useful considerations were drawn from observing the museum pilots. 

Children showed a tendency to treat steps two and three of the EDP (Imagine and 

Plan) as a single step. Children showed their preference to tasks involving tangible 

elements rather than abstract concepts. Planning became much easier once 

constructing materials were provided. A point also needing consideration is that 

providing materials too early to children’s working groups during a workshop could 

cause distraction, and disturb the “difficult” steps of imagining and planning. The 

phase of “Improving” turned out to be crucial as all groups of pupils were interested 

in further improving their designs. As an overall conclusion, the inquiry-based and 

evaluation-free methodology of Engineering Design Process proved to be an ideal 

motivational tool to increase pupils’ interest in engineering while it is in total accord 

with the free-choice learning setting of the science museum. The ENGINEER 

learning model seems to activate and put in good use personal context factors such as 

prior knowledge and experience (Roschelle, 1995), prior interest (Falk & Adelman 

2003), motivation, and expectations (Falk et al., 2008) therefore influencing positively 

visitor learning. 

The Engineering Design Process is a goal-oriented method that may be used in a more 

or less structured mode. It should be noted here that the “goal” is not a construction 

but a set of science-informed and reality-tested functionalities. It would be better fit 

for the classroom providing that the whole process is semi-structured and leads to a 

result partly “closed”, or pre-designed by the teacher. This would allow the teacher to 

better allocate time and organize the pacing of the lesson. Also, this would facilitate 

group work and could yield comparability in the final challenge “solutions”. 

If EDP is used in a more “constructivist” manner following personal learning 

characteristics and preferences of individual learners, then it would be better fit for the 

free-choice environment of the science museum. According to Hein, the constructivist 

approach is particularly appropriate as a basis for learning, especially in free-choice 

learning settings when learning opportunities are normally short-term. Also, as 

Pedretti argues, a constructivist setting challenges visitors to explore issues of 

relevance to their lives, presenting a multiplicity of views (views that are often 

contentious and at odds with one another), and providing multiple entry points 

(Pedretti 2002, p. 19). It is hoped that educators will be willing to include the 

Engineering Design Process in their pedagogic repertoire, as an example of a proven 

learning method inspired by out-of- school contexts that can be fruitfully combined 

with established school practices, curricula and learning methodology. Additionally, it 

is hoped that ENGINEER will open up new possibilities for museums in employing 

interpretation strategies informed by IBSE learning methodology and EDP 

applications in particular, as a means to increase the pedagogical effectiveness and 
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holding power of museum educational programs, while addressing the different 

learning needs of visitors, especially school and family groups.  

Finally, it is hoped that ENGINEER project will contribute towards a better 

confrontation of STEM subjects by pupils, and an enhanced recognition of the public 

image of engineering and engineers by society in general. 

 

REFERENCES 

Allen, S. (2004). Designs for learning: Studying science museum exhibits that do 

more than entertain. Science Education, 88 (1), 17-33. 

Alt, M. B. & Shaw, K. M. (1984). Characteristics of ideal museum exhibits. British 

Journal of Psychology, 75, 25-36. 

Abell, S. K. & Lederman N. G. (2007). Handbook of research on science education. 

Taylor & Francis. 

American Association of Museums (1992). Excellence and equity, education and the 

public dimensions of museums: a report. Washington, D.C.: American 

Association of Museums.  

Anderson, D., Lucas, K. B. & Ginns, I. S. (2003). Theoretical perspectives on 

learning in an informal setting. Journal of Research in Science Teaching, 40 (2), 

177–199. 

Bitgood, S. (2002). Environmental psychology in museums, zoos and other exhibition 

centers. In R. Bechtel & A. Churchman (eds.), The environmental psychology 

handbook (2nd ed.) (461-480). John Wiley & Sons. 

Boisvert, D. L. & Slez, B. J. (1995). The relationship between exhibit characteristics 

and learning-associated behaviours in a science museum discovery space. 

Science Education, 79 (5), 503-518. 

Borun, M. & Dritsas, J. (1997). Developing family-friendly exhibits. Curator, 40 (3), 

178–196. 

Bradburne, J. M. (1998). Dinosaurs and white elephants: the science center in the 

twenty first century. Public Understanding of Science, 7, 237-253. 

Dewey, J. (1956). The child and the curriculum and the school and society. Chicago: 

University of Chicago Press, Phoenix Books. 

Falk, J. H. & Adelman, L. M. (2003). Investigating the impact of prior knowledge and 

interest on aquarium visitor learning. Journal of Research in Science Teaching, 

40 (2), 163–176. 

Falk, J. H. & Dierking, L. D. (1992). The museum experience. Washington, DC: 

Whalesback Books. 

Falk, J. H. & Dierking, L. D. (2010). The 95 percent solution. School is not where 

most Americans learn most of their science. American Scientist, 98, 486-493. 

Falk, J. H. & Dierking, L. D. (2012). Lifelong science learning for adults: the role of 

free-choice experiences. In Fraser, J. B., Tobin, K. & McRobbie C. J. (eds.), 

International handbook of science education (1063-1080). Dordrecht: Springer. 

Strand 9 Environmental, health and outdoor science education

1642



Falk, J. H. & Storksdieck, M. (2005). Using the contextual model of learning to 

understand visitor learning from a science center exhibition. Science Education, 

89, 1-35. 

Feher, E. & Rice, K. (1985). Development of scientific concepts through the use of 

interactive exhibits in a museum. Curator, 28, 35-46. 

Hein, G. E. (1998). Learning in the museum. London: Routledge. 

Hein, G. E. (1995). The constructivist museum. Journal for Education in Museums, 

16, 21-23. 

Henriksen, E. K. & Frøyland, M. (2000). The contribution of museums to scientific 

literacy: views from audience and museum professionals. Public Understanding 

of Science, 9, 393-415. 

Hofstein, A. & Kind, P. M. (2012). Learning in and from science laboratories. In 

Fraser, B. J., Tobin, K. G. & McRobbie, C. J. (eds.), Second international 

handbook of science education (189-207). Dordrecht: Springer.  

Hofstein, A. & Rosenfeld, S. (1996). Bridging the gap between formal and informal 

science learning. Studies in Science Education, 28 (1), 87-112. 

Kelly, L. (2006). Museums as sources of information and learning: the decision-

making process. Open Museum Journal. Australia's only peer-reviewed online 

museum journal. Retrieved April, 2012 from 

http://hosting.collectionsaustralia.net/omj/vol8/kelly.html 

Kelly, L. (2009). The impact of social media on museum practice. Paper presented at 

the National Palace Museum, Taipei, 20 October 2009. Retrieved March 28, 

2012 from http://australianmuseum.net.au/document/The-Impact-of-Social-

Media-on-Museum-Practice 

Labudde, P. (2011). The role of constructivism in science education: yesterday, today 

and tomorrow. In Mikelskis-Seifert, S., Ringelband, U. & Brückmann, M. 

(eds.), Four decades of research in science teaching from curriculum 

development to quality improvement (139-155). Münster: Waxmann.  

Llewellyn, D. (2002). Inquire within: implementing inquiry-based science standards. 

Thousand Oaks, CA: Corwin Press.  

McGinnis R. J., Hestness E., Riedinger K., Katz P., Marbach-Ad G. & Dai A. (2012). 

Informal science education in formal science teacher preparation. In Fraser, J. 

B., Tobin, K. & McRobbie, C. J. (eds.), Second international handbook of 

science education (1097-1108). Dordrecht: Springer. 

Miaoulis, I. (2010). K-12 Engineering – the missing core discipline. In Grasso, D. & 

Brown-Burkins, M. (eds.), Holistic engineering education, (37-51). Dordrecht: 

Springer. 

Miller, S., Caro, P., Koulaidis, V., de Semir V., Staveloz, W. & Vargas, R. (2002). 

Benchmarking the Promotion of RTD culture and Public Understanding of 

Science. Brussels: European Commission. 

Oppenheimer, F. (1968). Rationale for a science museum. Museum Journal, 1 (3), 

206-209.  

Osborne, J. & Dillon, J. (2008). Science education in Europe: critical reflections. 

London: Nuffield Foundation. 

Strand 9 Environmental, health and outdoor science education

1643

http://hosting.collectionsaustralia.net/omj/vol8/kelly.html
http://australianmuseum.net.au/document/The-Impact-of-Social-Media-on-Museum-Practice
http://australianmuseum.net.au/document/The-Impact-of-Social-Media-on-Museum-Practice


Peart, B. (1984). Impact of exhibit type on knowledge gain, attitudes and behavior. 

Curator, 27 (3), 220-237. 

Pedretti, E. G. (2002). T. Kuhn Meets T. Rex: Critical conversations and new 

directions in science centres and science museums. Studies in Science 

Education, 37 (1), 1-41. 

Pedretti, E. G. (2004). Perspectives on learning through research on critical issues-

based science center exhibitions. Science Education, 1, S34-S47. 

Pollen Project/Seed Cities for Science (2009). Designing and implementing inquiry-

based units for primary education. Report written by Worth, K., Duque, M. & 

Saltiel. E. Paris. 

Rennie, L. J. & Johnston, D. J. (2004). The nature of learning and its implications for 

research on learning from museums. Science Education, 88 (1), S4–S16. 

Rennie, L. J. & McClafferty, T. (1996). Science centres and science learning. In 

Scanlon, E., Whitelegg, E. & Yates, S. (eds.), Communicating science (63-93). 

Routledge: London.  

Rennie, L. J. & Stocklmayer, S. (2003). The communication of science and 

technology: past, present and future agendas. International Journal of Science 

Education, 25 (6), 759-773. 

Rocard, M., Csermely, P. Jorde, D., Lenzen, D., Walberg-Henriksson, H. & Hemmo, 

V. (2007). Science education now: a renewed pedagogy for the future of 

Europe. Brussels: European Commission. 

Roschelle, J. (1995). Learning in interactive environments: prior knowledge and new 

experience. Public institutions for personal learning: establishing a research 

agenda. Retrieved March 3, 2007 from 

http://www.exploratorium.edu/IFI/resources/museumeducation/priorknowledge.

html  

Sandifer, C. (2003). Technological novelty and open-endedness: two characteristics of 

interactive exhibits that contribute to the holding of visitor attention in a science 

museum. Journal of Research in Science Teaching, 40 (2), 121-137. 

Screven, C. G. (1993). Visitors. Museum International, 178 (XLV), n. 2. 

Stocklmayer, S. M., Rennie, L. J. & Gilbert, J. (2010). The roles of the formal and 

informal sectors in the provision of effective science education. Studies in 

Science Education, 46 (1), 1-44. 

Tal, T. (2012). Out-of-school: learning experiences, teaching and students’ learning. 

In Fraser, J. B., Tobin, K. & McRobbie, C. J. (Eds.), Second international 

handbook of science education (1109-1122). Dordrecht: Springer. 

Tran, L. U. (2007). Teaching science in museums: the pedagogy and goals of museum 

educators. Science Education, 91 (2), 278-297. 

 

 

Strand 9 Environmental, health and outdoor science education

1644

http://www.exploratorium.edu/IFI/resources/museumeducation/priorknowledge.html
http://www.exploratorium.edu/IFI/resources/museumeducation/priorknowledge.html


TEACHING CHEMISTRY IN NEAR-NATURAL LEARNING 
ENVIRONMENTS TO ADDRESS SUSTAINABILITY 

Martin Gröger 
University of Siegen, Germany 

 

Abstract: This paper is about an innovative concept for teaching chemistry in near natural 
learning environments. In this context, attitudes towards the concepts “Chemistry” and 
“Nature” play an important role. Whereas nature is seen in a very positive light, chemistry 
is associated mostly with negative attributes, and correspondingly the subject chemistry is 
one of the most unpopular subjects in school. We believe that through out-of-school 
learning of chemical phenomena in natural settings, both interest in and popularity of the 
subject chemistry can be increased. Furthermore, long-term attitudes towards chemistry, 
chemical engineering, and sustainability shall thus be influenced positively. One of our 
research interests is the development and evaluation of a seminar for university students of 
general studies in which natural phenomena are used to show connections with chemical 
backgrounds. Using different research methods, the awareness of interrelations between 
nature and chemistry and the perception of chemical aspects in nature after attending the 
seminar are investigated. 

Keywords: attitudes towards chemistry and nature, sustainability, near-natural 
learning environment, teacher training 

 
ATTITUDES TOWARDS NATURE AND CHEMISTRY 
In public perception, “Chemistry“ and “Nature“ are often perceived as opposites. Although 
people take products of chemical industry for granted, the society regards chemistry with 
suspicion (Lehmann-Riekert 1999). Words like “chemistry” and “chemicals” have 
negative connotations (Weitze 2007) and despite the usefulness of chemical products, 
catastrophes and accidents remain in the minds of people (Barke/Hilbing 2000). Thus, e. g. 
in current commercials of the food or cosmetics industry, it is stressed that the advertised 
products are supposed to be “free of chemicals” or “without artificial additives”.  

Studies on the relationships “Man-Chemistry-Nature” by Scharf & Werth (1989) and 
Spitzer & Gröger (2013) were carried out with the help of the semantic differential 
developed by Osgood (1971). This instrument is a rating scale to derive attitudes towards a 
given object, in our case the concepts “Man”, “Chemistry” and “Nature”. According to 
Allport, an attitude is defined as: “a mental and neural state of readiness, organized 
through experience, exerting a directive or dynamic influence upon the individual’s 
response to all objects and situations with which it is related“ (1967, p. 8). This reveals that 
attitudes affect our actions and are influenced by experiences. 

In the semantic differentiation task to judge the concepts “Man”, “Nature” and 
“Chemistry”, the respondents are asked to choose between ten bipolar, seven-step scales 
defined by opposite adjective pairs, for example good-bad or artificial-natural.  

The results reveal that the antagonism in the perception of nature and chemistry did not 
change much during twenty years and is still very pronounced (see figure 1). Nature is 
seen in a positive and romanticizing light whereas chemistry is associated with negative 
items such as environmental pollution and artificiality. 
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Figure 1. Concept “Chemistry“, “Man“, and “Nature“: the semantic differential in steps 
from 1 (negative) to 7 (positive) (Spitzer & Gröger 2013). 

Similar to the terms “Chemistry” and “Nature” the corresponding school subjects are 
evaluated as well: Whereas biology is very popular, chemistry is judged much less 
positively (cf. Merzyn 2008; Salta & Tzougraki 2004). Despite various didactical efforts, 
the students’ attitudes towards chemistry teaching have not changed significantly in recent 
years. This corresponds with the results of an online survey we carried out with primary 
school teachers, who were asked to sort school subjects according to their significance (see 
figure 2). 

 
Figure 2. School subjects sorted according to their significance by primary school teachers 
(Spitzer & Gröger 2013). 

Thus the question arises whether the illustrated antagonism could - along with other factors 
(e. g. contents, methods, felt difficulties) – provide an explanation for the less favorable 
appraisal of chemistry education. 
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We assume that clearing up the antagonism between “Chemistry” and “Nature” will 
provide a high potential to improve the students’ attitudes towards chemistry and 
chemistry lessons.  

 

OUTDOOR EDUCATION AND EDUCATION FOR SUSTAINABLE 
DEVELOPMENT 
While dealing with substances and their transformations in a natural environment, it 
suggests itself to consider aspects of Education for Sustainable Development (ESD). 
Sustainability comprises economy, ecology and social affairs, whereas we focus mainly on 
the ecological aspect. 

The established research on environmental education can provide valuable information for 
our own conception. Many studies in this area show that nature experiences are an 
important driving force for the development of an ecological word view, a positive attitude 
towards nature, and ecological behavior (e. g. Chawla 2006; Roczen 2011; Kaiser, Roczen 
& Bogner 2008). This was also found out to be valid for primary school by Cheng & 
Monroe (2010). Cognitive interventions lay important foundations but do not have direct 
influence on the development of affinity to nature and therefore a different approach is 
necessary. 

“The increasing attention to the topic is driven by a recognition that all is not well with 
school science and far too many pupils are alienated by a discipline that has increasing 
significance in contemporary life, both at a personal and a societal level. While the body of 
research conducted has been good at identifying a problem, it has had little to say 
definitively about how the problem might be remediated” (Osborne, Simon & Collins 
2003). 

There is evidence that outdoor trips can increase the motivation for learning and 
achievement, and that both the respective experiences and the contents are remembered in 
detail (Falk & Dierking 1997; also compare Rickinson, Teamey, Morris, Choi, Sanders, 
Benefield 2004 and Liebermann & Hoody, 1998). Whereas morally loaded instructions are 
useless to convey the concepts of sustainable development, positive nature experiences can 
be very helpful. Chawla (2006) summarizes this as follows: “Learning to love the natural 
world enough to protect it”. 

Additionally, in his large meta-study, Hattie (2008) proves a great effect of 
“outdoor/adventure programs” on school-based learning.  

Therefore it stands to reason to partially relocate chemical lessons from the classroom and 
the chemical laboratory into nature or near-natural environments (Gröger 2010, 2011). 
Thereby, the learners are supposed to develop an integrated view on chemical and natural 
aspects of their environment right from the start. Chemistry can be experienced trough 
nature-related phenomena, and the positive feelings towards nature can be used to change 
attitudes towards chemistry through experiencing nature. 
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OWN CONCEPT 
A first approach already has been pursued with the “chemistry trails” by Borrows (2004, 
2006), who investigated chemical aspects outside the classroom, e. g. on bridge railings or 
concrete bridges. However, he did not link nature and chemistry as main objective.  

We try to establish a model for chemical education in nature based context detached from 
industrial or technical context and the artificial environment of a conventional laboratory.  

Therefore, we have set up an “open air laboratory with experimental field“ (FLEX), a 
learning environment full of stimulations and close to nature. Located outside a small 
village near a forest, a shed is built on a meadow of approximately 6700 m², with two 
springs, a small stream and a pond. The shed was remodeled into a small room for 
experiments (“laboratory”) and equipped with extensive experimental material. Energy 
supply takes place self-sufficiently and thus sustainably through solar modules, fuel cells 
and a wind wheel. 

Nature-related contexts in which basic chemical concepts can be introduced are, for 
example, “From the benefits and harms of CO2”, “From the plant to the drug”, More than 
honey- bees in action”, or “From grain to bread”. In addition to biological aspects, these 
contexts always include a focus on substances, conversion of substances or energy 
conversions. For example, when dealing with the topic “From the plant to the drug”, 
students begin with the classification of plants. Then they continue to identify and extract 
the substances contained in the plants, for example dyestuffs or aromatic substances and 
use them for dyeing or refining self-made ointments respectively. 

We believe that an early start at primary school level makes sense because children can be 
interested in scientific subjects and understand basic facts quite early. A spiral approach 
from primary to upper school can be planned, including an increased integration of 
chemical aspects by means of nature-related phenomena.  

Through our approach, we try to work against the antagonistic view of chemistry and 
nature and thus contribute to the preservation of natural resources.  

 

TEACHER EDUCATION 
Besides programs for pupils of different age groups, we also offer seminars for university 
students in the FLEX. Since science education in primary school lays the foundations for 
all further learning in science, we are particularly interested in a seminar for students of 
general studies. Because primary school teachers often avoid chemical themes due to a 
lack of expert knowledge, interest, and confidence (cf. Harlen 1997, Harlen & Holroyd 
1997, Murphy & Neil & Beggs 2007), these problems should be already addressed during 
the education of future teachers.  

Therefore, the aim of the seminar is to encourage students to teach natural sciences in 
natural environments and to show possibilities to realize outdoor education with simple 
means. In order to recognize natural phenomena which are linked with chemical 
backgrounds, students are encouraged to expand their view of chemistry and perceive 
connections between nature and chemistry. Thus, the positive attitudes towards nature and 
biology (as described above) are expected to be of help to develop a more positive view on 
chemistry and chemical aspects.  

In the seminar, students first investigate natural phenomena they come across in the FLEX 
and make their own experiences as independently as possible before searching for 
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appropriate explanations. Then they develop suitable teaching units for children and test 
them with primary school classes which come to the FLEX. Thereafter, the students 
discuss their approaches and try to identify problems and possible solutions.  

Using different research methods, the awareness of interrelations between nature and 
chemistry and the perception of chemical aspects in nature after attending the seminar are 
investigated. 

The semantic differential reveals that students show more positive attitudes towards 
chemistry after the seminar. With a questionnaire, modelled after questions used by Möller 
(2004), interest and confidence in chemistry and the teaching of chemical themes are 
examined as well. Most students show increased interest and confidence in teaching 
chemical phenomena after attending the seminar and state that they want to implement out-
of-school learning of natural phenomena in their future teaching. Additionally, students 
report of an increased awareness of interrelations between nature and chemistry and an 
enhanced perception of chemical aspects in nature. The results of a special form of concept 
maps (“own word maps” developed by Tiemann 1999) and a picture based association test 
substantiate these statements.  

Although this investigation is only an explorative study carried out with few students, we 
have confidence in the positive effects of nature-related activities with regard to the 
perception of and attitudes towards natural sciences and chemistry in particular.  
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Abstract: Numerous attempts have been made to measure levels of environmental 

literacy around the world, only five of which were at the national level. To date, no 

comprehensive study has been carried out with in Greece. The main focus of our 

research was to develop an instrument (Greek Environmental Literacy Instrument – 

GELI) to contribute to evaluating the environmental literacy of post-secondary Greek 

students. The GELI measures 3 different dimensions (Knowledge, Affect, Behavior) 

using a written questionnaire with 83 items and 17 demographic variables. The 

sample of the pilot implementation of the instrument was comprised of 59 students at 

the onset of their studies in two Greek Universities. The students were given 45 

minutes to answer the questions. Statistical analysis was performed in order to verify 

the validity and reliability of the GELI. The authors investigated the relationships 

among knowledge, affect and behavior of the students and the influence of 

background factors on their environmental literacy. Preliminary results of our 

research are discussed at the end of the study. 

Key words: environmental literacy, questionnaire, post-secondary students, GELI 

 

INTRODUCTION 

Disinger and Roth (1992) credit Charles E. Roth with coining the term environmental 

literacy (EL) in 1968 (Morrone et al. 2001). Although Environmental Education/ 

Education for Sustainable Development (EE/ESD) experts have discussed EL for 

more than thirty years – there is not a universal definition for it. According to a recent 

review study, an environmentally literate person is someone who, both individually 

and together with others, makes informed decisions concerning the environment, is 

willing to act on these decisions to improve the well-being of other individuals, 

societies, and the global environment and participates in civic life (Hollweg et al. 

2011). This definition treats cognitive (knowledge, skills), affective and behavioral 

components as both interactive and developmental in nature and suggests that the 

main components of EL are Knowledge, Affect, Behavior and Skills (McBride 2001, 

Hollweg et al. 2011).  

A survey of the existing literature pointed out that the research studies pertaining to 

any dimensions of EL are substantial. However, the studies that focused upon the 

measurement of combined EL components using a written questionnaire, which was 

developed within a theoretical framework of EL, were much fewer (29 studies). Only 

five (5) of these studies were nationwide. To date, no comprehensive study measuring 

EL levels has been carried out in Greece. The purpose of this study was to develop an 

instrument in order to assess the EL level of post-secondary Greek students. 
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SAMPLE 

Pilot testing of our research instrument was carried out with 59 students from two 

Greek universities. We conducted our research in the autumn of 2012. The draft 

instrument was tested by administering it to first year students (incoming freshmen) at 

the first semester of the academic year to ensure that the results reflect the 

respondents’ characteristics that were acquired before their exposure to academic 

content. Participants were given 45 minutes to answer the questions. We personally 

distributed 60 questionnaires and received 59 completed. The characteristics of the 

sample are presented in Table 1.  

 

Table 1  

Description of the sample 

Demographic characteristics 

Age  Range 18-22, mean= 18.27, SD= 0.69 

Gender  

Men        22 (22.0%) 

Women       46 (78.0%) 

Parents’ residence        

                     Urban 

                     Rural           

 

      24 (40.7%) 

      35 (59.3%) 

Direction of school studies  

Science      34 (57.6%) 

Humanities      23 (39.0%) 

Technology     2 (3.4%) 

Secondary school degree average Range 15-20, mean= 18.35, SD= 1.05 

 

METHOD – INSTRUMENT DEVELOPMENT 

For the purpose of the study we developed the GELI (Greek Environmental Literacy 

Instrument).  A review of the theoretical literature of EE/ESD helped us develop our 

conceptual framework (McBride 2001, Hollweg et al., 2011 and references therein), 

and applied studies provided the basis on which we constructed the GELI (Table 2). 

The GELI is comprised of three EL components: (1) Knowledge, (2) Affect and (3) 

Environmentally Responsible Behavior, along with questions focusing on gathering 

data about students’ demographic profile. The Knowledge questionnaire consists of 

multiple choice items, while Affect and Behavior were measured using five-point 

Likert-type scales. 
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Table 2  

Studies along with the main components of each instrument and the country in which it was 

implemented. 

No Instr. Country Study Knowledge Affect Behavior Skills 

1 WELI 

United States 

(Wisconsin) Champeau et al. 1994 

 

√ 

 

√ 

 

√ 

 

2 (ELI)
* 

United States (Ohio) Morrone et al. 2001 √ √   

3 ELIKC Korean Chu et al. 2007 √ √ √ √ 

4 (ELI)
* 

Israel Nagev et al. 2008 √ √ √  

5 (ELI)
* 

Israel Yavetz et al. 2009 √ √ √  

6 ELQ Turkey Tuncer et al. 2009 √ √   

7 MSELS United States McBeth & Volk 2010 √ √ √ √ 

8 ESELI Turkey  Erdogan & Ok 2011 √ √ √ √ 

Note.
*
 = (ELI): Environmental Literacy Instrument –no specific name was given by authors 

 

Initially we created an item pool including items drawn from instruments developed 

and validated in previous studies (245 items) along with items that the researchers of 

the present study developed (50 items) in order to make the instrument more 

appropriate for the Greek population. The items in the pool were sorted according to 

the components and sub-components of EL (Erdogan & Ok, 2011). Then, the authors 

and two in-service teachers, experts in EE/ESD, were asked to check the face validity 

of the instrument. Following their observations 155 items were gradually excluded. 

Then, the remaining items (140) were subjected to exploratory factor analysis using 

the Principal Components Analysis method. Thus, 29 items from the part ‘AFFECT’ 

and 14 items from the part ‘BEHAVIOR’ were also excluded due to their low loading 

score (<0.40) in the factor analysis or due to yielding high loadings to more than one 

factors. The final draft of GELI was composed of 4 parts including 100 items. 

Demographic variables and components and sub-components of the final instrument, 

along with the number of items in each of these sections, are presented in Table 3. 
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Table 3 

Greek Environmental Literacy Instrument (GELI) 

Demographic variables and 

Components and sub-components of GELI 

Number of items 

Demographic variables  

   Student characteristics (8) 

Gender 

Age 

Nationality     

Parents’ residence 

School of studies 

Secondary school degree  

Direction of studies 

Semester of studies 

   Students’ environmental background(6) 

Parents’ level of education 

Parents’ profession  

Parents’ environmental sensitivity 

Outdoor activities 

Source of environmental knowledge  

   Significant Life experiences (4) 

17 

 

 

 

 

 

 

 

 

 

 

 

 

Components and sub-components of GELI 

         

Knowledge  

Ecological knowledge (14)  

Environmental issues (24) 

Socio political – Economic knowledge (4) 

         

Affect 

Worldview (2) 

Concern about environmental problems (2) 

Anti-anthropocentrism (6) 

Regulation attitude (4) 

Personal involvement/Sense of responsibility (2) 

Intention to learn/Eagerness to learn (5) 

Willingness/Motivation/Intention to act (4) 

 

Behavior 

Conservation/Eco-management (5) 

Consumer and Economic action (2) 

Action regarding waste (2) 

Individual Persuasion (1) 

Personal and Political Action (6) 

 

 

 

42 

 

 

 

 

25 

 

 

 

16 

Total 100 
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VALIDITY AND RELIABILITY OF GELI 

In order to examine the construct validity and factor structure of the instrument, the 

25 items in the Affective Scale (AS) and 16 items in the Environmentally Responsible 

Behavior Scale (ERBS) were separately subjected to exploratory factor analysis with 

Principal Component Analysis (PCA) and Direct Oblimin Rotation. For the AS, the 

analysis yielded a three factor solution which accounted for approximately 51.27% of 

the total variance (Τable 4). For the ERBS the analysis yielded a two factor solution 

which accounted for approximately 68.0% of the variance (Τable 5). 

Internal consistency of the scales was calculated using Cronbach’s Alpha. Data 

revealed a high internal consistency of the AS, ERBS and Knowledge Scales (KS) 

(a=.87, a=.83, a=.84 respectively).  

 

Τable 4 

Abbreviations, Eigenvalues, Variances of factors and Cronbach’s Alpha Values for 

the Affective Scale (AS). 

Abbreviation (Factor name) Eigenvalues % Variance Internal consistency 

of each factor 

ATTITUDE (Factor 1) 
Anti-anthropocentrism 

Regulation Attitude 

Personal involv./Sense of responsibility 

6.65 26.60 .89 

INTENTION (Factor 2)  
Intention to learn/Eagerness to learn 

Intention to act/Willingness/Motivation 
4.11 16.46 .86 

AWARNESS (Factor 3) 
Eco-crisis 

Concern about Envir.Problems 
2.05 8.22 .59 

 

Τable 5  

Abbreviations, Eigenvalues, Variances of factors and Cronbach’s Alpha Values for 

REBS. 

Abbreviation (Factor name) Eigenvalues % Variance Internal consistency 

of each factor 

ACTION (Factor 1) 
Action regarding waste  

Individual Persuasion  

Personal and Political Action  

5.20 32.50 .87 

CON-HABITS (Factor 2) 
Conservation Habits/Eco-management  

Consumer habits 
2.19 13.68 .69 
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PRELIMINARY RESULTS 

Means and standard deviations of each component were determined using IBM SPSS 

19.0 (Table 6). 

Significant correlations were recorded between AFFECT and BEHAVIOR (r=13.50, 

p<.001). More specifically, there was revealed a linear regression between 

INTENSION and BEHAVIOR (t(58)=3.15, p<.05, r
2
=0.15) and between 

KNOWLEDGE and INTENSION (t(58)=2.43, p<.05,  r
2
= 0.09).   

Students’ BEHAVIOR differed according to their mothers’ sensitivity (t(56)=-3.13, 

p<.01). Furthermore, ATTITUDE differed among students with a role model in their 

life (t(57)=-2.62 p<.05). The analyzed data also reveal that students enrolled in the 

Science direction of studies demonstrated a significant higher level of environmental 

knowledge in comparison with students in Humanities (F(2)=9.26, p<.001).  

 

Table 6 

Range, mean scores and standard deviations of the scales measuring Greek 

secondary students’ Environmental Literacy. 

Scale Range Mean SD Level 

Knowledge 0-42 23.92 6.42 moderate 

Affect 1-5 3.81 0.42 high 

Behavior 1-5 2.57 0.57 moderate 

 

DISCUSSION AND CONCLUSIONS 

The environmental knowledge of post-secondary Greek students was found to be 

moderate. However, this result is only indicative, we suspect that their knowledge 

level is actually lower than moderate. This suspicion is based on research studies on 

student’s misconceptions. According to these studies even though multiple choice 

items successfully test students knowledge on a particular concept, a lot of times this 

was misleading because while students circle the correct responses when they were 

asked to explain their responses they did so incorrectly and revealed misconceptions 

(Khalid, 2003; Arslan et al., 2012). 

Since our sample consisted of very good students with high grade point averages, we 

conclude that their deficiencies in ecological and environmental knowledge were 

probably either due to a weakness on the content of the Greek school curriculum or 

due to teaching methodologies since most of the Greek science teachers use 

traditional teaching strategies providing information to students who memorize the 

material and try to reproduce it on the day of examination. 
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On the other hand, the Science-oriented students scored higher in contrast with the 

Humanities students, as expected. According to research studies students inclined 

toward science-affiliated subjects were more confident of their ideas, were tending to 

think in a less generalized, more specific manner and displayed significantly more 

knowledge than did the non-science affiliated students (Boyes et al., 1995; Hillman et 

al., 1996; Pe’er et al., 2007). The difference between the two groups may result from 

exposure in high school to science topics (such as physics, chemistry, biology, 

environmental science), from personal interest in environmental topics, or from 

exposure to the subject in nonformal frameworks. Similarly, Tikka et al. (2000) found 

that Finnish college students majoring in biology exhibited the greatest level of 

knowledge and they participated in many nature-related activities in comparison with 

students majoring in other subjects. 

Despite their moderate level of knowledge, students seemed to have a high level of 

ΑFFECT (attitudes, awareness and intention to act). This finding is consistent with 

research conducted among students in Turkey (Tuncer et al., 2005), Korea (Chu et al., 

2007) and Israel (Negev et al., 2008). This result was to be expected for the Greek 

students because they are exposed to Environmental Non-Formal Education Programs 

during school years that cultivate a high level of Affect. Unfortunately most of these 

programs do not significantly contribute to their Knowledge. 

Environmentally responsible behavior of the students was generally moderate. 

However, students with a high level of positive environmental behavior were those 

who strongly display the intention to act for the protection of the environment, 

willingness to learn more about these subject areas and were more knowledgeable 

than the others.  

It has been shown that the SLE shapes the environmental attitudes and actions of 

people (Chawla 2006; Hsu, 2009). This is also found to be the case in the present 

study. Experiences mentioned in our student sample were, most importantly, a role 

model in their life (most often a mother or a teacher) followed by extended time spent 

outdoors in nature, loss of a beloved natural place, and their participation in EE/ESD 

programs. These experiences seem to influence their attitudes positively towards the 

environment and their intention to act for its protection.    

These are only some of the preliminary results of our study. The instrument will be 

further implemented in a larger, more representative sample of the Greek population 

and then more complicated analyses methods (Path Model, etc) will be used for the 

interpretation of the results. We see the implementation of GELI as the first in a series 

of EL assessments that may help us assess where we stand with respect to EL in 

Greece. 
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EXPLORING SCIENCE LEARNING USING SMARTPHONES 
IN A SCIENCE MUSEUM: FOCUSING ON SCAFFOLDING 

 
Seulkee Park, Eun Ji Park, Chan-Jong Kim, and Seung-Urn Choe 
Seoul National University 
 
Abstract: Science museums have provided various guiding resources such as labels, 
worksheets, docents, and handheld devices to support visitors' understanding exhibits. 
Recently, smartphones have emerged as a new learning device because they can lead to the 
so-called m-learning (mobile learning), characterized by personal, self-directed, ubiquitous, 
instantly connectable, and communal learning. In other words, in many informal learning 
contexts including science museums, smartphones can scaffold the meaningful science 
learning. From that point of view, this study aims to investigate the characteristics of students’ 
science learning using smartphones in a science museum, especially focusing on scaffolding. 
Students' use and expectations of the functions of smartphones as the scaffolders were 
explored through the questionnaire survey. The questionnaire was developed based on the 
review of major studies about scaffolding. Total 316 students in a middle school in Seoul 
were participated in the survey. Actual use of the smartphone by the museum visitors was 
identified through the field research. Three couples’ visits to the National Science Museums 
in Daejeon (total six elementary students) were observed and recorded. They were also 
interviewed right after their visits. The survey result showed that only 49 students (15.5%) 
have used the smartphone during their visits. They preferred to use the smartphone for 
'frustration control' or 'direction maintenance' rather than 'social interaction' as features of 
scaffolding. Meanwhile, 'self-directed learning' and 'demonstration' occurred more often in 
the real visit situation. Finally, five types of smartphone users in science museums were 
identified: ‘delicate and meticulous achiever,’ ‘organized and all-round player,’ ‘data-
collector,’ ‘exhibit-hunter,’ and ‘nonuser.’ In conclusion, the self-directed feature of the 
smartphone was the most frequently used as scaffolding in science museums. On the other 
hand, students’ perception on social interaction feature of smartphones was low, and their 
actual use of the smartphone for social interaction was very limited.  

Keywords: Smartphone, Scaffolding, Science Museum, Informal Science Learning, Non-
formal Learning Environments 

 

INTRODUCTION 

The most basic characteristic of learning in science museums may be object-based (Paris, 
2002). By contact with the object, visitors can experience authentic inquiry-based science 
learning in the science museum (Kuhn et al., 2010). Leaning in science museums is also 
characterized as voluntary, learner centered, unplanned, and unstructured whereas it is 
difficult to offer the systemic, sustained, and designed assistances. It means visitors may feel 
difficult to understand various exhibits in depth. Hence, it needs appropriate assists so-called 
‘scaffolding’. In fact, many science museums have various artifacts or devices to guide and 
scaffold such as labels, worksheets, docents, and handheld devices. Recently, smartphone has 
emerged as a new resource because it can lead to m-learning (mobile learning), characterized 
by personal, self-directed, ubiquitous, instantly connectable, and communal learning (Whang 
& Kim, 2005). That is, the smartphone can play an important role as a scaffolder to expand 
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and transform every learning context including the science museum. 

From this point of view, the study aims to investigate the characteristics of elementary and 
secondary students’ science learning using the smartphones in a science museum, especially 
focusing on the features of scaffolding. Four research questions are as below: 

1. In the science museum, how many students used the smartphone and applications, 
and which function of smartphones do they use?  

2. Which features of the smartphone do the students regard as the scaffolding? 
3. Which features of scaffolding actually occur with the smartphone and the museum 

application during visit to science museum?  
4. Which types and characteristics of visitors’ science learning with the smartphone can 

be identified? 
 

METHOD 

This study consists of three parts: literature review, questionnaire survey, and field research. 

First, the features of scaffolding available in informal learning context have been summarized 
from literature review (Hammond, 2001; Jackson, Krajcit, & Soloway, 1998; Kong, 2000; 
Lepper, Drake, & O'Donnell-Johnson, 1997; Rosiek, 2003; Puntambekar & Hubscher, 2005; 
Reiser, 2004; Roehler & Cantlon, 1997; Stone, 1993, 1998; Tabak, 2004; Wood et al., 1976; 
etc.). Through the discussion among researchers the final features of scaffolding were 
identified: reduction in degrees of freedom, direction maintenance, marking critical features, 
self-directed learning (sharing and giving the responsibilities), recruitment (motivation), 
frustration control, ongoing diagnosis and tailored assistance, demonstration, and 
encouraging interaction (see Table 1). 

Based on the features of scaffolding, questionnaire items for investigation of use and 
perception of the smartphone in the science museum were developed. The questionnaire 
includes brief personal information, previous experience of visit to science museum and the 
use of the smartphones and applications in science museums (eleven multiple-choice and two 
5-point-Likert-scale items), and necessary features of scaffolding or functions when using the 
smartphone (31 5-point-Likert-scale and 1 multiple-choice items). The content validity of 
items was estimated by co-researchers and pilot test was conducted with 25 fifth-grade 
students. In the main survey, 316 seventh-grade students in a high-SES area of Seoul were 
participated. The researchers expected many students in this area have the experience of the 
use of smartphones.  

The field research was conducted in the National Science Museum in Daejeon. Actually, 
there are two science museums which provide the smartphone application for visitors in 
Korea, but this museum's application offered more functions than the other (see Figure 1). 
For that reason, the Basic Science gallery and the Industrial Technology gallery in the 
Permanent Exhibition Hall of this museum were chosen as the research sites through the pilot 
test. Participants of the field research were three couples (total six sixth-grade students). 
Before their visits, researchers introduced how to use the smartphones and the museums’ 
application. Then, their visits and pre/post interviews were videotaped and analyzed. 

Strand 9 Environmental, health and outdoor science education

1660



Table 1 
The analysis framework of scaffolding through the literature review 

Features of scaffolding In literature review In the smartphone 
1. Reducing the degrees of 
freedom  

Simplifying the task Guide to the tour course 

2. Maintaining direction Giving the limitation Clear explanation of the 
scientific principle in the 
exhibit  

3. High-lighting the critical 
task features  

Checking and 
emphasizing the 
important features 

Bridging between the 
preconception and the 
new information 

Effort for understanding 
the scientific principle in 
the exhibit 

Explanation of a new 
important term 

Teaching the history of  
the development of 
scientific principle 

4. Self-directed learning  Fading the supports 

Giving the learning 
opportunity and the 
minimal assistants 

Help for saving the 
photos and video or 
bookmarking 

Help for the free tour 

Help for the solution of 
curiosity 

Help for the self-
problem-solving 

Help depend on one’s 
need 

5. Motivating Offering various culture 
resources and social 
artifacts 

Giving challenging 
assignments 
Recruiting the child's 
interest 

Using multiple resources 

Connecting to the 
experience in everyday 
life 
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6. Controlling frustration Maintaining enjoyment 
of learning, reinforcing 
self-confidence, offering 
the familiar situation 

Reinforcing self-
confidence 

Offering the familiar 
situation 

Encouraging deep 
thinking 

Encouraging enjoyment 
of visit 

Offering interest from 
the written text, photos, 
video-clips, and audio 
resources  

Encouraging more 
interest in science 

7. Ongoing diagnosis and 
calibrated support  

Immediate diagnosis of 
error 

Asking the question or 
giving hints 

Check visitors’ 
misconception or what 
they don’t know  

Check what visitors 
know previously 

8. Demonstrating ideal 
solution paths 

Visualization 

Modeling 

Help for the explanation 
to others 

Help for sharing the 
information such as 
texting, using SNS, etc. 

Encouraging 
conversation with others 

Connecting to the extra 
study after visit  

9. Encouraging interaction Offering opportunities 
for the participation or 
cooperation 

Sharing information and 
thoughts through the 
conversation 

Showing how to 
manipulate the exhibit 

Introduction of 
experiments for 
understanding the exhibit 

 

Strand 9 Environmental, health and outdoor science education

1662



 
Figure 1. Examples of the smartphone application in the science museum. The intro page (a), 
the main page (b), the explanation page of each exhibit (c), and the map page (d). 
 
RESULTS 

The survey results showed that only 15.5% of participants (49 students) answered that they 
have used their smartphones during the science museum tour. In addition, among various 
functions of the smartphone, shooting photos and videos was used most frequently (90.5%), 
while the interactive service based on network system was least (31.0%) (see Figure 2). 
Similarly, their most wanted function of smartphone as the features of scaffolding were 
'frustration control' (M=4.01) and 'direction maintenance' (M=4.00), while the last one was 
'social interaction' (M=3.51) (see Figure 3). 

Figure 2. Used functions of smartphone in the science museum (n=49, multiple choice). 
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Figure 3. The expected features of scaffolding of the smartphone (5-point-Likert-scale, 
1=most negative, 5=most positive). 

 

The analysis of video data and interviews showed that 'self-directed learning' (by scanning 
QR code, shooting photos and video clips, or finding the locations of exhibits) and 
‘demonstration’ (by showing photos and video clips about how to operate the exhibit) 
occurred as the features of scaffolding by the smartphone in the real tour situation. In detail, 
peer group 1 (G1-S1 & S2) had no experience of using the smartphone in a science museum, 
and preferred looking at exhibits or labels without any other guide. However, one student (S2) 
had more experiences of visit to museum than the other (S1), and he wanted to enjoy alone. 
Therefore, interaction between members was less than others, and they were characterized by 
individual learning (see Table 2).  

Table 2 
An example of scaffolding for self-directed learning in dialogue of group1 (S1=student 1, 
S2=students 2) 

S1 S2 Feature of Scaffolding 

A kaleidoscope, kaleidoscope. 
It (QR code) is for this. 
 

(Scanning QR code) 
(Manipulating the exhibit) 
 

What is this? 
 

(Reading the label) 
 

Ah, patterns. 
Wow, beautiful! 

 help for saving the photos and 
video or bookmarking 

 (Recording the video clip) 

(After watching S2) 
 

Oh, I see.  
Going to record it. 
 

(Recording the video clip) 
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Meanwhile, group 2 (G2-S3 & S4) had a lot of expectations and would like to use 
smartphone in a science museum, and one of members (S3) preferred the planning before tour. 
Hence, they frequently interacted with each other, spent much time, and shooting a lot of 
photos and video clips (see Table 3). Besides, this group was the only one who used 
demonstration among all three groups (see Table 4).  

Table 3 
An example of scaffolding for self-directed learning in dialogue of group2 (S3=student 3, 
S4=students 4) 

S3 S4 Feature of Scaffolding 

(Checking the bookmark) (Checking the bookmark) 
 

I want to go to the universe, 
universe. 

help for the free tour 

Let’s go to this. 
Searching its location! 
 

(Clicking the location) 
 

It is here.  

 

But actually where is it? (Searching the current 
position) 
 

We are here, near the thermal 
power generation, so we have 
to go to the opposite side. 

OK. Let’s move. 
It’s easy because of this 
function. 

 

 
Table 4 
An example of scaffolding for demonstrating ideal solution paths in dialogue of group2 
(S3=student 3, S4=students 4) 

S3 S4 Feature of Scaffolding 

 I want to see this (the room of 
the light). 

showing how to manipulate the 
exhibit 

What is this? 
Ah, this works like… 
 

(Manipulating the exhibit) 
 

What happen? 

 

 May be this works wrong.  
(Looking at the picture) 
(Indicating the picture) 
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Look! I found it! 
 

(Looking at the video clip) 
 

It works!  
Hey, we have to transform this. 

  

 What?  
Look at this. 
We have to do like this. 

 

 (Manipulating the exhibit) 
 

Am I right? 
Yes. 
It turns into purple. 

 

 
Lastly, group 3 (G3-S5 & S6) already had the experience of using other handheld devices, but 
they usually focused on searching the locations of exhibits or the words they do not know. 
Also, their interaction with each other was not frequent, and their learning was more likely to 
find many exhibits (see Table 5).  

 

Table 5 
An example of scaffolding for self-directed learning in dialogue of group3 (S5=student 5, 
S6=students 6) 

S5 S6 Feature of Scaffolding 
 (Searching the exhibition and 

clicking the location) 
 

Let’s go to this. 

help for the free tour 

A hot-air balloon? 
Is it over there? 

 

 Go! 
(Arrived) 
(scanning QR code but 
manipulating the exhibit 
without checking information) 

 

(Indicating the exhibit) 
 

Is that right? 

(scanning QR code but trying 
to send an e-mail without 
checking information) 

(Moving quickly) 
 

More concrete features were analyzed depending on the individual characteristics. Students 
were categorized into 5 types of users: delicate and meticulous achiever (S1), organized and 
all-round player (S3), data-collector (S4), exhibit-hunter (S5 & S6), and naive nonuser (S2). 
Among them, S2, a naive nonuser, had very high expectation, but after tour, most 
satisfactions became low (except reduction in degree of freedom). On the other hand, S4, a 
data-collector's satisfaction became higher than the expectation. It means despite the fixed 
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and unfaded scaffolding by smartphone, individual characteristic and attitude about learning 
influences whether it is effectively performed or not (see Figure 4). 

 

Figure 4. Students’ expectation and satisfaction of features (Exp. = Expectation, Sat. = 
Satisfaction, (1) = reducing the degrees of freedom, (2) = maintaining direction, (3) = high-
lighting the critical task features, (4) = self-directed learning, (5) = encouraging interaction, 
(6) = motivating, (7) = controlling frustration, (8) = ongoing diagnosis and calibrated support, 
(9) = demonstrating ideal solution paths). 
 

CONCLUSION AND DISCUSSION 

According to the Vygotsky's perspective, Wood, Bruner, and Ross (1976) devised and named 
the concept of the advanced person’s supports in ZPD as ‘scaffolding’. Since then, many 
researchers have examined and evolved this concept. These days the field of ICT, e-learning, 
m-learning, and u-learning is core about that research. This study attempted to find out the 
available features of scaffolding by the smartphone from various literatures, and examine 
them in the science museum context.  

From the survey, we can say that use of the smartphone in the science museum is not general 
to student. Nevertheless, in case of use of the smartphone, the shooting photos and video clips 
were used approximately twice times than other functions.  

In addition, the most wanted function of smartphone as a feature of scaffolding was 
‘frustration control’. In the real visit situation, however, the self-directed feature occurred the 
most generally.  
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Besides, there were five types of the smartphone users in the science museum in this study. 
Those are influenced not only by the features of scaffolding in the smartphone, but also by 
the individual characteristic and attitude toward learning. 

In spite of the potential for scaffolding, students’ perception of social interaction service 
remained low and their use of functions was also limited or different than their own 
expectation. Also, even if the smartphone offer the fixed and unfaded scaffold, it is the 
individual characteristic and attitude toward learning which could affect more their actual use 
of smartphone. 

Therefore, for more meaningful and constructive learning in the science museum, interactive 
features and various useful functions of smartphone should be emphasized and introduced 
intentionally and externally by application designers or science museum curators. Moreover, 
in the application of the science museum, various individual learning patterns or attitudes 
should be concerned. 
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ESTABLISHING AND MAINTAINING STEM-RELATED  
SCHOOL-INDUSTRY PARTNERSHIPS: 

OPPORTUNITIES AND OBSTACLES 
 
Raquel Rios Font, Anna Artigas Roig and RoserPintó Casulleras 
CRECIM, Universitat Autònoma de Barcelona, Bellaterra, Spain 
 
Abstract: Increasing young people’s interest in Science, Technology, Engineering and 
Mathematics (STEM) is a common goal shared by all European countries. Besides the 
need to assure STEM literacy for all citizenship, these countries are concerned about 
current and/or future shortages of well qualified STEM human resources, a key factor to 
assure their economic competitiveness. In this context, within the multiple initiatives 
that currently exist to enhance students’ engagement in STEM subjects and careers, 
school-industry collaboration can be especially useful. The collaboration between the 
worlds of industry and education has been argued to offer several opportunities to 
students, teachers and schools as well as to companies, employers and employees. 
However, despite the multiple benefits that these partnerships can bring, they are not as 
common as it would be desirable. In fact, the collaboration between the worlds of 
industry and education is not an end in itself and there are many obstacles that the parts 
involved need to overcome. The aim of the present research is to identify which kinds 
of obstacles impede STEM-related school-industry partnerships, according to the main 
stakeholders (i.e. representatives from industries and from schools), in order to shed 
some light on how the establishment and maintenance of these links could be enhanced. 

Keywords: STEM, School-industry partnership, opportunities, collaboration, obstacles 
 
 
BACKGROUND AND FRAMEWORK 
It is widely accepted that scientific and mathematical literacy are essential for the proper 
development of students (and citizens) throughouth life, and thus, it is important to raise 
interest in STEM disciplines among young people at early ages. In fact, the European 
Commission published in 2006 the Key Competences for Lifelong Learning – A 
European Framework, defining mathematical competence and basic competences in 
science and technology as being one of the key competences that “all individuals need 
for personel fulfilment and development, active citizenship, social inclusion and 
employment” (EC, 2007).   

On the other hand, in most European countries there is a current concern regarding the 
potential shortage of qualified professionals in STEM in the near future (Harland, 
Straw, Stevens, & Dawson, 2012), as highligthed through the Lisbon Strategy in 2000 
and the re-launched strategy in 2005 (EC, 2010). In fact, although absolute numbers of 
science and technology students have been rising in line with access to higher 
education, their relative share has been falling in tertiary education (Figure 1) and upper 
secondary levels in several OECD countries (OECD, 2008). However, it is not only the 
quantity but also the quality of STEM professionals what poses a challenge for 
European economies. According to a recent report, the future labour market will be 
characterized by quantitative and qualitative mismatch, the former implying that there 
will be fewer workers than jobs in the future and the latter implying that the skills of the 
workers do not match the required skills of the job (Berkhout, Sattinger, Theeuwes, & 
Vokerink, 2012). Undoubtedly, many future jobs will require at least basic (if not 
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advanced) skills in science and technology, and students will need to aqcuire the 
required competences to develop these jobs (CBI, 2013). 

 

 
 
Figure 1: Tertiary education graduates in Maths, Science and Technology as & of all 
fields (EU-27 countries). Source: Eurostat Statistics (Population and social 
conditions/Education and training/Database/Education indicators – non-finance/Tertiary 
Education Graduates (educ_itertc). Last update 11.06.13 / Extracted on 26.06.13. 
 
In this context, several sectors which have not traditionally been involved in education 
but which depend on qualified STEM higher graduates and technicians are currently 
investing much effort in order to improve students’ STEM literacy and increase 
vocations in STEM careers. This is the case of the industrial sector, which might have 
traditionally been distant from the world of education at primary and secondary levels, 
and has shown in the last years an incrasing interest in collaborating with schools [1]. In 
this sense, school visits to industry facilities, talks given by employers/employees who 
volunteer to go to schools, and debates or research projects performed by students in 
collaboration with experts from companies are nowadays a common practice in several 
countries, although many differences exist from one to another. 

 
Rationale and Purpose 
Several studies have highlighted the multiple benefits that education activities 
performed in collaboration with industry can bring (NCSR, 2008; ERT, 2008; Mann & 
Stanley, 2010; Mann & Oldknow, 2012; Burge et al., 2012; Harland et al., 2012) 
including a positive impact on students’ vocational/employability skills, knowledge and 
understanding, academic and learning outcomes, and enjoyment and engagement 
(Burge, Wilson, & Smith-Crallan, 2012). Collaboration between schools and STEM 
professionals can also help to enrich the school curriculum by providing real-life 
contexts of STEM disciplines and to give information about STEM careers for students, 
teachers and career advisors (ERT, 2009). Moreover, this kind of cooperation can also 
contribute to the leadership of schools and to the development of teachers’ expertise in 
particular curriculum areas (Mann et al., 2010). 

However, despite the benefits that school-industry partnerships can bring to their 
participants, they are not as frequent as it would be desirable, and few stable initiatives 
occur, usually in certain countries (e.g. the Netherlands and the United Kingdom, which 
have a longer tradition in this field) and for specific levels of education (e.g. university 
and vocational education and training). In fact, the collaboration between the worlds of 
industry and education at primary and lower secondary levels can be difficult to initiate 
and maintain in a sustainable manner, since it is not an end in itself and the involved 
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parts might have to face several challenges (Eurydice, 2011; Harland et al., 2012). It 
would be necessary, thus, to analyse which obstacles the partners can encounter that 
make this kind of partnerships scarce, something that few studies have explored 
(YouGov, 2010; Harland et al., 2012) . For instance, obstacles might exist both for 
school teachers who try to establish collaboration with a company, as well as for 
industrialists who are keen to cooperate with schools. However, the benefits for 
cooperating with industry might be quite obvious for a vocational teacher, whereas a 
STEM professional (and even a primary school teacher) might not see any advantage on 
the collaboration. In this context, policy makers can also contribute to support this kind 
of relationship by promoting specific policies.  

With this in mind, identifying the main obstacles that the parts involved can encounter 
in their collaboration is a crucial step to be tackled in order to help improve the 
development of such partnerships and their effectiveness in promoting young people’s 
interest in STEM. It is also important to establish a fruitful dialogue among the 
educational, industrial and political sectors to try to find a proper alignment of their 
positions, since this could represent a driving force for improving the promotion of 
useful and efficient collaborations between school and industry which can benefit all the 
parts involved. 

In this work, we aim at answering the following research question: which are the main 
obstacles for the establishment and sustainable maintenance of school-industry 
collaboration, according the main involved stakeholders (i.e. representatives from 
industries and from schools)? 

 

METHOD 
In order to answer this question, we have based on the information collected through a 
set of reports which summarised the results of 15 national workshops organised within 
the frame of a European project called ECB/inGenious.  

Sample: 15 countries involved in the ECB/inGenious project provided information to 
perform the analysis: Austria, Belgium, Denmark, Estonia, Finland, France, Germany, 
Israel, Italy, Netherlands, Portugal, Slovakia, Spain, Sweden and United Kingdom.  

Instruments for data collection: In order to gather the points of view of the different 
actors involved in school-industry collaboration, a set of national workshops was 
organised bringing together representatives from the worlds of industry and education 
as well as political authorities involved in school-industry partnerships. These events, 
which were organised in the 15 countries participating in a European project called 
ECB/inGenious, aimed at establishing a fluent dialogue among stakeholders from 
industry and education in order to share their perspectives about the current situation of 
STEM-related school-industry partnership (and particularly about the existing 
obstacles) in order to come out with recommendations. 

The organisation of these workshops was in charge of partners of the ECB/inGenious 
project. Subsequently, the organiser partners prepared a report gathering the main 
outcomes of each workshop, with a specific chapter devoted to the motivating factors 
and expected benefits as well as the key challenges in initiating and maintaining school-
industry collaborations, from both the industry and the school perspective. The data 
used to perform the analysis was obtained from a set of 15 reports from the countries 
listed in Table 1. 
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Analysis: The information gathered through the 15 National Needs Analysis reports was 
qualitatively analysed in order to identify the kind of obstacles that both the industry 
and the school find in the establishment and maintenance of school-industry 
collaborations. The statements reported under the sections devoted to the motivating 
factors and expected benefits and to the key challenges for initiating and maintaining 
school-industry collaborations (from both the school and the industry perspective) were 
coded and categorized according to their typology, and subsequently classified under for 
main kinds of obstacles. 

 
Table 1 

List of countries from which national reports were used to perform the analysis. 

Austria France Portugal 
Belgium Germany Slovakia 
Denmark Israel Spain 
Estonia Italy Sweden 
Finland Netherlands United Kingdom 

 
 
RESULTS 
Figure 2 shows the frequency with which the different categories of obstacles identified 
through the 15 reports (and which are listed from A to K) appear in the set of reports. 
These obstacles were subsequently classified in four main families of obstacles, as 
shown in Table 2. 

 

DISCUSSION 
Structural obstacles 
As seen in Table 2, the most frequently reported obstacles for the establishment and 
maintenance of school-industry collaborations were classified under the category of 
structural obstacles, and include several issues which have to do with partners’ limited 
availability of resources, support and infrastructures. The term “resources”, in this case, 
stands for several concepts such as: appropriate and competent staff to establish and 
implement the collaborations; funding to cover costs of materials or equipment and 
travel expenses for extracurricular excursions outside the local community; time 
investment due to the excess of workload for schools and companies; know-how and 
methodologies to support cooperation between schools and industry. All these are, 
somehow, interrelated resources, since from the economic point of view, time and staff 
to support the cooperation need to be paid for.  
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Figure 2: Categories of obstacles identified and their relative frequencies in the reports. 
 
 
Table 2 

Classification of the types of obstacles hindering the establishment and maintenance of 
school-industry collaborations and percentages over total obstacles. 

Category Family of Obstacles 
Lack of resources (economic/human/time) 23% 

STRUCTURAL 35%Lack of support 10% 
Geographical closeness between schools and companies / 
lack of companies in low industrialized regions 2% 

Goals of the collaboration 18% 
MOTIVATIONAL 33%Lack of partners interested in collaborating 9% 

Lack of continuity/commitment between partners 6% 
Communication between partners 13% PROCEDURAL 17%Existing regulations 4% 
Different realities of the worlds of industry and education 13% 

CULTURAL 16%Matching of schedules 2% 
Negative stereotypes of industry in schools 1% 

 
 
In this sense, schools often find a lack of funding (either from the state or from the 
industrial sector) to face the costs involved in the participation of activities, which will 
obviously depend on the kind of projects that are carried out in collaboration with 
industries. For instance, if we talk about the use of teaching resources developed by 
companies, “when materials or equipments to be used at school are expensive, their use 
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will be limited, whereas when materials are cheaper they can be used by and 
disseminated to more teachers” (quote from the Belgian report). On the other hand, and 
according to the Finish report, when the activities involve visiting some industry 
facilities “the main challenge is the cost of travelling”, and although some schools may 
get “a sponsored bus ride from the company being visited”, this possibility might not be 
always feasible.  

From the industry perspective, the availability of personnel resources for cooperation 
with schools is one of the main concerns, which might be even greater for SMEs. In this 
sense, “industry-school relation is not only based on large companies but also on local 
industries that unfortunately do not have an internal department dedicated to research 
and education” (Italian report). Moreover, and according the Belgian report, “very often 
the role models that schools are interested in to give presentations are young executives 
that can easily bond with the youngsters in the classroom. However, it is exactly those 
young executives that are constantly under pressure in the company, have a heavy 
workload and can hardly be missed. Nevertheless, it has been proved that youngsters 
are not only interested in CEO’s and young executives but also in the young employees 
that are carrying out tasks that they migth be doing later. Involving both categories in 
school industry cooperation may thus prove to be useful.” 

When comparing both perspectives on the lack of resources, we find that the main 
concern for industry is the lack of staff with available time and a proper profile to work 
on the establishment and implementation of the collaborations, while schools are more 
worried about the time investment that the excess of workload represents.  

In this sense, another highlighted barrier is the lack of know-how and methodologies to 
support both schools and companies in facilitating the proper development of the 
collaboration (for instance, through certain guidelines which could provide them with 
practical advice and suggestions). 

On the other hand, some of the parters also find a lack of support within their 
organisations and other institutions. In particular, from the school’s perspective 
“successful school-industry cooperation is only guaranteed by a positive attitude of the 
school administration” (Estonian report), and thus, it would be necessary that 
headteachers “include it in the management strategy” (Danish report). In some cases, 
the lack of support from other teachers who think that school-industry collaboration is 
not important was also perceived as an obstacle, as stated in the report from Denmark. 

We can take a statement from the French report which illustrates these ideas: “Very 
often it [the school-industry collaboration] is the responsibility of one teacher although 
it should be a team effort within the school. Other teachers should not only be interested 
but also share the work.  When the work is shared and distributed in a different way it 
would be easier to implement school-industry collaboration. The work within the school 
should also be organised in a different way. More courses could be developed together 
with other teachers and industry, thus saving time that is otherwise used to develop 
course materials. Thus, pedagogical resources of excellent quality can be made 
available which save time for the teachers so that they can then devote more time to 
other aspects of the collaboration with industry. It is therefore important to find tools 
and practices that can be distributed and disseminated on a large scale.” 

Finally, the geographical distance between schools and companies can be also an 
obstacle for certain kinds of collaborations. This impediment is especially noticeable in 
low industrialized regions, where schools might find it difficult to find companies to 
visit. In these cases, apart from the cost of transport, teachers find another challenge 
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which is the fact that “the mobility of students is their civil responsibility” (French 
report). 

 

Motivational Obstacles 

A different group of barriers that have been frequently mentioned are related to the 
interests and motivations of the parts involved, and have thus been categorized as 
motivational obstacles. 
One of the most frequent one has to do with the different goals of the collaboration for 
both partners, which involves an unclear matching of expectations. In fact, it must be 
kept in mind that the motivating factors for industries and schools to collaborate are 
different, as it has been possible to show through the qualitative analysis of the report 
(see Table 3).  

From the industry perspective, and considering the concern about current and future 
shortages of qualified STEM professionals, the main driving force for collaborating 
with education is the will to increase recruitment of well prepared STEM professionals 
and to train future employees. In this sense, industry expects that their involvement in 
partnerships with schools will, in the long-term, contribute to ensure provision of well-
trained employees in the future. 

In France, “just for the metallurgy sector more than 100.000 people annually retire or 
move to other sectors and have to be replaced”, and since the sector mainly needs 
qualified operators, engineers and technical staff, “the industry needs better qualified 
people with competences at a higher level”. 

In Sweden, although “the engineering industry is very large and young people’s interest 
in STEM related education is fairly high, the interest is too low for the amount of STEM 
related jobs in the country, and therefore many companies want to collaborate with 
schools on all levels in order to raise awareness of the career possibilities in the 
industry.” 

From the school perspective, the driving force for collaborating with industry is the will 
to enhance the quality of education by making STEM teaching more interesting 
and attractive.  

Teachers from several countries reported that they want to offer better teaching and that 
school-industry collaboration can “improve students’ engagement in lessons and in 
education and higher education” (British report). Activities in collaboration with 
industries allow connecting STEM education with real life, extending students’ 
“knowledge of details and processes within technology oriented production” (Swedish 
report), and offering the possibility that STEM professional experts can “transmit them 
their everyday reality and the relevance of their work for the society” (Spanish report). 

In this sense, “instructional materials and teaching aids prepared by industry in 
collaboration with teachers” (Estonian report) are perceived as useful resources to make 
the process of education more attractive, preferably if they “can be used by a larger 
group of teachers” (Belgian report). It has been also pointed out that collaboration with 
industry can “support extracurricular activities at school” (Estonian report) and 
“enhance the informal learning of pupils” (Belgian report). 

Moreover, two other reasons which might motivate teachers to get involved in these 
kind of partnerships are that “industry partners may offer some equipment for use that 

Strand 9 Environmental, health and outdoor science education

1676



 

would not be otherwise possible in normal schools” (Finish report)  and that “financial 
support by the industry partner is sometimes the only way to ensure a state-of-the-art 
equipment of schools” (Germany).  

It was also reported that “teachers want to offer better teaching and better teaching 
materials that link up with the teaching and learning objectives but also that link up 
with the needs of the labour market”(Belgian report). In this sense, they see school-
industry collaboration as mechanism to “offer the students the opportunity to know 
directly the work that is carried out in the companies where they might work in the 
future” (Spanish report). 

 
Table 3 

Motivating factors leading to school-industry collaboration (expressed in % of the total 
motivatging factors). 

Main motivating for industry 
Concern about current/future shortages of qualified STEM professionals 45% 
Corporate Social Responsibility 29% 
Improve social image of the industrial sector in the community 16% 
Improve students' career and professional orientation 11% 

Main motivating factors for school 
Enhance the quality of education by making STEM teaching more interesting and 
attractive 46% 

Improve students' career and professional orientation 24% 
Rewarding experience for teachers 22% 
Promote students' engagement in STEM 8% 
 
 
There are, of course, other secondary objectives for both parts which foster them to 
cooperate. From the industry perspective school-industry collaboration could represent 
a way to support the economy and the education system of the country through its 
corporate social responsibilities and to improve the reputation and social image of the 
industrial sector in the community. From the point of view of schools, participating in 
this kind of partnerships can represent a rewarding experience for teachers, since they 
might have the opportunity to do professional development and networking and “to 
learn more from STEM used in industries and about what they are teaching, and to 
have different challenges in their working life” (Finish report).   

In any case, it is important to bear in mind that the main motivating factors for both 
industry and school are usually associated to expected benefits with different tempos. 
This is to say, increasing the number of qualified STEM professionals might be a 
medium/long-term benefit, while improving STEM teaching with the support from 
industry can be seen in the short/medium-term. 

In this sense, if the expectations for both school and industry are too distant, it is 
difficult to find proper arguments for establishing the collaboration. Thus, common 
goals targeted at the short-term need to be defined to pursuing “quick wins”, so that 
progress is seen early on and partners are inspired to continue forward to the “long-term 
gains”. 

There is, however, a shared motivating factor for establishing collaborations, which is 
the will to improve students’ professional orientation. According to the French report, 
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“teachers are a key factor in shaping the career aspirations of their students: they 
transmit their vision to their students”.  However, sometimes teachers are not aware of 
the various career opportunities existing in science and technology, and working with 
industry representatives might help to update their knowledge on this. Thus, the 
establishment of collaborations between schools and industry can positively “contribute 
to encourage more students to turn to science and technology when they make their 
study or career choices” (French report). 

On the other hand, the partners might have questions regarding the value, usefulness 
and/or benefits of their involvement in a school-industry partnership.  

For example, from the school’s perspective “the collaboration must really be useful for 
the school (and the company), and materials developed or equipment offered must be 
really useful and easy to use” (Belgium report). However, the view from industry might 
be different, and according to the report from United Kingdom, “it isn't the role of 
industry to come up with polished resources for schools to use, it is about industry 
providing the context and the resources that are available in a more easy to find and 
navigable way”. 

There are different views also from the educational perspective, as shown by the French 
report: “certain teachers are rather sceptic about school-industry collaboration and 
wonder whether they should find their inspiration in what happens in industry to make 
their lessons interesting. They also wonder whether the school-industry collaboration 
has an impact on the pupils”. 

In any case, and as pointed out in a couple of reports, (Belgium & France) “school-
industry collaboration must remain attractive and useful as well for the school as for 
the company, and it must remain a win-win situation for all parts involved”. Thus, 
“setting clear and measurable objectives is one of the main challenges in order to be 
able to evaluate the results of the initiatives and detect possible areas of improvement 
for future actions” (Spanish report). In other words, “the key is that both parties clearly 
know the objectives that they want to achieve and that they are capable of designing 
together the actions that will be carried out to achieve the planned objectives” (Spanish 
report). 

Not surprisingly, the lack of a clear alignment of goals and expectations of school and 
industry can lead to a lack of partners interested in collaborating, which was another 
frequently mentioned obstacle. Nevertheless, the situation will be highly dependent on 
the level of education, as referred in the Belgian report: “general secondary school 
teachers are often not interested in school-industry cooperation, while vocational and 
technical school teachers are much more by the nature of the schools”. 

On the other hand, it must be kept in mind that industry priorities might be distant from 
school-industry collaboration, and that its main objectives will always prevail over any 
other initiative.  In this sense, “when the overall economy shows decreasing growth, it is 
very hard for any company to continue in school-industry collaboration, and these 
activities will be the first ones to be cancelled when the times are tough” (Finish report). 
In other words, “education is not the primary task of a business manager, and broad-
minded directors who can talk charismatically about own industry do not have the time 
to teach young people” (Estonian report). 

Finally, the lack of continuity and commitment between partners has been also 
identified as an important barrier for the maintenance of school-industry partnerships. 
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As stated in the Belgian report, “schools expect a commitment of the companies when 
initiating school-industry collaboration. This would definitely enhance the sustainability 
of the collaborations. The commitment should be translated into an official contract 
mentioning how the cooperation will be implemented and for how long. The contract 
should also state how the cooperation between school and industry should be 
evaluated”. 

In line with this, and according to the Spanish report, “in order to maintain the 
motivation and the trust of the companies, it is essential to remind them that all efforts 
put in the collaboration are targeted at medium-long term benefits, so perseverance is a 
must to achieve them”. However, the success of long lasting relations is a delicate 
matter, and sometimes it is argued that they are “easy, effective and founded at a high 
organisational level” (Danish report). 

 

Procedural obstacles 

Other kinds of barriers that have been identified are related to the way school-industry 
links are managed, and thus we have categorized them as procedural obstacles. 

In this sense, communication between partners is one of the most frequent difficulties 
for establishing and maintaining collaborations. In particular, finding the right contact 
person to initiate the first steps is not an easy step, and this seems to be particularly 
challenging for schools, since “many teachers don’t know how to contact companies”, 
as stated in the Swedish report. 

In line with this, according to the Finish report “usually the teacher needs to have 
personal friend or former connection to industrial partners in order to start a new co-
operation. It is not easy to succeed in getting in touch with new industrial partners 
contacting them by phone “. 

Moreover, keeping the contact between partners might also be not easy, especially when 
there are changes of personnel within the involved partner institutions, since “this often 
leads to decrease engagement in the collaborations” (German report). Several other 
statements from different reports support this idea: “industry representatives mentioned 
the mobility of teachers from one school to another (to distance places) as one of the 
key challenges in maintaining school-industry collaboration” (Portuguese report). 
“School collaboration is performed by enthusiastic people. If there will be changes in 
the positions the co-operation will soon die out. Only in very well planned and large 
projects the collaboration will survive change of personnel” (Finish report). 

On the other hand, existing legislation and regulations can also represent a limitation for 
the development of certain kinds of partnerships. Companies, for instance, might have 
certain rules which difficult the access of young people to their facilities, as pointed out 
in the Finish report: “one known problem for school industry cooperation (namely visits 
to factories) is the strict rules of age. There are not many factories where minors are 
allowed to enter”.  These regulation limitations seem to exist also from the school side, 
and according to the Belgian report, “representatives from industry often find the 
regulations of the schools outdated and inflexible and they regret the lack of flexibility 
and motivation of certain teachers”. 
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Cultural obstacles 

Finally, the last group of barriers that have been identified has been labelled as cultural 
obstacles, since they have to do mainly with the different ways of working in school 
and industry and with the own intrinsic and unalike characteristics of both worlds. 

Of course, the situation is very different depending on the level of education, since there 
is much more tradition in school-industry collaboration at the Vocational and Education 
Training and University levels than at primary and secondary education. This fact was 
highlighted in several reports: “In technical and vocational schools, school-industry 
collaboration is usually based on a tradition where school and industry work together 
on traineeships, final assessments of the integrated tests of the pupils, etc. In that case 
expanding the collaboration or making it more structured will usually not pose many 
problems. As far as general secondary schools are concerned, there is no such tradition 
and representatives of industry often wonder where to start” (Belgian report). 
“Teachers are not interested enough in what happens in companies and in industrial 
activities (with the exception of VET schools)” (French report). 

In any case, the fact that the worlds of industry and education belong to different 
realities represents one of the major obstacles for establishing partnerships, since there 
is often a lack of awareness about each other. For instance, and as mentioned in the 
French report, “the teachers present at the seminar confirm that is easier to work with 
and share expertise with teacher training institutions or higher education institutions 
than with industry”. Moreover, schools usually lack information about the opportunities 
to collaborate with companies and about the nature of the collaborations they could 
establish together, as stated in both the British and Estonian reports. 

The lack of mutual awareness might also lead to the existence of negative stereotypes of 
industry in schools, although as stated in the French report, “the schools that have 
already collaborated with industry point out that they have rarely had the experience 
that companies wanted to sell their products and thus were only interested in 
cooperation for commercial reasons”. 

On the other hand, the fact that school and industry schedules generally do not match 
can be also a difficulty for the development of certain collaborations. As highlighted in 
the Spanish report, “it is important to take this into account when designing the 
cooperation initiatives for two reasons: ‘important moments’ are not coincident, as the 
year end for the company and the period of exams for the school, and it is difficult to 
plan activities considering available times for both parties”. 

 

CONCLUSIONS AND IMPLICATIONS 
It has been argued that a closer cooperation between the worlds of industry and 
education can bring multiple benefits to both parts, and might represent a catalyst to 
enhance students' interest in STEM subjects and careers. However, many barriers need 
to be overcome by the partners involved, which make these collaborations less frequent 
than would be expected. Through the present study, we aimed at exploring these 
obstacles from the perspective of industry and education. In this sense, the organisation 
of 15 workshops at European level bringing together several actors involved in school-
industry collaboration represented an interesting methodology to get to know the current 
situation of this kind of partnerships across Europe. This allowed us having a general 
perspective about the expected benefits for the different partners and the main reasons 
which difficult school-industry collaboration, and also represented an opportunity to 
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establish a fluent dialogue among the relevant actors (i.e. representatives from industry 
and education, as well as political authorities). 

The results obtained through this study allowed us identifying a broad and diverse range 
of obstacles which hinder the proper establishment and successful maintenance of 
school-industry partnerships, according to the participants in the 15 national workshops. 
These obstacles were classified under four main categories, the two most frequent ones 
being structural and motivational barriers. The qualitative nature of the analysis did not 
allow looking at statistical differences regarding particular barrieres highlighted from 
the different countries, although general agreement was found regarding the kinds of 
obstacles that currently hinder school-industry collaborations. 

It is worth mentioning that, despite the existing motivations and expected benefits for 
participating in school-industry partnerships, the existence of such a variety of obstacles 
makes it unlikely that they can be established and maintained based only on the wish 
and will of companies and schools. In this respect, more resources and support need to 
be provided from organisations at higher levels (local/regional/national political 
authorities, industrial foundations, employees’ organisations, trade unions, teachers 
associations, etc.) in order to help not only to overcome structural obstacles (which are 
obviously an important limitation), but also to contribute to a better alignment of goals 
and expectations, which is an essential aspect of motivational obstacles that needs to be 
tackled. 
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NOTES 
1. A broad range of projects and programmes are promoted across Europe, both by 
private companies as well as by other kind of private or public-private organisations 
such as STEMNET in the UK (www.stemnet.org.uk), Jet-Net in The Netherlands 
(http://www.jet-net.nl), the House of Natural Sciences (www.nvhus.dk) and the Danish 
Science Factory (http://danishsciencefactory.dk) in Denmark, Wissensfabrik in 
Germany (https://www.wissensfabrik-deutschland.de), and Teknikföretagen in Sweden 
(http://www.teknikforetagen.se).   
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Abstract: Nowadays and in the future current urban development faces new challenges. 

There are not only the problems of supply and increasing pollution, but also rapid 

population growth in cities and climatic changes. The microclimatic changes and the 

particularities compared to the surrounding regions, are reasons why urban climate is 

counted as a special form in the climate system. The combination and severity of many 

different elements, such as temperature, topography etc., contribute to urban climate and 

generate a highly complex climatic constellation specific to a city. The K.Ö.L.N.-Project 

(In German: Kreatives. Ökologisches. Lernen für Nachhaltigkeit. In English: Creative. 

Ecological. Learning for Sustainability.), which is embedded in the ZdI-Students’ Lab (ZdI 

= Zukunft durch Innovation. In English: Future due to innovation.) of the University of 

Cologne, gives secondary students a better understanding of the urban climate in their local 

environment, which is Cologne (German: Köln), the fourth biggest German city. On the 

basis of six experiments, physical objects and processes in the urban area of Cologne are 

brought to a model level showing the different elements of urban climate. In so doing an 

intense focus is put on the linkage to temperature as a measuring element. Another learning 

target is the interconnectedness of the influencing factors and elements of urban climate. In 

the second phase of the project different ways of teaching urban climate at school are used 

to test which forms of teaching strengthen the interconnectedness of a complex topic. The 

middle- to long-term goal is to implement an interdisciplinary basic module on urban 

climate as a constant component in the ZdI-Students’ Lab. Another goal is to show schools 

basic approaches of teaching complex subjects, such as urban climate, especially on a 

secondary level.  

Keywords: interdisciplinary teaching, complexity, urban climate, experiments, 

society and environment education  

 

INTRODUCTION 

In future more than 70-80 % of the world’s population will be living in cities or urban 

regions (Schlünzen, 2012). Since cities presently contribute to 55-85 % of the national 

income of their countries, which is a great economic factor (Girardat, 2012), they are quite 

important now and in the future. As a consequence the question of livability in urban 

regions, cities and megacities has become a stronger focus of current urban development. 

Challenges, such as dealing with problems of supply, increasing pollution, rapid 

population growth, climatic changes and many smaller diverse problems resulting from 

those larger ones, are and will be of deciding outcome for the livability in many cities 

(Schult, 2013a). Within this discussion urban climate is a central topic not only for 

Geography, but also for many scientific disciplines. 

Due to it’s micro- to mesoclimatic changes and it’s particularities in comparison to the 
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surrounding rural regions, urban climate has taken on a special position when discussing of 

climate systems (Henninger, 2011a). Urban climate is a complex constellation of many 

different elements such as emissions, temperature, the expansion of “green” and water 

areas, wind systems, geographical location, building structure of the city etc. (see Figure 

1). 

 

 

Figure 1. Elements that influence the urban climate of cities. 

 

The specific combination and severity of these elements generate a highly complex 

climatic constellation for each city, which means that there cannot be a universally valid 

solution for the problems and each city’s urban climate should be analyzed individually 

(Henninger, 2011b). However there are many aspects and processes that are similar and 

therefore at least can be explained scientifically on model-cities and then modified to the 

specific situation of other cities (Schult, 2013b). 

These characteristics of urban climate in general make it hard even for scientists to 

understand the processes and the interconnectedness of the influencing elements of urban 

climate because of their complexity. So one of the emerging questions is, how are students 

at the secondary level supposed to understand this complex topic, which is becoming more 

important in the school curricula? This paper proposes a project that uses and tests a 

concept and it’s modifications to achieve a higher understanding of complex topics for 

students by using the example of urban climate of Cologne, Germany. 

 

RATIONALE 

Due to it’s complexity, the topic urban climate, which comprises side and long-distance 

effects are difficult to calculate and conceive (Dörner, 2010). This interconnectedness 

means that the influence of one element does not stay isolated, but influences other 

elements and processes, evolving in side and long-distance effects (Dörner, 2010), which 

are hard to determine. Also Kross (1995) claims that complexity is one of the problems in 
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geography education. Due to globalization the world is becoming more and more complex 

making it necessary to have a wide and excessive temporal and spatial perspective, which 

does not go along with the cognitive abilities of young people. These facts imply 

challenges for teaching and for learning this topic. Furthermore students must have a 

certain level of knowledge in several scientific subjects such as physics, chemistry, 

geography, biology etc. in order to be able to understand the basics of the topic urban 

climate.  

In “Grundsätze und Empfehlungen für die Lehrplanarbeit im Schulfach Geographie” 

(engl.: Fundamentals and recommendations for the curriculum of the school subject 

geography) written by the work group Curriculum 2000+ of the German Society for 

Geography (DGfG) in 2002, Gudrun Ringel discusses reasons and the necessity for urban 

ecology and sustainable urban development to be topics in school. She expresses the 

importance of dealing with urban-ecological questions in geography lessons, because it 

also contributes to environmental education and offers students a lot of possibilities to 

accomplish competences on contents and methods. Urban ecology also requires a multi-

perspective spatial awareness and evaluation skills (Ringel, 2002). She emphasizes that the 

topic has a strong connection to the real world and experiences of the students and 

therefore also specific personal and social competences can be aimed at. Ringel suggests 

that, because of the complexity of urban ecology, there should be a change on the scale 

between global, regional and local ranks to reflect the contents more easily. Finally she 

recommends teaching the topic urban climate from grades 10 to 13 (corresponding to the 

German school system) and to use big cities as examples while dealing with the topic. 

However Germany’s school system has taken on some major reforms since 2002, 

including a reduction of school years at academic high schools from 9 to 8 years (called 

G8).  

These reforms also involve a reorganization of the curricula for all secondary schools. E.g. 

according to the curriculum for Geography at academic high schools (G8) in the state of 

North Rhine Westphalia, now at least the basics of urban related topics should be taught in 

grades 5-10 (Ministerium für Schule und Weiterbildung des Landes Nordrhein-Westfalen, 

2007). The education standards for Geography for lower secondary qualifications written 

and published by the German Society for Geography (DGfG) in 2010 also state this. In the 

education standards the DGfG describes 6 different fields of competence. In the field 

geography knowledge (F 1-5) it is expected that in F4 (Ability to analyze human-

environment relationships in rooms and space of different type and size) students are able 

to explore and study the problems and developments that evolve when natural and 

anthropogeographic factors interact (e.g. urban climate, drinking water supply, etc.). The 

development of those competences (F4) is an important basis for education for sustainable 

development and a requirement for understanding the coherences. Furthermore these 

standards claim that Geography is so wide ranged and complex, that for school it is 

necessary to reduce these contents to the core of geographical knowledge and to use 

generic or exemplary approaches, e.g. by using basic concepts and ideas as a fundament 

(DGfG, 2010). Seeing physical geography as a systematic based science, the basic 

concepts serve as vertical and horizontal interconnectedness of knowledge. Especially the 

horizontal interconnectedness of knowledge explains, allows and requires references and 

transfers to other contents, subjects and sciences. Which means that parallel concepts to 

other scientific subjects can be made and also already exist. For example in the subject 

Physics urban ecological topics offer the possibility to enhance competences such as 

communication, participation, the measurement and evaluation of physical values and their 

outcomes and the cognitive interconnectedness of the students. In the curriculum of the 

Strand 9 Environmental, health and outdoor science education

1685



study group’s school urban climate is placed in the elective subject biochemistry and to 

dealt with in grade 8 or 9 with a focus on scientific methods and data. Since the topic urban 

climate can be placed in so many different subjects and viewed at from many different 

perspectives, it makes sense to teach it as an interdisciplinary subject and try to include 

various subjects. 

As a result of dealing with urban climate the students are automatically confronted with 

problems of the local climate. By encountering with real objects and processes, shaping 

and engaging with the space around them, the students become aware of the real life in 

their area of individual action and as a result they develop a spatial identity (Henninger, 

2011a).  

 

METHODS 

In addition to trying to strengthen the students’ interconnectedness on urban climate, 

reducing the complexity of the topic and optimizing a teaching sequence on urban climate, 

it is also a goal of the study to build a shared knowledge environment “urban climate” 

between schools and universities. So in order to achieve these goals, methods had to be 

found and the project K.Ö.L.N.-Project (In German: Kreatives. Ökologisches. Lernen für 

Nachhaltigkeit. In English: Creative. Ecological. Learning for Sustainability.) was called to 

life. The K.Ö.L.N.-Project is a concept consisting of an interdisciplinary basic module 

embedded in the ZdI-Students’ Lab (ZdI=Zukunft durch Innovation. In English: Future 

due to innovation.) of the University of Cologne and a second phase, which takes place at 

the school of the study group. The ZdI-Students’ Lab is an incorporation of math and 

science didactics, which offers a range of interdisciplinary experiments that deal with “Our 

Spaceship Earth” (Flyer of the ZdI-Students’ Lab, 2012) and are supervised by teacher 

trainees. 

In 1997 Prof. Dr. Kuttler completed a climatic study in Cologne and developed a 

“synthetic climate function map”. This study and the map showed that there are strong 

alterations of all climate elements, disturbances of the wind systems, pollution and heat 

islands, not only in the city center, but also in larger residential areas, proving that there are 

problems affecting a large part of the city’s population. This induced us to take up urban 

climate as content and to create and develop experiments around this topic 

(interdisciplinary basic module). The 6 experiments contain physical objects and processes 

of the urban area of Cologne. But to reduce the complexity the experiments are all linked 

to a centralized element, in this case temperature (Figure 2). As shown in figure 2 below 

the experiments are also linked to each other, either by their impact and influence on each 

other or parallels in contents, processes or methods. 
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Figure 2. The interdisciplinary basic module in the ZdI-Students’ Lab. 

 

Due to these linkages a high level of interconnectedness remains (e.g. experiment: City 

beneath a glass dome), which means that by influencing one element (rise of CO2 

concentration in combination with light waves beneath the glass dome), others are affected 

(rise of temperature) resulting in side and long-distance effects (bioclimatic stress for the 

population, reduction of oxygen, suffocation) (Dörner, 2010). One of the learning targets 

the basic module fulfills is helping students to understand the links between the centralized 

element and the other elements, at least on an elementry level. Another learning target is 

sensitizing the students to their natural environments and the consequences their own 

behavior can have.  

Since implementing the interdisciplinary basic module as a constant component in the ZdI-

Students’ Lab is one of the middle- to long-term goals, it is being considered, not only to 

make a connection to teaching at school, but also to improve the basic module by using 

design-based research. By running the experiments through continuous cycles of design, 

enactment, analysis and redesign, we hope to evolve shareable theories that can help to 

understand the learning problems (The design-based research collective, 2003) and be used 

on planning further steps on designing better learning environments and teaching more 

effectively (Sandoval and Bell, 2004).   

Strand 9 Environmental, health and outdoor science education

1687



The second part of the project takes place at school. This part of the project also deals with 

urban climate and serves as an enhancement, immersion and consolidation of the students’ 

knowledge on urban climate (interdisciplinary basic module). In this part of the project the 

study and comparison group receive different interventions (see passage: Course of the 

Studies). 

 

INFORMATION ON THE STUDY AND COMPARISON GROUP 

Both the study and comparison group are students’ from the Liebfrauenschule in Cologne, 

an academic high school. The school has about 1100 students from grades 5-12 or 13 (ages 

9-20 years old). The school’s science branch is very well equipped. Both groups are 

elective science classes focused on biochemistry. After receiving my inquiry in December 

2012 their teacher decided to at least take part with one group of 8
th

 graders (study group, 

who are now in the 9
th

 grade since September). Seeing the progress of the study and the 

outcomes, the teacher decided to take part with her next set of 8
th

 graders (comparison 

group, in the 8
th

 grade since September). Both groups consist of 18 students incidentally 

with the same amount of girls and boys (N = 18, 10 girls and 8 boys). The comparison 

group seemed to be a bit more juvenile. The reason for this is probably the fact that they 

had just started 8
th

 grade and were very excited, while the study group was finishing the 8
th

 

grade. Thus the comparison group had a wider range of age (12-14 years old) than the 

study group (13-14 years old). 

 

COURSE OF THE STUDIES 

To monitor the students’ level of knowledge on urban climate a pre-test was done with the 

study and comparison group at school. In the same test their motivation towards science, 

the topic and the study was questioned (Figure 3). After the test both the study and the 

comparison group visited the ZdI-Students’ Lab four times on a weekly basis for 1,5 hours 

(interdisciplinary basic module). On the first and on the last visit they only did one 

experiment, on the other visits two. On their first visit both groups were given a short 

introduction on the topic urban climate, differences between weather and climate (since 

this seems to be a distinct problem for students’ of that age) and their upcoming tasks as 

“climate researchers”. After the introduction they were divided into random groups of two 

times four and two times five students. Guided by teacher trainees each group did one 

experiment on their first visit. The random groups remained for all visits at the ZdI-

Students’ Lab. As mentioned the students’ did two experiments on their second and third 

visit. On their fourth and last visit they did one experiment and took part in a feedback-

interview on what they learned at the lab, the experiments, the supervision and work in the 

lab, and their opinions and experiences. At the end of the interdisciplinary basic module 

the students were also asked to pick their two favorite experiments. Slight differences 

occurred in the courses between the study and comparison group due to the school 

calendar, problems at ZdI-Students’ Lab and school holidays. Further differences were that 

the study group was filmed, whilst the comparison thought they were, but were not 

because of diverse problems. The study group was also supervised by a different group of 

teacher trainees. 
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Figure 3. Study design of the K.Ö.L.N.-Project. 

 

Back at school the students do the first post-test, which is slightly modified and enhanced 

from the pre-test, because it contains extra questions on the experiments and also questions 

the students motivation and opinion on the experiments, the topic urban climate and their 

own work in the lab.  

The second part of the project also starts out with an introduction of the upcoming 

contents. This is where the different interventions that were used for the groups started. It 

should be mentioned that despite the different interventions, both groups were supposed to 

gain more knowledge on urban climate, be able to present their knowledge and also make 

out a future scenario from their point of view for the city Cologne in 2050. The study 

group engaged in an open project phase, in which they were allowed to pick their working 

group partners and were assigned to one of four project fields (Figure 4). Five groups were 

made, so two groups worked on the project field “(Urban-)climatic excursion in Cologne”. 

The students’ worked on their projects in class and at home for about 5 weeks, without 

much help using weekly guidelines (Research Journal/Guidelines, Figure 4), until they 

presented their outcomes. Each group gave a 30-minute presentation showing movies, 

interviews, models, diaries, pictures etc. they had made. At the end the students filled out 

the second post-test, which again was slightly modified from the first post-test, because the 

students were asked about their opinion on the project phase, the whole K.Ö.L.N.-Project 

and urban climate. In addition they had the task to display 12 terms dealing with urban 

climate in a concept or mind map. At the end of the study a half structured expert interview 

was made with the teacher.  
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Figure 4. The four project fields for the study group. 

 

Of course the comparison group also did the first post-test. But in the second part of the 

project they were not allowed to work as freely as the study group. Instead they had a fixed 

curriculum including an intensive follow-up on the experiments they had done at the lab, 

watching short clips on urban climate and discussing the contents, problems and different 

perspectives showed in the clips. They also had the chance to talk to a teacher, who has a 

passive house and to design an ecological house themselves. In this phase each student of 

the comparison group had to keep a research journal. They comparison group also had a 

small task to finish up in groups of two within two weeks at home. The outcomes of these 

tasks are to be presented next week. After the presentations the comparison group will also 

do the second post-test and the teacher will be interviewed.  

For the analysis and evaluation of the data, quantitative methods such as SPSS will be 

used, but a larger part of the data will also be processed by qualitative methods, such as the 

qualitative content analysis by Mayring (2010). 

 

RESULTS 

As long as the second study (comparison group) is not completed and the data has not been 

analyzed and evaluated, final and reliable results cannot be made. But based on 

observations, viewing the data, reading the examination paper of one of the teacher 

trainees, seeing the outcomes and presentations first assumptions can be presented here.  
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After a first review of the pre- and the first posttest of both groups, one can note that most 

of the students seemed to have increased their knowledge on urban climate in course of the 

interdisciplinary basic module at the students’ lab. Especially the students’ answers to the 

open questions (part I) showed more descriptive knowledge in the posttest, whereas in the 

pretest declarative knowledge overweighed. In the posttest their answers were 

differentiated and more precise. They also used more correct terms about urban climate 

and it’s processes (Bobe, 2013). In the other parts of the tests (multiply-choice and yes-

and-no questions, parts II and III) the differences between the pre- and posttest are not as 

distinct and to able to make a statement they need to be analyzed with statistical methods. 

The enhancement of the posttest (part IV) consists of open questions based on the 

experiments done in the students’ lab. It seems as though some of the students were able to 

make a comprehensive linkage out of the different contents in the experiments (Bobe, 

2013). Altogether it seems as though the study group obtained better results in the tests 

than the comparison group. As mentioned these are only assumptions made before the data 

has been processed. It will be interesting to see if there is an increase of knowledge in the 

second posttest.  

The observations made while working with the students in the lab and at school state that 

most students were very motivated most of the time. In the interviews a number of students 

claimed to have “had fun doing the experiments”, that they “felt very well looked after 

most of the time” and also that after doing the experiments they “think that urban climate 

is an interesting and important topic” (Feedback interviews with study and comparison 

group, 2013).  

In the second part of the project the study group presented very good and interesting 

outcomes in their special project fields, which were marked with very good grades 

(German grades from 1+ to 2+; in the UK or USA ~ A+ to B+) by their teacher. The 

comparison group will be giving their (short) presentations next week.   

 

DISCUSSION AND CONCLUSION 

Up to now the K.Ö.L.N.-Project, with it’s concepts and study design, appears to be a good 

way of approaching the complex topic urban climate. 

The tests and observations made seem to show good results. The results of the comparison 

group seem to be slightly poorer than those of the study group. This could be because they 

just started the 8
th

 grade and were more excited and not as settled as the study group was. 

Also their foreknowledge on scientific terms and methods may not be as good as that of 

the study group, who had half a year’s more time in their elective subject before engaging 

to the project. Both groups showed a high motivation towards project, while doing the 

experiments and also towards the second part of the project at school. This was expressed 

when asked in the test or in interviews, but also in between statements such as “this is fun” 

or “cool” were made by the students. It will have be discussed if some of the students’ 

behavior (politeness, the will to be socially accepted etc.) is due to their social and 

financial status (very good) and the schools’ image (Bobe, 2013). As mentioned above the 

presented outcomes of their own project work was very good in the study group and it is 

expected that the outcomes of presentations of the comparison group will be similar. 

When the whole study is over the course of the study, observations, outcomes etc. need to 

be analyzed and discussed. For implementing the interdisciplinary basic module as 

constant component of the ZdI-Students’ Lab some modifications will be necessary, 

including better arrangements with the parties concerned, better preparation for the teacher 

Strand 9 Environmental, health and outdoor science education

1691



trainees and temporal coordinates. More cycles should be done to improve the experiments 

and their implementation. The teacher trainees also need more foreknowledge on the topic 

urban climate and it’s processes. They need more chances to practice working with 

students. The second part of the study at school offers lots of chances to share knowledge, 

for the teacher trainees to experience school life, to open up the curricula and altogether to 

build a better bridge between schools and universities. 

Since handling complexity is of great relevance nowadays, it is important to enable 

students to see and understand processes and coherences, because to be able to enact in a 

globally sustainable way, one should “learn to think systematically and interconnected” 

(Köck, 2001). Practical learning (doing experiments) that has references to real life 

processes (urban climate) makes projects such as this one authentic (Reißmann, 1998). 
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NATURE EXPERIENCE AND PERCEPTION OF 
NATURE IN PERUVIAN SCHOOL STUDENTS:  

CLOSER TO NATURE, BUT STILL FAR AWAY? 
 
Lotta Kollender and Jörg Zabel 

University of Leipzig, Germany 
 
Abstract: In a technological world, nature experience competes with the use of TV or 
computers in children’s everyday life, as surveys have shown (e.g. Medienpäda-
gogischer Forschungsverbund Südwest, 2010). Other studies (Brämer 2011a) have 
repeatedly highlighted an alienation of young people from nature, in the sense that 
there is a romanticized image of certain idealized aspects of nature. In contrast, the 
everyday nature with its countless links to human life is ignored, particularly nature as 
a resource for human life. For this study, we examined a total of 170 Peruvian 
students (age 14,4 yrs.) from a rural rainforest area as to their nature experience and 
perception of nature, and compared this image to the relatively well-known situation 
in Germany. Our aim was to investigate the influence of geographical as well as 
cultural aspects on the students’ appreciation of nature and their environmental 
awareness. We supposed that Peruvian students, due to their close everyday contact 
with nature and the agricultural society they live in, would show a much less 
romanticized notion of nature than the German sample. In contrary to this 
expectation, we found the image of nature painted by the Peruvian students to be just 
as dichotomized and alienated as in Germany. Environmental education appears to 
have strong effects on the perception of nature in our Peruvian sample, but not in 
favour of nature experience. Together with other factors of rather socio-economical 
kind, it obviously rather reduces nature experience of young people who are 
surrounded by nature. 
Keywords: Attitudes, Biology, Environment, Alienation, Glorification 

 

THEORETICAL BACKGROUND AND RESEARCH QUESTIONS  

Empirical studies have underlined the role of nature experience for environmental 
education (e.g. Bögeholz 1999). However, surveys indicate that children spend a 
growing part of their time in front of TV, cell phone or PC screens, while the time 
spent on outdoor activities decreases (Medienpädagogischer Forschungsverbund 
Südwest, 2010). Only half of the children aged 6 to 13 (n = 1214) play outside every 
day, although these outdoor activities are still the favourite activity for 43% of them, 
compared to 32% who prefer watching TV above everything else. This seems to 
apply for many countries with high technological standards (Louv 2011, p. 37). In 
order to retrace what this means for the young generation’s emotional affinity and 
attitude towards nature, Brämer (e.g. 1998, 2011) has reported data from German 
samples for the last 15 years. The evidence indicates a growing alienation of young 
people from nature, in the sense that there is a romanticized image of certain idealized 
aspects of nature, whereas they ignore the everyday nature with its countless links to 
human life, particularly natural resources used by humans in agriculture or forestry. 
Young Germans, instead of validating a sustainable use of the earth’s natural 
resources, tend to entirely exclude humans from their idealized image of nature that 
rather resembles a Disney movie (‘Bambi syndrome’, Brämer 1998). 
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Romantic idealization of nature has been interpreted as a reaction to industrialization 
(Cronon 1996). The first national parks in the U.S. were created soon after life in the 
big cities had turned to something much more ‘civilized’, and dominated by 
technology, than what the first settlers had encountered: the wilderness was now 
idealized and transformed into something pristine (Cronon 1996). These historical 
developments make it reasonable to assume that a lack of nature experience in 
everyday life may lead to a romanticized glorification of nature. Ironically, this 
appears to deepen the separation between man and nature, as the idealized image is 
blurred and lacks important aspects such as a sustainable use of natural resources. 
The alienation from nature coincides with a well-documented lack of nature 
experience and a shift from outdoor activities to indoor technology-based leisure time. 
But is the altered relationship to nature really due to a lack of nature experience in 
industrialized countries? We investigated this causal relation by adapting Brämer’s 
survey method to a rural and poor area in Peru, where geographical and cultural 
aspects differ very much from Germany. The German survey series ‘Jugendreport 
Natur’ (e.g. Brämer 2011a) served as a blueprint for the sampling method, and as a 
reference: we compared our results from the Peruvian sample to the outcome of 
Brämer’s most recent survey in Germany (Brämer 2011a, 2011c). Due to their close 
everyday contact and the fact that many of their parents are peasants, we formulated 
the hypotheses that Peruvian students would show a much less romanticized notion of 
nature than the German age group. In detail, we investigated the following questions: 

• What concepts of, and what emotional affinity to nature do Peruvian students 
have? 

• Do they glorify and idealize nature to the same extent as German students?  
• Or are they more aware of the role of humans as depending on natural 

resources, and thereby less alienated from these ‘profane’, everyday aspects of 
nature? 

 

Figure 1. The Rio Mayo valley at Moyobamba in Northern Peru, a region with 
tropical climate and mainly agricultural economy. Slash-and-burn agriculture is 
widespread. 44,1% of the town’s inhabitants are classified as ‘poor’. Photograph: L. 
Kollender.  
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RESEARCH DESIGN AND METHODOLOGY 
Brämer uses a questionnaire with five key constructs that the items were grouped 
around: (1) concept of nature, (2) value of nature, (3) frequency of outdoor activities, 
(4) nature preference, and (5) nature experience. The questionnaire was translated to 
the regional Spanish and used only once with a sample of 170 students (Table 1). 
 

Table 1 

Age distribution of the sample group in Moyobamba, Peru. 

The questionnaire mainly contains closed questions and Likert-scale items. In 
addition, there was a particular section where the students were to write down their 
spontaneous associations in relation to the word ‘nature’. We used this open-format 
item to depict the students’ concept of nature. The Peruvian data were sampled in 
June 2012 in Moyobamba, a town of 40.000 inhabitants in the Rio Mayo valley, 
Northern Peru, with tropical climate and mainly agricultural economy (Fig. 1). 44,1% 
of Moyobamba’s inhabitants were classified ‘poor’ by Peru’s National Statistical 
System (INEI) in 2009. The average age of the total sample (n = 170) was 14,4 years, 
with individual ages ranging from 7 to 17, but most of them in the age group 14-16 
years (Table 1). The majority (105) of the 170 students were girls. As it was only a 
small project limited in time and funding, the sample is ‘ad-hoc’ in the sense that we 
were not able to randomize the participants with respect to gender, age or economical 
strength of their parents (Raab-Steiner, Benesch 2010, p. 18). Data were sampled in 
two different schools, with most students attending the ‘Colegio Ignacia Velázquez’ 
(n=150). The ‘Colegio’ is a public, co-educative school and free from charge. Its 
educational approach is strictly catholic, and environmental education is very present. 
Several printed or hand-painted banners in and around the school building call for 
nature conservancy and protection of the environment (Figure 2).  
 

	  	  	  	   	  

Figure 2. Signs in the Schoolyard of the Colegio Ignacia Velázquez in Moyobamba. 
The translation of their messages is: ‚Nature gives us life, let us protect the 
environment!’, and‚ Why don’t humans love me?’ (planet earth). Photographs: L. 
Kollender. 
	    

Age (yrs.) 7 8 9 10 11 12 13 14 15 16 17 

No. of students 2 2 2 0 4 6 6 56 60 26 6 

Notes. The average age of the total sample (n = 170) is 14,4 years, the majority of 
them (105) are female.  
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FINDINGS 
Our data indicate that the image of nature shared by the Peruvian students resembles 
that of German students much more than it could be expected with regard to the 
different geographical and socio-cultural context. Although the beliefs of the two 
samples differ in some aspects, teenagers in both countries show a romantic 
glorification of nature. The concept of nature that we found in Peru is even more 
abstract and idealized than it is in the German sample group. Both groups perceive 
humans predominantly as a threat to nature, but put different emphases in this 
relationship and draw somewhat different conclusions for human behaviour. In the 
following section, we explain selected aspects of our findings in detail, with emphasis 
on (a) the student’s concept of nature and (b) their viewpoint as to the role of humans 
in nature. 

 

Young People’s Concept of Nature 
Spontaneous Associations 
The perspectives of both sample groups on nature differ considerably, as the data in 
tables 2 and 3 indicate. Young people in Germany primarily associate landscape 
(25,6% of all responses) and non-human beings such as plants (29,0%) and animals 
(16,0%) with nature. In contrast, Peruvian school kids instantaneously think of 
humans (75,6%), their feelings and their relation to nature. The tendency of Peruvians 
to associate nature with human aspects is continued in the high frequency of aesthetic 
ratings (35,0%), and the aspect of destruction and protection (23,5%), which is 
considerably less frequent in the German sample group. 
 

Table 2 

Spontaneous Associations with ‘Nature’ by young Peruvians from Moyobamba, 
compared to young Germans. 

Category Peru  
(% of all associations) 

Germany  
(% of all associations) 

Plants 
Animals 

9,0 
1,4 

29,0 
16,0 

Landscape 
Sky and weather 

2,9 
2,5 

25,6 
7,4 

Humans 75,6 18,8 
Nature as abstract, 
generalized idea  9,2 3,2 

Notes. Percentages refer to the total number of associated words. Peruvian sample 
group: n = 170, average age 14,4 ys. German data: Brämer (2011b), n = 1.006, 12 
to15 years old. 

Overall, the data on spontaneous associations indicate that young Germans conceive 
nature as something real and concrete, represented by landscape and living beings. In 
contrast, the Peruvian pupils’ idea of nature is a lot more idealistic and abstract, and 
linked to aesthetic feelings (35%), predominantly to beauty. Only the adjective 
‘important’ was even more frequent than ‘beautiful’ in the Peruvian sample. Nature is 
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rated as important ‘because human existence depends on it’ (questionnaire no. 13). 
Also, many of the Peruvian students explained that nature is a ‘gift of God’, and 
therefore has to be protected.  
 

Table 3 

Spontaneous Associations concerning the Human Relationship to Nature by young 
Peruvians from Moyobamba, compared to young Germans. 

Subcategory 
Peru  

(% of all 
associations) 

Germany  
(% of all 

associations) 
Humans (total) 75,6 18,8 
Aesthetic Ratings (total) 

 ‘Beautiful’ 
35,0 
9,8 

4,0 
1,9 

Destruction and Protection of Nature (total) 
Damage or Threat to Nature 
Nature Conservation (total) 

…due to religious belief* 
Commercial Use of Nature 

23,5 
5,6 
18,0 
10,6 
3,1 

6,2 
0,9 
1,4 
- 

2,6 
Notes. Percentages refer to the total number of associated words. As the table contains 
a selected number of subcategories only (indented lines), percentages in one column 
do not add to 100%. Peruvian sample group: n = 170, average age 14,4 years. German 
data: Brämer (2011b), n = 1.006, 12 to 15 years old. *This subcategory was not used 
in the German sample. 

 

What threatens nature, according to the students in Moyobamba? Although some of 
them mention forestry, most of the concerns that they express in the questionnaires 
are of a very general kind, such as: Nature is destroyed by ‘the human being’ (el ser 
humano), ‘because humans pollute the environment’ (questionnaire no. 154). 
Mankind appears as a general threat to nature, even though his destructive activities 
are rarely specified by the Peruvian students, and therefore stay rather vague.  

In summary, the data in this section suggest that, on one hand, Peruvian students 
associate nature with positive values, such as beauty and importance, more often than 
the German students do. However at the same time, Peruvians do not think of nature’s 
real elements such as landscape, plants and animals to the same extent, and the threats 
to nature that they feel remain unspecified and of a rather general kind. One could 
conclude that Peruvians share a lot of admiration and concern for a nature that is quite 
abstract, compared to the concept of nature that the German students think of. Still the 
two populations have one thing in common: the commercial use of nature, e.g. for 
gaining natural resources and producing food or other goods, is basically absent in the 
minds of almost all of the students, both Peruvians and Germans. In a general sense, it 
is widely acknowledged that humans depend on nature, especially in Peru. But this 
does not mean that the commercial use of nature is an integral part of the idea of 
nature itself, at least not in the spectrum of their spontaneous associations.  
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Table 4 

Nature as a Value seen by young Peruvians from Moyobamba, compared to young 
Germans.	  

Aspect / Item 
 
Nature as a Value 

Peru 
‘yes’ + ‘rather yes’ 

vs. 
‘no’ + ‘rather no’ 

(%) 

Germany 
‘yes’ + ‘rather yes’ 

vs. 
‘no’ + ‘rather no’ 

(%) 

All is good that is natural. 90,6 / 8,2 67 / 3 

Without humans, nature would be in 
peace and harmony. 42,9 / 35,9 37 / 20 

Notes. Peruvian sample group: n = 170, average age 14,4 years. German dataset: 
Brämer 2011c, n = 3.032, including 50% sixth-graders (12 years old) and 50% ninth-
graders (15 years old). The numbers indicate the subsumed percentages of positive 
(‘yes’ and ‘rather yes’) vs. negative (‘no’ and ‘rather no’) ratings for the respective 
item on a five-point Likert-scale. Neutral answers were possible, but are not displayed 
here. 

Glorification of nature, and the ‘Bambi syndrome’  
In the questionnaire, we asked the sample group to rate a very general statement: ‘All 
is good that is natural’. This item serves as an indicator for a naive glorification of 
nature (Brämer 2004, p. 27). As can be seen in table 4, the Peruvian sample showed a 
very high degree of approval: more than 90% answered this item with ‘yes’ or ‘rather 
yes’. In Germany, the percentage is quite high also (67%), still the difference between 
the two samples is striking.   
This glorified image of a ‘good’ nature in the heads of the Peruvians is confirmed by 
a couple of other items. Brämer (1998) had labelled this “human-free” and idealized 
image of nature the ‘Bambi syndrome’, after he had found it in his surveys in 
Germany. Walt Disney’s classical film character ‘Bambi’ symbolizes the idea of a 
nature that is morally pure, beautiful and vulnerable, and therefore must be left 
untouched by humans, in order not to spoil or completely destroy it. Food chains, or 
even sustainable human use of natural resources, are absent from this idealized image.  

 

An ambiguous Relationship: Humans as Part of Nature, and its 
biggest Enemy  
The idea of nature as something beautiful and clean 
Very much in accordance with the Bambi syndrome, our study revealed that order and 
cleanliness are essential characteristics of young people’s ideal of nature, nut just in 
Germany, but also in Peru. Wildlife should be left in peace, according to two thirds of 
the German and three quarters of the Peruvian students. German hunters have spread 
this idea for ages now, even though in Germany, the deer population is much too 
dense in many regions, and deer have adapted to man-made disturbances quite well.  
But the alienation of young people from natural circles and natural dynamics goes 
even further. Both in Germany and in Peru, a great proportion of the teenagers assume 
that removing dead wood from the forest is beneficial for nature. In contrast, almost 
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all students both in Peru and Germany think that planting trees is advantageous to 
nature. Cutting down trees, however, was generally rated as negative activity. The 
statement ‘I would like to help foresters to cut a tree’ was rejected by 72% of the 
Peruvian students.  

In this logic, the mere presence of humans in natural habitat is rated as a threat by the 
students, particularly in Peru where more than 75% considered ‘running across 
grassland or woodland’ as being harmful for nature (table 5).  
 

Table 5 

Keeping Nature in Order. Young Peruvians from Moyobamba, compared to young 
Germans. 

Aspect / Item 
 
Keeping Nature in Order  

Peru 
‘yes’ + ‘rather yes’ 

vs. 
‘no’ + ‘rather no’ 

(%) 

Germany 
‘yes’ + ‘rather yes’ 

vs. 
‘no’ + ‘rather no’ 

(%) 
A forest has to be tidy and kept in 
order. 60 / 34,7 61 / 21 

Wildlife should be left in peace. 74,1 / 7,1 65 / 7 

What benefits /what harms nature? 

Removing dead wood 70,6 / 12,4 52 / 18 

Planting trees 100 / 0 90 / 3 

Running across grassland or woodland 12,4 / 76,5 9 / 29 
Notes. Peruvian sample group: n = 170, average age 14,4 ys. German data by Brämer 
(2011c), n = 3.032, including 50% sixth-graders (12 years old) and 50% ninth-graders 
(15 years old). The numbers indicate the subsumed percentages of positive (‘yes’ and 
‘rather yes’) vs. negative (‘no’ and ‘rather no’) ratings for the respective item on a 
five-point Likert-scale. Neutral answers were possible, but are not displayed here. 

 
Adolescents in both countries acknowledge that humans are a part of nature (table 6). 
At the same time, they consider humans to be nature’s biggest enemies. This 
contradiction is also reflected in the reactions to the two statements ‘Nature should be 
left untouched’ and ‘Humans should make use of nature’: those groups that want to 
leave nature untouched are equally strong both in Germany and Peru, they account for 
more than half of the sample. However, at least in Peru, a big majority agrees with the 
statement that humans should make use of nature (75%) at the same time. This is an 
obvious paradox and creates an ambiguous role for man in his natural environment. 
However, only a quarter (Germany) or a third (Peru) of the students draw the radical 
conclusion to keep humans out of natural environments, e.g. by blocking off forests. 
Roughly 40% in both samples object to such a plan.  
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Table 6 

Humans as a Threat to Nature. Young Peruvians from Moyobamba, compared to 
young Germans.	  

Aspect / Item 
 
Humans as a Threat to Nature  

Peru 
‘yes’ + ‘rather yes’ 

vs. 
‘no’ + ‘rather no’ 

(%) 

Germany 
‘yes’ + ‘rather yes’ 

vs. 
‘no’ + ‘rather no’ 

(%) 
Humans are the biggest enemy to 
nature. 72 / 23 60 / 14 

Humans are a part of nature, too. 92 / 7 78 / 4 

Nature should be left untouched. 54 / 31 59 / 10 

Humans should make use of nature. 75 / 19 37 / 23 

More forests should be blocked off 
against visitors.  36 / 42 25 / 37 

Notes. Peruvian sample group: n = 170, average age 14,4 ys. German data by Brämer 
(2011c), n = 3.032, including 50% sixth-graders (12 years old) and 50% ninth-graders 
(15 years old). The numbers indicate the subsumed percentages of positive (‘yes’ and 
‘rather yes’) vs. negative (‘no’ and ‘rather no’) ratings for the respective item on a 
five-point Likert-scale. Neutral answers were possible, but are not displayed here. 

 

Summary of findings 
In both countries, young people see humans as nature’s worst adversary, but also as 
part of nature. This paradoxical viewpoint is coupled with an idealized image of 
nature as being something beautiful, clean and tidy. In Peru, this idealization is even 
stronger than in Germany: Peruvian teenagers do not associate nature with animals 
and plants in the first place, but rather perceive it as something abstract, a collective 
term that is closely linked to a social norm. The difference between nature and 
environment is blurred in their eyes. For them, nature is a metaphor for beauty, but 
also for everything out there that humans have already damaged or destroyed, 
although they somehow depend on it. However, it is not quite clear to the Peruvian 
sample group how and why humans depend on nature. With the exception of forestry, 
which in their eyes is a threat to nature, they do not mention any use of natural 
resources.  
For both the Peruvian and the German sample group, nature also represents a moral 
value (‘Bambi syndrome’), it is something pristine and vulnerable, as long as it 
remains untouched by man. However, only a minority of the students in both 
countries would like to see more forests blocked off against humans.   
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DISCUSSION AND CONCLUSION 
Our results show interesting and unexpected similarities between the Peruvian and the 
German sample group, but also some differences. We did not expect the Peruvians to 
glorify and idealize nature even stronger than the German students do. Apparently 
their proximity to nature, particularly to rainforest habitats with their rich and diverse 
flora and fauna, does not ‘naturally’ lead to a realistic concept of nature, driven by 
daily experience. In contrary, the image of nature we found in our Moyobamba survey 
is quite an abstract and general one. It is closely linked to the role of humans as a 
threat to the environment, and rather global than local. Instead of mentioning bird and 
frog species that they could possibly observe in their close vicinity, they express their 
concern about planet earth as a whole.  
It is hard to say, however, how authentic and credible these statements are, or to what 
extent they influence the Peruvian students’ actions. Many of the formulations that 
they used in the open-format items were very similar to the wordings on the banners 
and hand-painted signs in their schoolyard (Figure 2). This may indicate that the 
answers were influenced by social desirability, all the more as the survey was carried 
out in school. Social norms may urge the Peruvian students to answer like this, at least 
at religious schools such as the Colegio Ignacia Velázquez. Their answers possibly 
reflect a form of ecological correctness, which is not linked, at least not closely, to 
true nature experience, but rather a result of the school’s moral education.  
The historian Raúl Porras Barrenechea believes that ‘the Peruvian is probably the 
most religious man in the world’ (Wurgaft, 2009). Maybe an environmental education 
motivated by religion is inevitable, or at least effective, in countries such as Peru 
where 85% of the population are catholic. If the earth is a gift of god, then man has to 
protect this gift. However, the contradictory statements of the Peruvian sample group 
indicate that there is a price to pay for this education: a sustainable use of natural 
resources is not part of the overly correct attitude and dichotomized nature concept 
that it obviously produces.  
The emotional pressure to keep nature ‘in order’ makes the pupils accept even 
senseless or harmful moral requirements. An impressive example for this is that 
collecting dead wood in the forest is considered to be beneficial to nature by more 
than 70% of the Peruvian students. This highlights a widespread lack of knowledge 
concerning the role of decay for ecosystems. But possibly, in addition to this lack of 
expertise, the idealized image of a clean, untouched nature is not compatible with 
death and decay.  

Industrialisation and electronic media are believed to be responsible for a lack of 
nature experience in developed countries (Louv 2011). Pauli and Suda (1999) 
reported that 69% percent of young germans consider cutting trees as harmful for the 
forest. They labelled this phenomenon Schlachthausparadox (slaughterhouse	  
paradox), thereby expressing what can be found in other areas of human consumption 
as well: everyone likes the products, but no one likes the production (see also Mantow 
1995, p. 277). However, our findings indicate that an alienation from nature can 
happen even to those who live in the middle of the rainforest. So how can this 
alienation be overcome? Margadant-van Arcken (2012, p. 93) refers to her studies 
with 8- to 12 year-olds and argues that ‘by using a more inductive approach and (…) 
having the children explore their immediate environment’, one could avoid what she 
calls an ‘alienating scientific perspective on nature’. Gebauer and Gebhard (2005) 
also make a case for an alternative, non-scientific approach to nature in school. But in 
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contrast to Germany, a one-sided, overly scientific approach is obviously not the main 
problem in Peru. Here, the alienation from nature stems from influences other than the 
scientific viewpoint alone: a rigorous worldview where humans are seen as a threat to 
nature in such a general sense that children do not dare to penetrate forests or 
greenland because they are afraid of doing harm to nature (or at least do not dare to 
admit they do so).  

Due to the relatively small sample size and the preliminary character of the study, 
these findings can only be first evidence. An interview study could help to elucidate 
the student perspectives that lead to this astonishing alienation in the middle of nature. 
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A MULTIPURPOSE ACTION FOR
LEARNING/TEACHING PROCESS:

THE PIGELLETO’S SUMMER SCHOOL OF PHYSICS

Vera Montalbano, Emilio Mariotti
Department of Physics, Earth And Environmental Sciences, University of Siena, Italy.

Abstract: Since 2006, forty students from high school are selected to attend a full
immersion summer school of physics in the Pigelleto Natural Reserve, on the south
east side of Mount Amiata in the province of Siena. Topics are chosen so that students
are involved in activities rarely pursued in high school,  aspects and relationship  with
society are underlined and discussed. Our purpose is offering to really motivated
students an opportunity of testing the scientific method, the laboratory experience in a
stimulating context, by deepening an interesting and relevant topic in order to
orienting them towards physics. Students are encouraged in cooperating in small
groups in order to present and share the achieved results. Starting from the third
edition of the school, the school became a training opportunity for younger teachers
which are involved in programming and  realization of selected activities. The
laboratory activities with students are usually supervised by a young and an expert
teacher in order to fix the correct methodology. Recently, young teachers enrolled in a
master in Physics Education tested in the summer school some activity designed in
their courses.

Keywords: Physics education, Education in out-of-school contexts, Initial Teacher
Education (Pre service), Cooperative learning, Inquiry-based laboratory

BACKGROUND AND FRAMEWORK
In the past decades, an impressive decreasing of interest of young people in pursuing
scientific careers was observed almost everywhere in the world (Czujko, 2002;
Convert, 2005; National Science Board, 2007; Mulvey & Nicholson, 2011). In the last
years, many Italian Universities are involved in a large national project in order to
enhance the interest of high school students towards scientific degrees (Sassi,
Chiefari, Lombardi, & Testa, 2012; Montalbano, 2012). In this context, we started to
organize a full immersion summer school of physics in the Pigelleto’s Natural
Reserve, on the south east side of Mount Amiata in the province of Siena. In the
beginning, our purpose was orienting talented students by offering an opportunity of
testing the scientific method through experience in physics laboratory in a stimulating
context.

The students (age 16-17) are selected by their teachers in the network of schools
involved in the National Plan for Science Degree . We usually propose participate
lessons in which the necessary background for the following activities in laboratory is
given. Small groups of students from different schools and classes are engaged in
inquiry-based laboratories where they are encouraged to take an active role (Bonwell
& Eison, 1991).
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National Plan  for Science Degrees
Italy  is  active  since  2005  with  a  large  plan  to contrast  decreasing in enrollment
in  basic  sciences,  i.e.  Mathematics,  Physics, Chemistry and Science of Materials.
This action originated from a collaboration of the Ministry of Education and Scientific
Research, the National Conference of Deans of Science and Technology and
Confindustria, the main organization representing Italian manufacturing and services
companies.

The plan is focused on the following main objectives:

 improving knowledge and awareness of science in secondary school, offering
students in the last three years of school to participate in stimulating and
engaging curricular and extracurricular activities in laboratory;

 starting a process of professional development of science teachers in service
in the secondary school from joint work between School and University for
the design, implementation, documentation and evaluation of the laboratories
mentioned above;

 promote alignment and optimization of training from University and School
for the working world;

 the necessity to revise the content and methods of teaching and learning of
science in all grades of school, taking into account the new national
guidelines for first and second cycle contained in the recent Italian reform of
the educational system.

In order to achieve the above purposes, strategy and methodologies pursued and
realized are:

 orientation is an active action that the student achieves by perform
meaningful activities that allow to compare problems, issues and ideas of
science;

 designing the training of teachers by involving them in solving concrete
problems, developing design and implementation of educational activities
and through comparison with peers and experts;

 pursuing and achieving at the same time the student orientation and training
for teachers through the planning and joint implementation by school
teachers and university laboratories for students, thus developing relations
between the school system and the University;

 consciously connecting the activities of the Plan with the innovation of
curricula and teaching methods adopted in schools, and other contents and
methods of teacher training (initial and in-service), for the first and second
cycle.

Thus, laboratory is a method, not as a place, students become the main character of
learning and joint planning by teachers and university is a mandatory step.

In this context, we started to design a full immersion summer school in physics
together with some expert teachers .  This small team (three from university and three
from high school experience) had a parallel experience in pre-service teacher
education and  shared the same idea of active and inquiry forms of learning.
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THE PIGELLETO’S SUMMER SCHOOL OF PHYSICS
The school was born eight  years ago and starts usually in the beginning of
September. The 2013 edition is titled The laser, some previous editions were Light,
color, sky: how and why we see the world (2006), Store, convert, save, transfer,
measure energy, and more…(2007), The achievements of modern physics (2009),
Exploring the physics of materials (2010), Thousand and one energy: from sun to
Fukushima (2011).

Forty students from high school are selected to attend at a full immersion summer
school of physics in the Pigelleto Natural Reserve (see fig.1), on the south east side of
Mount Amiata in the province of Siena. The students (age 16-17) are selected by their
teachers in a wide network of schools within the National Plan for Science Degree
and come from southern Tuscany  (Arezzo, Siena, Grosseto).

Figure 1. A view of woods in natural reserve, astronomical observation of the sky, a
participate lesson and waiting for lab starts.

Topics are chosen in such a way that students are involved in activities rarely pursued
in high school,  aspects and relationship  with society are underlined and discussed.

In the morning, we propose lessons in which the necessary background for the
following activities in laboratory is given. In the afternoon, small groups of students
from different schools and classes are engaged in laboratories where they can play an
active role, which is encouraged throughout all school activities. All groups are
supported by one or two teachers that are available to discuss any idea.

Strand 9 Environmental, health and outdoor science education

1707



Usually we propose different laboratories and each group of participants must prepare
a brief presentation for sharing with all other students what they have learned. After
dinner, an evening of astronomical observation of the sky is usually expected. If it is
cloudy, a problem solving evening is proposed.

Many educational choices are involved in designing the summer school and main
target and methodologies are discussed and selected with the teachers involved in
PLS:

 almost all laboratories are made with poor materials or educational devices
provided by some schools;

 the groups are inhomogeneous and formed by following the teachers
suggestions in order to have the best collaboration;

 the main topic is related to all activities and must be not trivial;

 almost all laboratories lead to at least one measure and the error valuation;

 in the lab, there is always at least an activity that we can call How it works.

A full immersion experience for students
The summer school lasts four days (about 70 hours) and usually students are engaged
in activities for about 32 hours. Students are housed in dormitories (6-8 beds), eating
together and usually discuss about physics at any time (during breaks, at night, etc.),
well beyond our initial expectations showing a deep involvement (fig.2). An
important aspect is the full immersion in the beautiful natural surroundings that
positively predisposes and favors concentration.

Figure 2. The landscape from Pienza, where the school temporary moved in 2013,
with Mount Amiata on the left, students during breaks and meals.
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Table 1

Examples of activities framework in the summer school.

School’s
edition

The achievements of
modern physics

Exploring the physics
of materials

Thousand and one
energy: from sun to

Fukushima

Lessons

On the validity of a
Physical theory

On concepts of
classical physics
disproved by modern
physics

Atomic models: from
classical to modern

How laser works

Radioactivity, nuclei
and surrounding

On nuclear energy
and energy resources

Discovering materials

Physics of polymeric
materials

Terrestrial and stellar
density

Materials science and
biomedicine

On energy

Energy from nuclei

Energy from sky and
sun

Energy from the
ground

On photovoltaic
panels

On fuel cells

Conductors and
superconductors

Laboratories

How it works: a
spectroscope

Measurement of
Plank’s constant with
a LED

Photoelectric effect

We characterize a
diode laser

We characterize the
natural radioactivity

Measure of the speed
of rotation of a star

How it works:
plastic bottles

Birefringence
induced by
mechanical stress

Physics of Growing-
Spheres

Semiconductors and
photodiode.

Ferrofluid and
magnetic field

Optical properties of
an alkaline vapour
lighted by a laser
diode

Measurement of
resistivity of  soil

Superconductors and
surroundings

How it works: a
photovoltaic panel

How it works:
Stirling machine,
solar  oven, coffee
pot

Measurement of the
mechanical
equivalent of heat

Induction and friction

Newton’s cradles and
Yo-Yo

Radioactivity
background  vs.
Weak Uranium
sources

Introductory participate lessons, inquiry-based laboratories, peers presentations for
sharing knowledge  are proposed for obtaining a better understanding a meaningful
topic. The final step is more orienting to Science Degree and consists in one or two
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seminars given by young physicists (usually Ph. D. students) which can be called
Insight labs, where some research in the topic of the school is presented.

In Table 1, lessons and laboratories are showed for three editions of the summer
school.

Focus on laboratories
All activities  in the summer school are focused on laboratory, whenever it is possible
inquiry-based labs. Teachers propose experimental situations that small groups of
students can investigate (fig. 3). Usually at least 8 different labs are proposed
(corresponding to the maximum number of  spaces which can be used for these
activities), sometimes more (in this case labs are different every day).

Figure 3. Examples of laboratory: transforming potential energy in heat, studying a
light source, characterizing a diode laser, measuring resistivity of  soil, analyzing and
discussing data.

All labs are connected and to the main topic proposed by the school and activities are
arranged in such a way that active and collaborative learning is encouraged. A puzzle
or a paradox involving the concept at issue can be presented in order to struggle
towards a solution, engaging students to work it out without authority's solution.

A closer analysis (Benedetti, Mariotti, Montalbano, & Porri, 2011) showed that all
requests for achieving a cooperative learning (Curseo 1992, Johnson 1999) were
satisfied.

Students Communicate Physics
The oral talk in which students share what they have learned in laboratory is stressed
as the central part of the school (see fig. 4). Students are not used to speak  in public
and fear this moment  but usually the most part of them responding to the  challenge.
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They can choose the form and the means utilized in the communication. Everyone can
talk or a group can delegate a speaker, they can present the data in the blackboard or
with slides. Furthermore, they can show devices or material for better explain the
topic. At the end a brief discussion is performed between the communicators and the
public.

Figure 4. Some presentation: students can choose the form and the means utilized in
the communication. Everyone can talk, a group can delegate a speaker and can
present the data in the blackboard or with slides. Furthermore, devices or material can
be shown for better explanation.

In the beginning the communications were proposed in order to share the results of
each lab. It was a necessity because we hadn’t enough time and space  to perform all
experiments with everyone. In the years, communication is became the central
activity in which students are involved and it encourages and increases active and
collaborative behavior  in the school.

An active experience for young teachers
Starting from 2007, physics teachers enrolled in Advanced School for Teaching in
Secondary School of Tuscany were invited for a stage at the summer school. After
the closure of the Advanced School in 2009, we still continue to invite young teachers
for a full-immersion stage.

Usually there are about 4-5 expert teachers and 5-7 young teachers at the summer
school. Methodologies were discussed and selected with the teachers involvement and
usually an expert and a young teacher were engaged in laboratory for improving
teacher practice (Montalbano et al., 2012), as shown in fig.5.

In recent years, a national master designed for qualified teachers has been organized
by University of Udine. We joined the master’s third edition where nineteen
universities all over the country collaborated for giving courses in laboratory, often
focusing on laboratories performed within the National Plan (Stefanel et al.,
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2012).Teachers enrolled in the master, which were following activity at University of
Siena, participated actively in the 2011 summer school.

This informal training is very effective. Participants sometimes seem to be inspired by
the school’s laboratories and some activities entered in practice (Montalbano et al.,
2012). In last edition, some young teachers became enough expert for designing and
performing by themselves one or more laboratory. They are collaborating actively in
the actual edition of the school and we can say that from Pigelleto’s summer school a
little professional community was born.

Figure 5. Expert and young teachers support together students in labs.

In the last academic year, a new course started in Italy in order to form teachers and it
is called  Formative Active Training. We invited all young teachers to attend at the
summer school in 2013 but no one came.

In our opinion, the time schedule of Formative Active  Training (an annual course vs.
the biennial previous one, mandatory for obtaining the teacher qualification) is too
compressed. Thus, teachers in training must face their final examination for
qualification before the summer school, just the time in which we usually design and
prepare the activities for the school’s next edition.

RESULTS AND DISCUSSION
The Pigelleto’s summer school of physics remains the more effective and successful
action that we perform in the contests of National Plan for Science Degree for
physics. Despite the total commitment required to all (students, teachers, professors)
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for about 10 hours each day, everyone usually is very satisfied at the end of the
school.

During these years, the school network increased from initial 9 schools up to the
actual 18, more than 250 students participated, initial 3 expert teachers becomes now
about 8 and some of them started few years ago like young teachers.

The Pigelleto's Summer School  of Physics plays a central role for orienting students
toward physics in our territorial area. The main goal is the excellent feedback that
returns from students, their families and teachers. In the last years, the applications are
increased up to double the available positions.

At the end of 2011, the Pigelleto’s facility needed a roof’s repairing and other major
renovations. It was not possible to find a suitable structure for hosting the summer
school in 2012. Thus, in 2013 the school of physics moved in a magnificent new
accommodation: the former episcopal seminary of Pienza.

Training for teachers works very well. Young teachers benefit from discussion on
methodologies and design and from direct experience in laboratory with expert
teachers. On the other side, we identified the following critical points:

 often teachers are obliged to interrupt the stage for going back to school
service;

 young teachers (usually with no permanent position) can be called for a
temporary job during the school;

 few teachers in-service participate to the summer school (they usually prefer
not to accompany their student);

 more care is needed in order to involve teachers from pre-service Formative
Active Training course for teaching qualification.

On the other side, many activities inspired by the school entered in common practice
or became the starting point for developing learning paths to be used in the ordinary
didactics at school. Especially young teachers are more active in this direction.

In conclusion, the summer school of physics is an excellent action for orienting
students, for improving physics education in select topics and it is very effective as
informal training for young teachers. Sometimes, summer school’s activities inspires
teachers for new learning paths to include in school’s didactic but it is difficult to
obtain a large participation of  in-service teachers.
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Abstract: In this paper I focus on museum education, more specifically on museum educators’ 
articulation of their teaching. In order to challenge dominant discourses in science education in 
‘out of classroom context’ I shift focus from what is mediated and how the education is received 
to an investigation of how museum educators teach. Thus I focus on the museum educators 
embodied knowledge of teaching and the teaching strategies. The paper is based on participant 
observation, semi-structured qualitative interviews and filming of guided tours. I analyze the 
material using performance theory and Karen Barad’s term intra-action. The paper comes to the 
conclusion that a focus on the ‘doing’ reveals not only how the teaching is carried out but also the 
museum educators’ position in the museum as well as ways to understand how sciences is 
mediated.  

Keywords: museum education, intra-action, performance, museum educator, restored behavior. 

 

INTRODUCTION 
Learning in museums and science and technology centers are an emerging field in science 
educations. Researchers have in earnest started to understand the benefits of teaching in other 
spaces than classrooms and understanding how this can facilitate learning. It has especially been 
considered how a quantitative learning can be facilitated among students with different learning 
styles have been made. Researchers have focused on visitor’s learning, meaning-making, 
experience, performance and response to guided tour and other museum activities and various 
pedagogical models have been suggested in order to improve and evaluate the learning (see e.g. 
Black, 2005; Hooper-Greenhill, 1994, 2007; Falk & Dierking, 2000, 2012).  

Within science education museum visitors learning have been extensively studied in pre- and 
post-studies and recently attention has been paid visitors interaction with exhibitions and artifacts 
in order to understand the learning (Davidsson & Jakobsson, 2012:1). Learning in museums, and 
out of classroom context is commonly understood as a way to encourage critical thinking and 
active student participation as well as a way to engage in new ways with the subject matter. 
Because of its non-traditional stance it has come to play a role in social issues. Museum 
education has thus been promoted in issues of integration and as a tool to solve social problems 
as well as to promote learning that transcends racial, gender and class barriers (cf. Golding, 2009; 
Silverman, 2010; Skartveit & Goodnow, 2010).  

Researchers stress that museum education is important in order to mediate norm critical 
narratives, assist in public participation of heritage and to become a community friendly museum 
(Svanberg, 2010; HauptmanWahlgren, 2010). Museum education has thus been given enormous 
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positive and democratic connotation and I suggest that this is problematic because it conceals 
biases that are needed to be brought to attention. For instance the focus on visitors in the 
discourse prevails despite the fact that George Hein (1998: 135) claims that the focus on visitor 
studies makes it difficult to understand museum education since the time visitors spend in 
museums is so short. Yet, visitor studies continue to dominate the discourse to the point that it 
has become the new orthodoxy according to Sharon Macdonald (2011: 2). 

I argue, therefore, that there is a need to change the focus from visitors to museum educators and 
investigate how museum educators teach. I suggest also that the positive connotations given 
museum education is a chimera and the practical reality paints a different picture. From doing 
fieldwork in museums I noticed that pedagogical perspective does not permeate the museum 
work although articulated as such and that this is a global phenomenon. Instead museum 
education was regarded as an added factor often applied at the last stage. Traditional values 
dominate institutions resulting in a hierarchical pecking order where museum educators have the 
lowest status. For example I have come across staff-members explaining that it is common that 
they talk down on museum educators when they are not present at meetings. The low status of 
museum educators is also reflected in the salary and in the fact that the vast majority of museum 
educators are paid by the hour. I also argue that some museums appropriation of volunteers 
strongly undermines the professional position of museum educators and threaten the development 
of qualitative teaching and learning in museums. 

In addition I argue that the discourse in museum and heritage makes provision for the negative 
working conditions in museums since visitors studies portray museum education as something 
that only happens in front of the visitor and this in turn legitimates the situation of paying 
museum educators by the hour. As a response to the negative working condition and to the 
discourse in museum education I investigate the teaching of museum educators. I shift focus from 
what is mediated and how this is received to an investigation into how museum educators teach 
and their performance in order to elucidate the knowledge museum educators hold about specific 
teaching strategies. In order to realize this I center on museum educators working at the Museum 
of History (Stockholm, Sweden). I focus on how museum educators explain their doing of 
museum education. This archeological museum provides a good examples of how museum 
education can be approached as archeology, as a discipline, is located in the intersection of 
science and the humanities. Archaeology relays heavily on natural science methods such as 
chemistry, physics, forensic anthropology, geographic information system, mathematics and so 
on. Thus the examples provided in this article reveal how science is mediated through museum 
educational methods. 

 

METHODOLOGY AND THEORY 
During the fall of 2011 field research was initiated at the Museum of History and it was 
composed of three phases; qualitative semi-structured interviews, participant observation, and 
filming of the guided tours. I interviewed six museum educators employed at the museum (three 
women and three men) and I asked them to explain how they taught or in other words how they 
were ‘doing’ museum education. I specifically asked them to exclude the narrative and instead 
focus on the ‘doing.’ The reason for this was because I wanted to explore the embodiment of the 
teaching and try to unlock ways of talking about ‘doings.’  In order to realize this I employed 
qualitative semi-structured interviews because it assists in understanding how informants 
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organize and experience their reality and it allows the informants to associate freely on a topic. 
This can encompass knowledge otherwise rendered invisible (Denzig & Lincoln, 2000). The 
interviews were taped and transcribed and the informants have been coded to protect their 
anonymity. The article is also based on participant observation which is a method of open ended 
enquiry where the researcher seeks to explain cultural patterns (Jorgensen, 1989). I followed the 
informants when they were doing guided tours in exhibitions. The guided tour lasted normally 50 
minutes and was structured in different phases: meeting with the visitors, an introduction 
followed by about five different stops in the exhibition (lasting in between 5-10 minutes), and 
ending with a formal conclusion whereby the museum educator accompanied the visitors back to 
the entrance. During this time I took notes and later I also filmed them. The film was watched 
together with the informant in question during a second interview where we discussed the 
performance. The purpose of the film was not to analyze it but to use it as a tool to unlock the 
museum educators’ thoughts about the teaching. 

In order to analyze the material I appropriate performance theory which shifts focus from product 
to productivity. It enables the researcher to observe, reflect, theorize and interpret actions, e.g. 
teaching, as ways of knowing through one’s own or the other person’s body. It entails a 
theorization about how teaching is situated to the teaching bodies and how it is a situated 
knowledge (Schechner, 2002:4; Cooks & LeBesco, 2009: 233; Haraway, 1988: 592-495; 
Alexander, 2006: 256; Pineau Lamm, 1994: 16). A performance approach is therefore a 
methodological lens as well as an epistemological analysis as it reveals how embodied practices 
are connected to, and affected by, cultural discourses and knowing (Taylor, 2004: 381-382; 
Kemp, 1998: 116). To reveal this I use Richard Schechner terminology ‘as performances’ 
revealing how, e.g., social, political, or academic discourses are code into actions and ‘is 
performance’ to study how something is performed (Schechner, 2002: 38-42). Schechner holds 
that a performance is not only that which happens in front of an audience. So in order to make 
suggestions as to how the knowledge into museum education can be expanded upon I use 
Schechner’s (2002: 225) way of structuring the performance into three phases: the pre-
performance phase (preparations, training, planning), the performance phase (warm-up, staging, 
cool-down), the post-performance phase (critical response and archiving of experiences). 

Asking questions about performances can reveal knowledge about embodied practices and 
‘doings.’ Explaining this further I draw on physicist Karen Barad’s (2003) term intra-action 
which includes an analysis of how things come to matter in relational situations. I explain 
museum education, drawing on Barad (2003: 828), not as a fixed practice but a doing in its intra-
active becoming. Thus museum education is becoming in its very ‘doing’ but also through 
discussing museum education. The interviews are therefore regarded as a situation where 
museum education is made and that is also why I emphasize the importance of focusing on the 
museum educators’ articulation because it puts science education in out of classroom context into 
a different perspective. 

Unlike Barad (2003: 828) who argues that intra-actions does not presuppose the prior existence 
of independent entities and that it is the relations between subjects and object that make up the 
components of the phenomena, that there are restored behaviors that precede and direct the intra-
action. Restored behaviors is Schechner’s way of explaining how every performance is new yet 
builds on previous behaved behaviors. He clarifies it as bits of previous performances that are 
reorganized and re-performed. Restored behaviors can also be explained as the rule or the 
tradition for how things are carried out thus marking and framing the performance. Using the 
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concept it is possible to theorize about the teaching as an embodied practice and how it is connect 
to institutional demands and rules (Schechner, 2002: 28-29, 34-36). Museum education is also 
about personal choices and museum educators do not always follow the intentions of the museum 
(Rees Leahy, 2011: 36). The museum educators at the Museum of History have, in their own 
ways, a particular discursive and political agenda that shaped the teaching. Some had a feminist 
agenda, others a queer agenda, some a class perspective. All of them, in different ways, had a 
desire to deconstruct dominant narratives of science. Their agendas determined to a large extend 
how they used the exhibition, what kinds of story and object the museum educators chose to 
focus on.  

In order to illustrate how the museum educators talked about the teaching I will now turn to a 
discussion of the pre-performance phase, the preparations, and then continue discussion the 
meeting with the visitors and ending with a discussion what occurs after the meeting with the 
visitors. 

 

PREPARING THE GUIDED TOURS  
I argue that the preparations, that which the visitors do not see, is one of the most important parts 
of museum education yet this has been largely overlooked.  Although it is ignored I argue that the 
pre-performance phase holds the key to understanding the entire pedagogical project because 
during this phase the guided tour is researched, rehearsed, interpreted, absorbed and recomposed 
(cf. Schechner, 2002: 237-239). The preparations, therefore, reveal how the teaching is structured 
and how restored behaviors are assemblage and how the exhibition and the museum educator 
intra-act. To my informants the preparations were important and they all described it in very 
similar ways. They illustrated how the pre-performance phase involved consulting books, articles 
and other scientific material to prepare the guided tours. Museum educators are also often 
criticized by other museum professionals for not knowing enough and consequently the focus has 
been put on what is narrated although this only encompasses a part of the pedagogical project. 
My informant Ester reflected in this and told me that when she started to work as a museum 
educator she had a tendency to overdo the preparations because she was nervous about not 
knowing enough but soon realized that everything that she ‘had read and learned and all the 
details was not requested by anyone.’  The preparations are, in the words of Anneli ‘about 
learning how to do a guided tour’ not about memorizing facts.   

So, in order to learn how to teach the museum educators watched each other and in this museum 
there was a semi-formal apprentice system where new museum educators are encouraged to 
follow and watch more senior ones. The profession is thus furthered from body to body through 
watching and mimicking others and the embodiment carries a history. Diana Taylor writes that a 
performance is never for the first time but it is actualized in the ‘now’ and carriers a history that 
links the past to the present through the ‘doing’ (Taylor, 2006: 83). So in the ‘doing’ museum 
education the educators are furthering a history through the apprentice system. In being watch, 
and watching, the museum educators upheld and reshaped the boundaries and the rules for the 
teaching. Thus they upheld and controlled the teaching communally. The pre-performance phase 
can thus be understood as setting the boundaries for the teaching by combining and restoring 
behaviors from previous performances and incorporating them into their own teaching. 
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The preparations also included getting to know the exhibitions and the knowledge imbued in it 
hence they referred to it as ‘learning the exhibition.’  Museum educators are seldom part of the 
process of creating the exhibitions thus they are not part of creating the tools for the teaching 
which is very problematic. Accordingly the preparations entailed understanding the teaching tool 
by assembling different kind of written material connected to the exhibition like exhibition texts, 
catalogues, articles and different minutes from meetings as well as talking to exhibition 
producers. This can be explained as assembling different curator’s behaved behavior and 
renegotiating them into the teaching. 

My informants also explained that an important part of the preparations was to create an 
embodied connection to the exhibition and build a relationship to it. For instance Gustav said that 
‘during the preparations I prepare myself as if the exhibition will control me [during the guided 
tour.]’  Ester was of a similar opinion and said that ‘I have a story to tell and it is based on the 
exhibition and that which the exhibition is about.’  Gustav explained that ‘the exhibition space 
will come to set the framework for how my guided tour will be carried out.’  Anneli said ‘that a 
[exhibition] room is some kind of frame for what can and cannot be done.’  She also said that the 
exhibition directs how the guided tour will be carried out: ‘there is basically one way to walk and 
the course has already been decided on. It has already been decided on what kind of knowledge 
to begin with and how to continue.’ Anneli said that ‘the exhibition’s design and structure can 
really carry the whole guided tour but sometimes it can also make it incredibly difficult.’  John 
told me that ‘it feels like I make it work somehow although the places [in the exhibitions] are not 
ideal’ and my informants often stressed how the exhibition hindered them. 

What the informants articulated was the intra-action between museum educator and the 
exhibition where the engagement with exhibition and the objects on display affects the 
‘becoming’ of the teaching. It also exemplifies how the teaching was limited by traditions of how 
to do exhibitions and who decided how knowledge was organized and presented. Drawing on 
Barad (2003: 820) I argue that the exhibition is an active agent that participates in the very 
process of shaping and structuring the teaching. The museum educators’ way of teaching as well 
as the story that they narrated was directed by the layout and the content of the exhibition, thus 
scientific epistemologies shaped the teaching. Yet, the museum educators can, nevertheless, 
reshape the narrative of the exhibition by choosing and neglecting certain aspects of it.  

 

THE GUIDED TOURS  
All my informants described how they either arrived at the museum just before the guided tour or 
that they went from their deskwork to meet with the visitors and that there were no warm-up. 
Ester explained that desk work was considered more important that guided tours and she said that 
‘there is no one who really wants to do the job or experience that they have the time.’  This also 
explains why all of my informants stressed that the initial meeting with the visitors was the most 
important part of the guided tour. They said that by talking to the visitors they created a 
perception of the group, the level of knowledge and purpose of the visit and this information was 
used to renegotiate the structure of the guided tour. The intra-action between the museum 
educators and the visitors thus changed the teaching in terms of what and how they were going to 
teach, what stops they were going to make and what kind of narrative they were going to tell. 
During the meeting they also established their role as a leader or what could be articulated as the 
navigator of the intra-action. 
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My informants said that the initial meeting was important for how the ‘cooperation’ between 
them and the visitors were going to play out. The word ‘cooperation’ sometimes replaced the 
term guided tour and this explains how the informants regarded the teaching. Teaching to them 
was not a one-way communication but a relational situation. For instance Klara said that 
‘museum education is to be able to adjust to the group,’ John said that it was important to ‘meet 
the visitors where they are’ and Morgan told me that his role as a museum educator was ‘to be a 
speaking-partner.’ In other words the teaching changed according to who the visitors were. John 
said that ‘I have different roles depending on the groups’ purpose with their visit.’  Ester verified 
this: 

You are a teacher, but you are also the host of a building, a museum [...] you are also an entertainer and 
performer. You also have to be damn interesting all the time, even more so than an ordinary teacher who 
works at a school.  

After the initial meeting the museum educator accompanied the visitors into the exhibition and 
my informants told me that they at first assumed a more dominant role but subsequently allowed 
the visitors more space to interpolate. Before this could happen my informants expressed that it 
was important to implement a sense of a framework so that the ‘cooperation’ could work. Thus 
the ‘cooperation’ is in other words the intra-action between museum educator and visitor in the 
exhibition space. For my informants it was vital to steer the intra-action to not lose control of it 
but at the same time also allow the visitors to take active part in the teaching. For instance 
Morgan said that ‘the guided tours that worked the best were those where the visitors had been 
able to talk a lot.’   

The teaching was upheld and furthered in a relational situation between visitors and museum 
educator. This means that every guided tour is unique due to the intra-activity and the specific 
relations between visitor and museum educator. Drawing on Barad I argue that museum 
education is not a fixed practice but something that is constituted in the very doing and in its 
intra-active becoming (Barad, 2003: 828). In order for the museum educator to navigate this it is 
important for museum educators to assemblage as many restored behaviors as possible to manage 
and further the ongoing intra-actions. To uphold the ‘cooperation’ and to allow the visitors to be 
in center of the discussion the museum educators asked the visitors questions. Klara told me that 
the reason for why she asked so many questions was so that the visitors were part of interpreting 
the exhibition and find answers themselves. Gustav elaborated on why he asked so many 
questions during a guided tour: 

So it does not become a monologue and because you want to get away from the traditional and older picture 
of how museum educations is carried out, where a person tells you things and holds a monologue, and tells 
you that this is interesting and this is not interesting […] one wants to depart from that not only because it is 
boring but also because it is regarded as conservative 

Asking questions was thus also a critique of previous teaching methods in museums. The way my 
informants talked about the teaching, in terms of including visitors were deeply affected by the 
discourse of participation in the museum and heritage research. The teaching of the museum 
educators can be regarded as performance of this discourse and in embodying the discourse the 
teaching strategies was shaped accordingly.  
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AFTER THE GUIDED TOURS  
A post-performance phase, included in their tasks, when the museum educator could archive the 
experience or contemplate the teaching and possible improve it was not included. This may be a 
reflection of that the guided tours was considered as an uncomfortable break in the daily routine 
and often performed by temporary employed museum educators. After the guided tour the 
museum educator either went home or back to their deskwork. For those paid by the hour it 
heralds the end of the day and any consideration of how the teaching could be improved was 
something that they had to think about outside the office hours. The non-existent post-
performance phase can be regarded as performance of the institutionalized attitudes to the 
teaching. It is a reflection, I argue, of how the practice is understood (as something for the 
visitors) but also an echo of academic discourses.  

 

CONCLUSION  
An important factor in science education is the ability to use out of classroom spaces as a source 
to develop and further a qualitative learning of science. Museums and science and technology 
centers are such spaces and they are started to be recognized as important sights for learning. Yet 
museum educators are largely overlooked. Although they have conducted teaching in out of 
classroom contexts, and know a great deal about this kind of teaching and how to facilitate a 
contextual learning that is at the same time norm critical, their knowledge is not recognized. I 
showed in the beginning of this article that research has particularly paid attention to how visitors 
learn and experience science in museums and this has contributed in insights into learning 
processes. Yet I argue that this has also limited and marginalized the understanding of teaching 
processes.  

In this paper I seek to acknowledge the embodied knowledge of teaching science in museum 
contexts. As a critique of current discourses I shift focus from how learners experience and learn 
in museums to how museum educators teach. In addition I reveal how the discourse have 
consequences for the practical reality. For instance the discourse of museum education furthers a 
focus on visitors and this focus has legitimated the system of paying museum educators by the 
hour and limited their pre- and post-performance phase. This is due to the fact that museum 
education is commonly regarded as something that happens in front of the visitors. Thus I also 
argue that more research needs to be paid the pre- and post-performance phase. I suggest that the 
focus on learners damages the possibilities for creating a qualitative teaching environment and 
limits opportunities to develop teaching excellence in museums. 

To address this I exemplify how the museum educators learn how to teach and how the teaching 
us upheld and furthered within the institution. I explain this as restored behaviors that museum 
educators embody and perform in relation to each other but also in relation to material culture. I 
explain how the teaching of museum educators is a practice where discourses and ways of 
knowing are intertwined and embodied in the teaching. As these performances are in a constant 
state of becoming there are also great possibilities for the museum educator to develop and 
change the teaching according to their own agenda.   
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Thus I also define the teaching as an intra-action – a relational situation between museum 
educator and the exhibitions as well as between the museum educator and the visitors. The 
teaching of museum education is, therefore, not something that ‘is’ but something constantly 
‘becoming’. Each performance is similar as it builds on restored behaviors, yet unlike as different 
intra-actions constantly reshapes the disposition of the teaching. In order to understand this better 
argue for a shift from how museum education is received to how it is carried out. Moreover I call 
for a museum education that emerges from museum educators’ experience of teaching and their 
articulation of teaching strategies. I argue that museum educators hold valuable insights that are 
not recognized to the degree it should be.  

A focus on museum educator’s articulation of museum education and their intra-action with 
exhibitions also asks the fundamental question: is there such a thing as a generic museum 
education. I would suggest that different exhibitions and different scientific disciplines construct 
different museum educations and different teaching strategies and this needs to be furthered 
explored. More research is thus needed into how museum educators teach and how they consider 
the teaching. This can facilitate a more diverse understanding of science education in out of 
classroom contexts. By using the knowledge of museum educators more actively it can facilitate 
more qualitative learning spaces in museums and science and technology centers. Hopefully this 
can assist in also elevating the status of museum educators. 
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Abstract: Within the Comenius multilateral network CoDeS that focuses on school 

community collaboration addressing sustainability, the on-going collaboration between the 

National Park (NP) Hohe Tauern in Austria’s central Alps and the Middle School in the NP 

village Winklern acts as a good practice example for a sustainable and long term partnership. 

The presented case study includes multi-stakeholder perspectives of teachers, pupils, 

inhabitants/parents, rangers and hut keepers who co-operate towards the mutual aims of 

fostering environmental learning and responsibility as well as raising the acceptance of the 

National Park within the community. For the past ten years the Middle School included tasks 

relating to the NP at the center of their educational work, supporting one of their main 

focuses, the annual outdoor program “Nature-Sports-Fun”. This initiative was evaluated by a 

team at the Institute of Instructional and School Development at Klagenfurt University, 

commissioned by the NP. In addition to evaluating the academic project itself, attitudes 

towards the NP were also examined. 59 graduates of the school and their parents 

(questionnaires), 19 teachers (interviews), 4 rangers (interviews) and 3 hut keepers 

(interviews) were questioned. The results were reported back to the school and the NP. The 

program “Nature-Sports-Fun” essentially reached its goals of making nature more accessible 

to children through experience-oriented learning and of encouraging responsible, sustainable 

action. Inhabitants identify with the region strongly. The NP is viewed as one of the most 

important economic factors in the region. It publicizes the region and fosters tourism. 

However, nearly all of those polled were of the opinion that the NP alone could not prevent 

young people leaving the region, as it cannot create enough jobs to keep them there.  

 

Keywords: ecological and environmental education, education for sustainable development, 

science education, action oriented learning, regional identity, national park-school-

cooperation, evaluation, case study 

 

PURPOSE 

The National Park (NP) Hohe Tauern in Austria’s central Alps has, in addition to working on 

nature preservation, research and tourism, also an educational mission. A public middle 

school (grades 5-8), called “Nationalparkhauptschule Winklern” (National Park School 

Winklern), located in the Mölltal region in Carinthia/Southern Austria, works together with 

the NP for the past ten years. The school included tasks relating to the NP at the center of 

their educational work, supporting one of their main focuses, the outdoor program „Nature-

Sports-Fun”.  

The vision of the NP School is written down in its goals: 1) Students understand that the NP 

plays a central role in the well-balanced, sustainable development of the region ecologically, 

socially, and economically. 2) Students learn to value the natural and cultural heritage and are 
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later prepared to accept responsibility for the region’s future welfare. With this as a basis, the 

school continues with the following measures: cross-curricular integration (especially the 

science subjects biology, geology, physics and geography) of a range of topics in lessons (i.e. 

plants, animals, humans and living spaces in the NP and the future of the NP, etc.) as well as 

the outdoor program “Nature-Sports-Fun”. The learning environment created by this approach 

covers the knowledge of teachers and NP-rangers on the one hand and the practical, action 

oriented approach during the outdoor program, an extra-school learning environment, on the 

other hand. Pupils learn as well about the relationships and tensions in the region, being a NP 

that aims at protecting nature, but at the same time being a habitat where people live, as well 

as being an economic area where people practice farming and tourism. The inclusion of social 

dimensions in learning science shows pupils the relevance of science education in everyday 

life and in their own region.  

With the program „Nature-Sports-Fun” students should improve and expand on topics learnt 

in class, recognize the possibilities offered by alpine living spaces, strengthen their own ideas 

concerning nature, develop a respectful approach to the region’s resources and become 

regional “ambassadors“ for the NP. In order to meet these objectives, students, in addition to 

their regular lessons, take part in four three-day courses in cabins in the NP, as well as six 

day-long excursions in cooperation with the NP (park rangers) over the course of four years. 

Leaving the “teaching environment school” and make use of the “learning environment 

nature” in front of the classroom’s door, pupils can experience the fascinating nature of the 

NP region with all senses. Furthermore they record their experiences, impressions and 

findings in journals. The learning environment created covers a) the knowledge passed on by 

teachers and NP-rangers in school, and b) the practical, action oriented approach in the NP (an 

extra-school learning environment). The combination of theoretical and practical teaching 

methods seems to be helpful in developing attitudes and establishing skills needed for a 

sustainable lifestyle. Furthermore the pupils are seen as multipliers in spreading their 

knowledge and enthusiasm in their homes and families. 

  

RATIONALE 

The small village Winklern, one of the seven National park-communities of the NP Hohe 

Tauern, is located in the Mölltal region and can be regarded as a remote area where the 

emigration of the young generation is considered as an important issue. This area has 

approximately 8.000 inhabitants and 50% of them are commuters who work outside the 

communities during the week and come home only on weekends. Pupils from six 

communities attend the National Park School. Because it is the only secondary school within 

a radius of 16 km, the school plays an important role in retaining children in the region. 

Currently the school has 309 students (15 classes); the teaching staff consists of 36 people.  

Since 2002 Austrian schools have to develop a certain curriculum focus, a so called school 

development plan. Due to already existing contacts and occasional projects with the NP and 

the geographical proximity to the NP the school’s principal took the decision to strengthen the 

collaboration between the school and the NP with the goal to focus the curriculum in the 

direction of nature and environment. Through the specialisation of the NP School it was 

expected to make the school more attractive and stop the loss of secondary school-pupils who 

prefer to attend secondary grammar schools (Gymnasium) in larger towns. The 

collaboration’s focus has slowly moved from small, creative, playful projects that aimed at 

showing public presence of the NP, to longitudinal projects with the aim of raising awareness 

of sustainability among the younger generation. In order to negotiate the aims and 

expectations of the collaboration a steering group, consisting of interested teachers, the 

principal and the NP staff, was build. The steering group developed in a 2-days workshop a 
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concept of the collaboration. The discussion was led by an external moderator, an 

internationally renowned biologist and expert in the area of environment and nature 

protection, to ensure the objectivity and impartiality of the discussion and negotiation process. 

The location deliberately chosen for the discussion was a cabin in the NP, apart from the 

involved institutions. This should avoid constraints. During the meeting ideas and concrete 

objectives were discussed as well as their feasibility. Different conceptions concerning the 

collaboration could be clarified. By developing a concept, partners mutually set the 

cornerstones and got the possibility to include their ideas and wishes. As a result a 

collaboration contract was established and signed by all partners in April 2002. The contract 

acts as a mutual agreement clarifying the overall aims of the collaboration and responsibilities 

of the stakeholders. Since the signature of the collaboration contract the school bears the 

official name: “National Park School”. The contract ran for five years afterwards it should be 

evaluated and renewed. The temporary validity of the contract supports the quality of the 

collaboration: In 2010 the collaboration was evaluated (Rauch, Dulle and Zois 2010) through 

quantitative and qualitative research.  

 

 

Figure 1: The collaboration process 

 

METHODS 

The evaluation (Rauch, Dulle and Zois 2010) acts as an interim evaluation in monitoring the 

achievement of objectives. The results aid further cooperation between the NP School and the 

NP. In addition to the observations and opinions of the main group, the school’s graduates, 

those of parents, teachers, NP rangers as well as hut keepers were also collected. The attitudes 

of these groups of people towards the NP and their identification with the region are of 

particular interest.  

The survey questionnaires and interview guidelines were developed based on a material 

analysis of texts on NP Hohe Tauern and NP School (Neubauer and Mackinger 2005, Pinter 

et al. 2004, Pinter 2009) Student and parental opinions were gathered using two different 

questionnaires. The questionnaires, together with an accompanying letter, were mailed to 144 

graduates and their parents. 59 graduates (return rate 40%) and 58 parents (return rate 41%) 

returned them. The questionnaires were evaluated using descriptive statistics (Friedrichs 

1990). Using the statistic program SPSS, frequency, percentages, means and standard 

deviations were calculated. The open-ended questions were categorized.  

The opinions and impressions of teachers, rangers and hut keepers were gathered in 

interviews (Lamnek 2005). 19 of the 39 teachers from NPHS Winklern and 4 park rangers 

took part in partially structured guided interviews in groups of 4-5 participants. Telephone 

interviews with three hut keepers from the cabins were the students lodged in the course of 
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the program were also conducted. These interviews were transcribed and analyzed (Mayring 

2002).  

To deepen the insight in the collaboration process, this case was further analyzed, discussed 

and compared within the multilateral network CoDeS. 

 

RESULTS 

The program “Nature-Sports-Fun” essentially reached its goals of making nature more 

accessible to pupils through experience-oriented learning and encouraging responsible, 

sustainable action. Due to the program’s intensive experiences and the personal contact with 

NP personnel, the vast majority of students realize the importance of environmental protection 

as well as the significance of NP for the region.  

 

“They absorb the words like a sponge. They hang on the ranger’s every word. Some show extreme interest. They 

don’t feel it’s school but another form of learning. It is fun.“ (Teacher) 

“Of course their behavior changes a little bit, because on the day of departure they are a little more thoughtful 

than on the first day.” (Hut keeper) 

 

An additional learning facet which became apparent in the results of the students’ self-

assessments is the respectful approach to natural and cultural resources in the region. Less 

support and therefore a greater potential for development is present in arousing lasting interest 

in other regions and cultures. School partnerships could intensify exchanges and contact with 

schools in other regions, broadening students’ understanding and interest. Some teachers are 

of the opinion that the program “Nature-Sports-Fun“ is considerably extensive and students, 

therefore, have little time to participate in other projects which are also part of the school’s 

special focus areas. The results of the identity assessments of the students as well as the 

parents paint the following picture: over 90% of the students identify with the region and are 

proud of it (80%).  

Due to its rural location the two pillars of the region’s economy are the agricultural sector and 

tourism. The NP is a considerable economic factor in the region. It advertises the region, 

attracts visitors and is good for tourism. Those teachers, rangers and hut keepers interviewed 

as well as the students and parents asked were predominately in agreement that the NP is the 

most important economic factor in the region. 

 

“If one takes a look at local advertisements, there is hardly anything without the National Park … I can’t 

imagine how it would be without it. The National Park has become an economic draft horse for us up here... 

Because so many people depend on it economically, from direct marketing to hotel businesses.” (Teacher) 

 

One of the questionnaire’s central findings which can be highlighted is the students’ and even 

more so the parents’ positive attitude to the NP. This positive result is the effect of many 

years of effort of the NP, to raise its acceptance within the local community through 

information activities, funding and infrastructure. When the NP was established 30 years ago, 

the population was concerned that this could mean restrictions for the cultivation of the 

cultural landscape. In exchange for the sustainable management of the agricultural cultural 

landscapes the NP had to guarantee the farmers certainty in terms of income and continuity of 

agricultural functions (temporary lease agreements). But nevertheless some farmers, 

landowners and hunters could not overcome their initial skepticism. 
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“People didn‘t know anything about the National Park! Nothing! Thus, it was seen as an obstacle. They thought 

a fence will be set up and they are not allowed to do anything.“ (Teacher)  

 

Prejudices, like the assumption that the NP means more restrictions than advantages, are 

expected to be overcome in the next generation. Thus the NP aims at strengthening school-

collaborations to develop a sustainable attitude and acceptance among the younger generation. 

Whereas the NP rangers place special emphasis on general appreciation for nature, for 

teachers and hut keepers, tangible nature conservation and maintaining regional culture and 

cultural landscapes are top priority. All of the interview partners, moreover, cited research, 

education, sensitization, financial support, publicity and marketing for the region as further 

functions of the NP. 

 

“And finally all of them come to us. It doesn’t matter if it’s a farmer’s initiative, Glocknerfarmers or the 

Glocknerlamb. After some years of muddling along, if they don’t succeed, they come to us, because it’s said: 

They have efficient structures and there is money. If someone has got money, it’s the park and that’s where they 

go.” (Ranger) 

“Well, I as a hut keeper profit from hikers, up here, there are beautiful hiking-tours, when they stop for a bite to 

eat, of course, it is a value added. Because the region is marketed with consistent things and promoted with 

consistent slogans, I think this is very advantageous ... The name itself counts a lot too. Because it’s a well-

known name and if many people went the same way, I think there would be a lot to it.” (Hut keeper) 

 

However, almost everyone asked also felt that the NP alone couldn’t prevent young people 

from leaving the Mölltal region, as it could not create enough jobs and the region offers 

neither opportunities for further education nor the capacity for more industry.  

Evaluation data shows that the collaboration is described by the partners as being a friendly 

relationship based on mutuality, professionalism and flexibility. It is a win-win situation for 

all partners.  

 

“This partnership is based on reciprocity. We are always ready to support them, even beyond the program and 

vice versa.“ (Ranger) 

“Two partners have found each other … and both needed something: The NP was looking for further 

development and the school needed a focus and program. That was fate.“ (Teacher)  

 

CONCLUSIONS AND IMPLICATIONS 

This CoDeS case shows that the combination of in- and extra school learning environments in 

science education supports the development of pupils’ competences and the ability of 

applying the science learned in their everyday lives. The program “Nature-Sports-Fun“ 

essentially reached its goals of making nature more accessible to children through experience-

oriented learning and of encouraging responsible, sustainable action. Parents suggested 

offering more intensively projects with hands-on work. The successful cooperation between 

the National Park School and National Park Hohe Tauern should, by all means, continue. 

Many graduates recognize the importance of the NP for a sustainable, ecological, social and 

economical development in their region (Rauch, Dulle and Zois 2010). The main added value 

of this exemplar case is the inclusion of the majority of the inhabitants of the NP-communities 

and the mutual aim of the sustainable development of the region, regarding the conflicting 

areas of interest: nature preservation as well as tourism and farming. For the work of CoDeS 

this case provides different tools and ideas of enhancing the success and sustainability of a 

school community collaboration (www.comenius-codes.eu). 
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Abstract: The Science Education Department from the Autonomous University of 

Barcelona (UAB) and the local administration of the Sant Cugat del Vallès municipality 

in Catalonia, Spain have been collaborating for the last seven years through the program 

School Agenda 21 to promote education for sustainability programs in schools and the 

community. The collaboration has focused on School agroecology which has facilitated 

the establishment of links between the schools and the land so that a new community 

could be built. A new network has been created with the participation of 22 public 

schools (0-18 years), five agro-environmental educators, researchers from the 

university, administrators from the local administration, and other relevant community 

stakeholders. This paper presents a case study of this collaboration in order to identify 

in one hand the community and land changes as a consequence of this collaboration and 

on the other hand the tensions experienced by the different stakeholders of the 

collaboration. The research methodology is oriented through a qualitative interpretive 

paradigm and has adopted a bricoleur model for the management of data collection 

strategies which include participant observation, document analysis, and 

formal/informal reflective interviewing, Data analysis has followed the development of 

assertions as a way to build knowledge from the case.  The results of the case indicate 

that School agroecology is a social context that facilitates the construction of a 

community where the different stakeholders have the opportunity to make changes in 

the land, in education, and more specifically in science education. This case study is 

also part of the ongoing European CoDeS network whose main aim is to collect 

exemplar case studies on school community collaboration towards sustainability. One 

important focus of this network is to identify collaboration models in which science 

education has a relevant role.  

 

Key words: School agroecology, Education for sustainable development, Environmental 

education, Case study, School vegetable gardens 

 

 

PURPOSE 
 

The Science Education Department from the Autonomous University of Barcelona 

(UAB) and the local administration of the Sant Cugat del Vallès municipality have been 

collaborating for the last seven years through the program School Agenda 21 to promote 

education for sustainability programs in schools and the community. The collaboration 

has focused on School Agroecology (www.agroecologiaescolar.wordpress.com) which 

has facilitated the establishment of links between the schools and the land so that a new 

Strand 9 Environmental, health and outdoor science education

1731



community could be built. A new network has been created with the participation of 22 

public schools (0-18 years), five agro-environmental educators, researchers from the 

university, administrators from the local administration, and other relevant community 

stakeholders. This paper presents the results from a case study of this collaboration in 

order to identify in one hand the community and land changes as a consequence of this 

collaboration and on the other hand the tensions experienced by the different 

stakeholders of the collaboration.  

 

The present symposium will provide a forum in which eight science education 

researchers from three different countries will present case studies on school community 

collaboration towards sustainable development. The work presented in this symposium 

is part of a European Network CoDeS (School and community collaboration for 

SD/ESD) funded by the EU (2011-2014) whose general aim is to collect and 

disseminate successful collaborations among European schools and communities to 

promote sustainable development. One important focus of this network is to identify 

collaboration models in which science education has a relevant role (CoDeS Project 

Homepage, 2013).  

 

 

RATIONAL 
 

Local administrations in Europe experience difficulties in developing Agenda 21 

programs which involve schools and promote local sustainable development. 

Agroecology is a transdiscipline that aims at promoting local development by taking 

into account the ecological, social, economical and political dimensions of new and 

alternative agricultural practices (Sevilla Guzman, 2006; Sevilla Guzman et al. 2000). 

School agroecology is the result of a didactical transposition of Agroecology which 

promotes the introduction of agricultural practices in schools and the involvement of 

schools in local sustainable development (Espinet & Llerena, 2011; Espinet, 2011). It 

has been coined as praxis with the aim of empowering students and the educational 

community to become authentic agents with an increasing control over the school food 

system (Espinet, Llerena & Rekondo, 2012). The present case study aims at deepening 

our understanding on how successful collaboration among community actors works so 

that education for sustainability and science education are promoted. We are particularly 

interested in gaining deep insights on social and educational processes which maintain 

community learning environments.       

 

 

METHODS 
 

The case study uses a qualitative approach to research oriented by an interpretative 

paradigm that takes an “emic” point of view to describe stakeholders’ participation 

within the case (Stake, 1998; Guba & Lincoln, 1989). The data collection strategies for 

the whole study include participant observation, document analysis, and 

formal/informal reflective interviewing thus adopting a bricoleur model to research 

methodology (Kincheloe, 2001). In this paper we will present the case study based two 

kinds of data such as primary and secondary data sources. The primary data source is 

constituted by the 62 minutes of all the school network meetings (Llerena, 2013), and 

the secondary data sources are constituted by the school interviews and blog materials.  
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The minutes of meetings as data sources 

 
The minutes of the network meetings are central documents in the development of the 

school network and have been written by one of the researchers and co-author of the 

paper as part of his professional duties. This document serves different purposes such as 

field notes collection, instrument for communication, establishment of commitment 

between institutions, and recognition of actors’ participation. The minutes created 

specifically for the school network are thus a new textual genre which lies in between 

an official minute, a narrative and a piece of news.  

 

The minutes have a common global textual structure which has been followed and 

include the place and date of the meeting, the name and logo of the agenda 21 program 

and UAB, the attendants, the meeting agenda, a summary, a participants photo, the 

textual and visual description of the school garden visit that takes place at each meeting, 

the textual and visual description of the conversation, and finally the annex documents 

used in the meeting. The process of minutes production by the author follows similar 

patterned actions which include: (a) note taking by the author during the meeting and 

videotaping; (b) the author writes the minutes in the following week and sends them for 

review to the second coordinator of the network and few relevant participants in the 

meeting; and (c) the minutes are sent to all participants and uploaded in the blog. The  

 

Dimensions for data analysis 

 
Data have been organized into meaningful dimensions which are relevant to the study of 

school community collaboration for ESD. These dimensions have been chosen from the 

work developed within the Comenius Network on School Community Collaboration for 

ESD (CoDeS). This work has identified 8 quality criteria which act as key stones of 

successful school community collaboration for ESD (Espinet, 2013).  The research 

dimensions used to analyze the data collected were taken from the CoDeS key stones 

and were paired based on the actions they were supporting (Table 1).  

 

Table 1 

Key Stones as Dimensions for the Case Study Analysis (Espinet 2013) 

 

Dimension Characterization Action 

Dimension 1 Participation 

Dimension 2 Communication 

Networking 

Dimension 3 Learning 

Dimension 4 Acting 

Changing 

Dimension 5 Visions 

Dimension 6 Mandates 

Orienting 

Dimension 7 Resources 

Dimension 8 Research 

Supporting 
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Data analysis has followed Erikson (1989) development of assertions as a way to build 

knowledge from the case. The main questions that guided the analysis within each of 

the above mentioned dimensions were the following: 

a) What things are changing? 

b) In what direction are they changing? 

c) Who is involved? 

d) What tension is driving the change?  

 

 

RESULTS 
 

Some results are presented in the form of assertions that identify the main changes and 

tensions experienced by stakeholder of the collaboration within one particular 

dimension.  

 

Dimension4: Acting 
The assertion corresponding to this dimension is the following: “Pupils and teachers 

foster changes in the school “territory”: “from agrarian reform to school agroecology 

reforms”.  

Setting up school or municipal food gardens —in spite of their educational nature— still 

evokes the conflicts and difficulties that agriculture has experienced throughout history, 

albeit on a smaller scale. Farmers’ movements have always demanded and fought for 

agrarian reform and, in school agroecology, there are also some short histories on land 

occupation.  

 

Dimension1: Participation 
The assertion corresponding to this dimension is the following: “Educators and farmers 

experience changes in the community: the emergence of a new agent between schools 

and the farming community living in a precarious situation between two worlds”.  

Two new community actors —agroenvironmental educators and farmers— have 

gradually emerged, and their roles have sometimes been fundamental. Other actors, 

such as families, do not appear to have played such fundamental roles despite the fact 

that they are essential, key actors in school communities, particularly at certain stages of 

schooling. 

 

Dimension6: Resources 
The assertion corresponding to this dimension is the following: “Local administrator 

and program coordinator promote changes in policies: juggling with regulations”.  

Ecological school dining rooms, the employment of educators to undertake duties in 

educational communities, collaboration between municipal programs run by different 

departments and the participation of schools in municipal budgets are fields in which 

regulations and current policies make community action very difficult. Local 

administrators need to find cracks within the system so that small changes can be 

introduced, thus facilitating progress and resistance from a critical viewpoint. 

 

Dimension3: Learning  
The assertion corresponding to this dimension is the following: “Teachers develop 

changes in their pedagogical practices: opening the multiple doors of the curriculum”.  

School agroecology never made its way into schools immediately as a general approach; 
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rather, it depended wholly on the teacher who initiated the project. The particular 

context of each school (its history, the people at it, the changes it undergoes, its social 

composition), and also of each specific teacher that has taken part in the project provide 

the explanation as to how agroecology made its way into schools 

 

Dimension8: Research 
The assertion corresponding to this dimension is the following: “Science and 

environmental education researchers experience changes in their role as researchers: 

from “off-the-shelf” research to a social learning laboratory”.  

School agroecology has allowed work to be done in a laboratory such as the school 

network which has acted as a platform for applied research. In doing so researchers’ role 

has included action involvement in the community and community actors’ role has 

introduced the research dimension in it.  

 

 

CONCLUSIONS AND IMPLICATIONS  
 

School agroecology creates social contexts that facilitate the construction of a 

community where the different stakeholders have the opportunity to make changes in 

the land, in education, and more specifically in science education (Espinet, Llerena & 

Rekondo, 2012). The impact of the collaboration has been the creation of a new ES 

field: School agroecology, which can really act as a motor for school and community 

change. At the level of schools the impact has been differently experienced.  

 

For the Nursery Schools, the collaboration has provided an opportunity to become 

active members of the educational community for the first time ever and reform school 

open spaces. For primary schools the impact has been in the systematic introduction of 

new educational spaces such as school food gardens that keep growing year by year. For 

secondary schools the collaboration has provided a safe context where adolescents have 

become authentic agents of education for sustainability by teaching plant growth and 

matter cycle to younger children.  

 

For the city hall environment department the collaboration has opened them to real 

education processes overcoming the old vision of schools as being recipients of 

sustainability messages. For the university the collaboration has provided a social 

laboratory where to directly experience ES innovation and research. For the NGO side, 

the collaboration has created a new role, the agro-environmental educator, who has been 

able to participate as one more member in the educational community. Finally, a new 

emerging impact comes from the new young agroecological farmers in the municipality 

who have found a new social network where to start new production and consumption 

local business. For the work of CoDeS this case provides in depth reflections and 

evidences of successful school community collaboration towards sustainability. Further 

information on this CoDeS case is available under CoDeS Case Blog (2013) 

http://codessantcugat.wordpress.com/.  
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Abstract: The work presented in this paper stands on the assumption that Science 

Education (SE) can meet the challenges of Education for Sustainable Development 

(ESD), since they are related and both complement each other in helping students as 

citizens to understand and respect our “OIKOS”. Based on this, the particular paper 

focuses on investigating the role of Action Community Programs (ACP) in 

implementing the main pedagogical principles of ESD and SE, through linking 

schools and communities. The data presented in the paper were collected in the course 

of the implementation of a nationwide program in 19 primary and 9 pre-primary 

schools in Cyprus. In more particular, the paper presents parents’ opinions regarding 

their participation in case studies for SD issues in their community with their children 

and their children’s teachers. The paper also investigates how parents’ participation in 

the specific cases studies enhanced their environmental responsibility, and their 

involvement in school life and communication. A total number of 460 parents 

(before) and 230 (after the completion of the case studies) participated in the survey 

by filling in two close-ended questionnaires. The statistical analysis of the data 

revealed the importance of linking schools and communities, since this can lead to the 

establishment of interactive networking between all the members of the local 

community, who can create better conditions of sustainable living in their local 

environment through participatory and collective procedures.  The findings highlight 

the programs’ importance in reorienting SE to ESD and specifically how SE can 

engage students in community SD issues aiming at enhancing responsibility for their 

lives. In addition, the results support the work developed within the CoDeS Network 

(School Community Collaboration for Sustainable Development) in which Cyprus 

participates as a partner. Results have been used to provide exemplary case studies 

that could be used in the framework of international efforts for establishing models of 

effective school and community collaboration in ESD.  

 

Keywords: education for sustainable development, science education, action 

community programs, parental involvement, interactive networks 

 

RATIONAL  

The importance of Science Education (SE) in implementing the aims, goals and 

objectives of Sustainable Development in the educational process was set as a priority 

to various international documents for establishing ESD in the core of educational 

process. The decade of Education for Sustainable Development defined that science 

provides people with ways to understand the world and their role in it. ESD needs to 
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provide a scientific understanding of sustainability together with an understanding of 

the values, principles, and lifestyles that will lead to the transition to sustainable 

development (UNESCO, 2005). Through this perspective, and taking into 

consideration that SE pedagogically can meet the challenges of ESD, it can be argued 

that SE can be reconstructed in a way that can help the students as citizens to 

understand and respect our “OIKOS”. 

Action Community Programs seems to be the “new generation” and the “new 

example” (Breiting, 1993; 1995) for ESD, since they provide the opportunity to all 

those involved (teachers, students, parents, members of the local community) to move 

from the model of “behavior modification” to a model of “action competence” 

(Breiting & Mogensen, 1999). Such a model summarizes participatory action, 

horizontal communication, interaction of school and local environment, action in the 

community, critical thought and personal responsibility for the existing or future local 

problems (Kyburz-Graber, 1999; Robottom, 2004).  

Significant literature explores action community programs (Ballantyne, Fien & 

Packer, 2001; Robottom & Kyburz, 2000), while various research initiatives as 

Jacobson (1995) revealed that parental participation in action community programs: a) 

increase their feeling of “belonging” in the community, b) develop their multilevel 

cooperation amongst members of the community, and c) motivate participants to be 

more actively involved in securing sustainability locally.  

In Cyprus, the educational reform and the on-going changes in the educational system 

of Cyprus are leading to the transition from a marginalised and fragmented approach 

to environmental education to the coordinated and holistic inclusion of ESD in the 

educational policy and vision of all schools (MoEC, 2009).  The emphasis is currently 

placed on the local community and the synergy amongst all the internal and external 

school key actors.  Nonetheless, it is noted that parental involvement in school is 

inadequate as well as insufficient for establishing networking of communication 

amongst teachers, parents and students (Symeou, 2002) not only in the framework of 

ESD, but also more widely in the framework of the whole school operation.  

 

PURPOSE 

This paper presents the results of the implementation of a nationwide program 

regarding Action Community Programs in Cyprus. This program signaled an 

organized effort in Cyprus for designing and implementing programs based on the 

social-critical orientation of ESD. The particular attempt resulted from the need to 

investigate the role of Action Community Programs (ACP) in preschool and primary 

education in Cyprus and attempted to infuse the social-critical character of ESD and 

enhance its role within the educational system.  

Particularly, the program investigated the role of Action Community Programs in 

implementing main pedagogical principles of ESD and SE in school, through linking 

schools and communities. The program was implemented in three discrete phases. 

The first phase lasted two months and involved teachers’ voluntary participation in six 

3-hour in-service courses. These focused on organizing, designing, and applying an 

Action Community Program in each school’s local community. A major part of this 

first phase was for participant teachers to receive specific training on the pedagogical 

approaches and techniques aimed at involving parents in the cases studies and on 

providing guidance for any obstacles they may encounter during implementation. 
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The second phase had duration of six months and included the design and application 

of a separate case study in each school. During this second phase of the program, 

informative meetings with school principals and participant parents were conducted in 

each school with the participation of the program’s trainers. The third phase of the 

program lasted one month and included the presentation of the various projects and 

the dissemination of their results to the local school and community. 

The results presented in the paper are based on the implementation of the program in 

28 schools, namely 19 primary and 9 pre-primary schools. Prerequisite of the 

participating schools was the development and implementation of a case study, as a 

productive pedagogical approach of teaching about sustainability and teaching for 

sustainability (Sprain & Timpson, 2012) and also as an important means for working 

and investigating scientifically.  

The implementation of the program constituted Cyprus’s participation in the 

European Comenius Multilateral Network “Codes” which focused on school and 

community collaboration addressing sustainability. Through the program and its 

results we aimed to provide exemplar case studies that could be used in the 

framework of international efforts for establishing models of effective school and 

community collaboration in ESD, as well as for disseminating evidence for 

elaborating a framework and models of such collaboration from a European 

perspective. 

 

METHODS 

The data presented in the particular paper constitutes the survey data collected from 

parent participants in the 28 participant school. Two questionnaires including close-

ended questions were administered to all participant parents before and after the 

implementation of the programs in the school cases studied.  The questionnaires 

aimed to collect information regarding: a) the degree to which particular case studies 

enhanced parental involvement in school life; b) the communication between parents, 

their children and teachers during the implementation of the case studies; c) the 

environmental responsibility of parents concerning local environmental and SD 

issues; d) the barriers towards parents’ systematic and active involvement into the 

case studies. A total of 460 parents responded to the questionnaire delivered prior to 

the implementation of the projects and 230 upon the projects’ completion.  The 

demanding implementation of the projects which exerted additional pressure on 

teachers’ workload, as well as some parent’s withdrawal and difficulty to respond to 

all foreseen activities, including completing the final questionnaire, resulted in 

receiving back only half of the post-questionnaires. The collected data were analyzed 

in terms of frequencies, percentages, means and standard deviation.   

 

RESULTS 

The analysis of the data which were collected from the parents before and after their 

participation in the case studies showed that even though parents acknowledged that 

environmental problems are important (84.8%), their involvement in the 

environmental initiatives was limited to simple type activities (53.4%), and mainly 

plant trees (32.8%); only 17.8% of parents participated in environmental programs. 

The explanation provided by parents for this was that they lacked time (55.7%), 

whereas approximately one fifth of the parents claimed that they did not receive the 
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appropriate information about community problems (20.4%) and that their community 

did not involve them before in relevant programs like the particular (13%). It’s 

interesting that during their participation in the school-community case study 

programs, parents were more actively involved during the phase of taking action 

(46.8%). 

Through their participation in the case studies parents recognized the role of the 

school (31.9%), the family (31.7%) and the local community (30%) in facing 

environmental issues, while 49% of them considered that the cooperation between 

school, parents and the community might improve the quality of life in the local 

community. Moreover, participant parents claimed that due to their participation in 

the case study programs, they applied practical measures for protecting the 

environment (60.9%) and that they adopted environmental friendly behaviors at their 

own homes (28.8%).  

Before their participation in the school-community case study programs, all parents 

considered that this involvement would help them recognize their children’s potential 

to learn in other places than school (M5=4.13), and that their involvement  would 

enhance the development of a stronger cooperation between school and community 

for the improvement of quality of life in their community (M9=4.05). Comparing 

parents’ initial expectations with their final evaluation of their experience, it appears 

that their expectations did not reach the maximum (M5=3.97, pre; M9=3.70, post). 

These results can be explained taking into consideration the particular content and the 

specific conditions of the school and the community in which the case studies took 

place. Contrary to their initial perceptions about the potential impact of the programs 

on them, at the end of the program parents stated that the programs increased their 

knowledge about environmental issues in general (M1=3.47, pre; M1=3.51, post), as 

well as their sensitization for such issues (M3=3.55, pre; M3=3.70, post). Also, parents 

indicated that the programs affected their understanding as far as the multiple role that 

they can perform in the school (M4=3.58, pre; M3=3.90, post). Finally, most parents 

(70.8%) claimed that they would like to pursue participating again in similar action 

programs in the future.  

 

CONCLUSIONS AND IMPLICATIONS 

The findings of this study reveal the importance of linking schools and communities, 

and how this can lead to the establishment of interactive networking between all the 

members of the local community, who -through participatory and collective 

procedures- can create better conditions of sustainable living in their local 

environment. This is closely related to the sense of belonging to the community, 

which helped the participants to feel ownership and responsibility for solving 

problems in their own community (Zachariou & Symeou, 2008). According to 

Vauchan, Gack., Solorazano, & Ray (2003), as well as Tal (2004), such programs 

which promote interactive activities outdoors, can enhance the feeling of commitment 

for participating in actions which can lead to the improvement of quality of life in the 

community. Action in the community, interaction with the place and others, and 

experimentation in the field were some other important factors that made these 

programs very important for ESD and SE.  

In addition to the enhancement of parents’ knowledge and sensitization on 

environmental issue, it is noteworthy that the program helped them to understand 

more their multiple roles in the school. This finding corresponds to the research 
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findings of Sharan et. al (1999), who similarly  indicate that school programs that take 

place in the community provide the opportunity to parents to participate in various 

activities more than the conventional and standard  used to.  

The research findings reaffirm that Community Action Programs can realize the 

deliberate and emancipatory nature of ESD since through such programs schools, 

students, parents and communities established new roles and operations, such as: 

• Schools operate as social organizations having the responsibility to organize 

specific actions for solving or preventing problems in the local environment. 

• Students are considered as key participants for the development and 

implementation of specific policies for tackling the environmental issues 

under investigation. 

• Students’ parents and the local community are considered as school partners.  

• The local environment constitutes the main target area for the development of 

environmental policy and action (Posch, 1999; Robottom, 2003).  

For SE in particular, the implications of these projects are very significant, because 

such programs can be valuable means for reorienting SE.  Through them schools can 

move from the past dominant frameworks and terminology as a conventional subject, 

to a cross-boundary, interdisciplinary framework which becomes part of the whole in 

a systemic and complementary way which can contribute to the integration of 

sustainable development into school life. Linking school and community SE can 

translate scientific evidence in praxis and engage students in community issues 

making them responsible for their lives. Also, such programs can provide to SE the 

perspective of providing not only to students, but to all participants in the learning 

process, the possibility to have action oriented information/resources on long-term 

environmental issues, especially on whether and how to respond, through practical 

hands-on experiences and activism, which will allow them to see how their own local, 

personal actions can contribute to their local picture (Tytler, 2007; Coffey, 2008). 
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INTRODUCTION 

 

Science curriculum reform has been a topic of interest to researchers since the 

post-Sputnik era which began in the 1960s. The demand for more modern and 

more appropriate curricula emerged as a policy response to the perceived 

technological race between the West and the Soviet bloc. The influence of these 

curriculum developments spread across the globe. More recently, international 

studies such as TIMSS and PISA have encouraged policy-makers to judge the 

performance of their country’s education systems against the rest of the world. 

Countries as diverse as South Korea, Canada and Finland have found themselves 

held up as beacons of excellence in terms of the way they teach science and 

mathematics. 

In parallel to a policy-driven desire to ‘do well’ in international comparisons, 

there has been an increasing focus on giving all students the opportunity to 

encompass the scientific and cultural background that allows them to become 

responsible citizens, capable of understanding and taking action in a world where 

science and technology occupy a predominant role. New science curricula tend to 

focus on scientific problem solving with methods and skills to be acquired and 

attitudes such as critical thinking to be inculcated. Students and future citizens are 

expected to be able to distinguish and recognise science in society, and develop 

skills to be able to utilise scientific theories as a basis for discussion and 

explanations of the science and technological phenomena they meet in their 

everyday lives.  

Research on science teaching, the science curriculum and educational policies has 

attracted the attention of many science educators and researchers during the last 

decades. The field of research presented in this strand explores numerous aspects 

and perspectives. The strand covers a number of topics: curriculum development; 

reform implementation; dissemination and evaluation; international comparison 

studies such as TIMSS and PISA; evaluation of schools and institutions; and, 

local, regional, national, or international issues of policy related to science 

education. 

 

The Strand Papers 

The papers submitted for consideration to this strand are diverse in terms of 

geographical context, subject matter, research methodology and the age of the 

participating students. Some involve case studies of individual institutions, some 

look at Mathematics, Science and Technology in a region or a country, and others 

present cross-national comparisons. Together they provide an insight into the key 

issues facing a number of stakeholders including schools, teachers and policy 

makers. 

Focusing on learners in one particular school, Patrick Löffler and Alexander 

Kauertz, from Germany, report on ‘Applying physics models in context-based 

tasks in physics education’. Their starting point is that little is known about the 

processes of how learners apply physics models to problems in real life situations 

(context-based problems). They set out to investigate which features of the 

context can be used to help students find physics solutions for the problems using 
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think-aloud protocols and a video study of ten 10th grade students from a German 

middle school. The authors found that students tried to link elements from the 

context (‘real world’) and the physics model (‘model world’) with opposite 

effects. 

Fernanda Franzolin and Nelio Bizzo from Brazil present a study entitled ‘Basic 

genetics content in secondary education: Comparing high school teachers’ and 

faculty members’ opinions with the university curriculum’. Their study aimed to 

identify high school teachers’ and university faculty members’ opinions with the 

basic genetics concepts that students finishing secondary education should know 

to become informed citizens capable of critical thought. The study also 

determined whether these concepts are being considered by higher education 

institutions during teacher training. The opinions of faculty members and the 

curricula of the areas that they teach were similar, but in one city there was a 

difference of opinions concerning biotechnology. Such a difference in opinions is 

important for stimulating critical reflection, but these topics should be taught in 

conjunction with other basic principles. 

In ‘Essentials of science – Development, evaluation and transfer into school 

practice of a competence oriented science course’, Cornelia Stiller, Andreas 

Stockey, Stefan Hahn and Matthias Wilde from Germany describe an attempt to 

improve competency in scientific literacy which involved developing, testing and 

evaluating a competence oriented science course for grade 11, with an emphasis 

on self-regulation in experimentation at an experimental school in Germany. The 

success of the intervention depended on several factors, including characteristics 

of the innovation, of teachers and of the environment and supporting activities. In 

this paper, the authors present the main characteristics of the course concept and 

its didactical approach to teaching. They also identify important preconditions in 

the procedure of transfer that effect its successful implementation into general 

school education. The possibility of scaling up the innovation are discussed in the 

light of the research findings. 

James Watters and Clare Christensen, from Australia, present a study entitled 

‘Vocational education in science, technology, engineering and maths (STEM): 

curriculum innovation through industry school partnerships’. The authors report 

the preliminary findings of an attempt to develop two curricula that attempted to 

integrate science and mathematics with workplace knowledge and practices. The 

curricula were co-developed by industry and educational personnel across two 

industry sectors (mining and aerospace) with a view to providing knowledge 

appropriate for students moving from school to the workplace in the respective 

industries. The authors argue that these curricula provide educational 

opportunities for students to pursue their preferred career pathways. Their 

findings highlight the importance of teachers having substantial practical industry 

experience and the role that whole school policies play in attempts to align the 

range of learning experiences with the needs of industry. 

Jan Petr, Iva Stuchlíková and Miroslav Papáček from the Czech Republic, present 

their study, ‘Biology Olympiad as a model for inquiry-based approaches’. The 

authors look at the possible school application of tasks which were originally 

produced for competitions. They found that while teachers can use competition 

activities there are some limits because the tasks are designed for extra-curricular 

use and for gifted youth. 
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A multi-national team from the UK comprising Kathryn Woods-Townsend, 

Andri Christodoulou, Jenny Byrne, Marcus Grace, Janice Griffiths and Willeke 

Rietdijk report on their study ‘Meet the Scientist: the value of short interactions 

between scientists and secondary-aged students’. Twenty scientists from eight 

different professional areas were asked to share their experiences of becoming 

and being a scientist in 20-minute sessions, with groups of 7-8, 13-15 year-old 

students. Pre/post-questionnaires were used to assess students’ views of scientists 

and their work, and scientists’ experiences of interacting with students. The face-

to-face interactions allowed students to view scientists as approachable and 

normal people, and to begin to understand the range of scientific areas and 

careers that exist. The student-scientist interactions were also valuable for the 

scientists, who saw this opportunity as a vehicle for science communication. 

Joana Torres, Sara Moutinho and Clara Vasconcelos, in their paper, ‘Questioning 

in natural science tests and textbooks: A look into the Portuguese curriculum’ 

note that the country’s Natural Science Portuguese Curriculum ‘highlights the 

development of conceptual, reasoning and communicative competences’. Within 

this approach, which ‘favors students’ active engagement and a personal 

construction of knowledge, questioning is considered a powerful tool in the 

learning process’. Using a case study approach of a school in the north of the 

country, the authors examine the nature of questions applied in natural science 

textbooks and natural science tests based on their cognitive level. Despite the 

ambitious curriculum, the ‘number of questions of high cognitive level is low in 

textbooks, as well as in tests, revealing some inconsistences between curriculum 

suggestions and what is really done in science classes’. The authors argue that ‘it 

is important to coordinate curriculum demands with teachers’ knowledge, as well 

as with science textbooks elaboration’. The authors argue that it is necessary to 

improve textbooks ‘by including material and questions consistent with an 

inquiry-based approach’ – an approach which has been heavily promoted in many 

countries in the European Union. 

Although most papers in this section focus on curriculum and pedagogy, Ann 

Mutvei and Jan-Eric Mattsson, from Sweden, examine ‘The impact of 

performance assessment on science education at primary school’. Sweden’s new 

curriculum for primary and secondary schools contains more explicit educational 

targets than before. School science education now has to be linked to the 

students’ own experience. There is a stronger focus on developing students’ 

critical thinking in terms of the ability to review arguments and to argue in 

situations where knowledge of science is important. 

Three colleagues from Spain, Carolina Pipitone, Digna Couso and Neus Sanmartí 

report on their study into ‘Teachers' perspectives regarding a new subject: 

“Science for the contemporary world”’. The authors set out to identify the 

differences between the Implemented Curriculum (IC) as reported by teachers, 

and the Potential Curriculum (PC) according to official documents and science 

education literature. They identified four ways of perceiving the PC, three of 

them in agreement with a competence-based framework while the last one, 

associated with standard teachers, completely distorts the proposed rationale of 

the subject. 

Providing a study of an education system set in an economic crisis, Katerina 

Plakitsi, Anna Spyrtou, Katerina Klonari, Michail Kalogiannakis, George 
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Malandrakis, Pinelopoi Papadopoulou, Euthimios Stamoulis, John Soulios, 

Panagiotis Piliouras and Nikolaos Kolios, from a number of universities in 

Greece, focus on innovations in primary education. In ‘New Greek Science 

Curriculum (NGSC) for primary education: promoting educational innovation 

under hard conditions’ the authors argue that it is important for a country under a 

crisis to have a high quality science education for all students. 

Anastasios Siatras and Panagiotis Koumaras, from Greece, present a paper 

entitled, ‘Exploring the role of the science curriculum towards social justice’. The 

authors present a research model developed in order to analyse: (a) science 

education scholarship related to poverty, social exclusion, scientific literacy for 

all, and pedagogy and (b) science curricula of three different countries, so as to 

identify features that could transform science education to become ‘community 

science’ for all children. The authors examine science education scholarship as 

well as the science curricula using five different levels: 1) Intentions, 2) Content, 

3) Methodology, 4) Assessment, and 5) Support. The analysis identifies features 

that can be used to design a science that may promote social justice and equity. 

Päivi Kinnunen, Jarkko Lampiselkä, Lauri Malmi and Veijo Meisalo, from two 

Finnish universities, present a study entitled ‘Identifying missing types of Nordic 

research in science education’. The authors report on a new way to categorise 

research papers in order to obtain a comprehensive picture of science education 

research and to identify overlooked research topics. Their novel categorisation 

system is based on what they term, the ‘didactic triangle’ which is ‘a theoretical 

model describing the elements of teaching-studying-learning processes’. The 

approach supports meta-level analysis of published papers and the authors argue 

that it can contribute to discussions about the goals and the current state of 

science education research. 

Evidence for the value of cross-country comparisons is provided by Theresa 

Schulte, Yiannis Georgiou, Eleni Kyza and Claus Bolte from institutions in 

Germany and Cyprus. Their study, ‘Students’ and teachers’ perceptions of 

school-based scientific literacy priorities and practice: a cross-cultural 

comparison between Cyprus and Germany’ involved a Delphi approach which 

investigated empirically the extent of any consensus between students and 

teachers, in terms of their assessments of what aspects of science education 

should be prioritised as well as the extent to which these aspects are currently 

practiced. The outcome of this cross-cultural research revealed that, except for 

some minor differences, students and teachers in both countries perceived large 

discrepancies between a desired status and the status quo in science education. 

Stefano Vercellati, Marisa Michelini and Lorenzo Santi from Italy and Dagmara 

Sokolowska and Grzegorz Brzezinka from Poland examined teachers’ and 

students’ views of the curriculum in mathematics, science and technology (MST). 

They surveyed over 8,000 students and almost 1,500 teachers. In their paper, 

‘Investigating MST curriculum experienced by eleven-year-old Polish and Italian 

pupils’, the authors report that despite differences in the curriculum between the 

two countries there is much in common in terms of what happens in the 

classroom. Perhaps disappointingly, they found that there is still ‘more passive 

and traditional teaching, with not much emphasis given to practical work and use 

of other materials than text books’. The assessment strategies are similar ‘with 

huge attention paid to written and oral tests’. The authors speculate about the 
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reasons behind these similarities but more research is needed to fully explain 

them. 

Yun-Ping Ge, Chang-Hung Chung, Len Unsworth, Huey-Por Chang and Kuo-

Hua Wang report on a study entitled ‘What can images tell us? A cross-cultural 

comparison of science textbooks between Australia and Taiwan’. The study was 

designed to compare the images in Taiwanese and Australian high school science 

textbooks. The authors sought to investigate the images according to three 

metafunctions: ideational, interpersonal, and textual. Content analysis was used 

to analyze the sample units of biological classification, which are shared most 

consistently across six textbooks: three from Taiwan and the other three from 

Australia. While on the surface the text-books appear to be similar, closer 

analysis shows that Australian versions use more overt taxonomy which can 

explicitly represent hierarchical relationships of classification among concepts. 

Taiwanese versions use more covert taxonomy which is short of such function. 

The comparison of textual metafunction unfolds the hidden influence of image 

design comes from socio-culture. The results from these three metafunctions all 

confirm there are differences of image design between the science textbooks of 

Taiwanese and Australian. The implications for images teaching are discussed.  

Three papers focus on the EU-funded project SECURE (Science Education 

Curriculum Research). In one, Jessie Best, Meike Willeke and Gesche Pospiech 

describe the project’s implementation in Saxony in Germany. Their research 

focuses on students from 5-13 and their MST teachers and covers three different 

aspects of the curriculum: the intended (represented by the formal written 

curricular documents), the implemented (as perceived by the teachers) and the 

attained (learning experiences of the students as well as experiences in teaching 

of the teachers). The authors used questionnaires and interviews in a quasi-

longitudinal study. In primary school the regular use of many different 

approaches (for example, group work, individual learning, out-of-school 

learning) is very common, whereas in secondary school the variety of approaches 

decreases. As in many countries, in primary education, out-of-school learning is 

considered to be more important. In order to reduce the gap between primary and 

secondary education, the authors argue for more communication between 

schools. 

In a second study on the SECURE project, Dagmara Sokolowska and Barbara 

Rovsek from Poland and Job De Meyere and Wim Peeters from Belgium report 

on research carried out in almost 600 classes which involved around 9,000 

learners and 1,500 teachers. The authors report on learners’ attitudes towards 

MST school subjects and teachers’ attitudes towards teaching and curriculum 

goals. 

The third SECURE paper, ‘Perceptions of teachers and learners about the 

mathematics, science and technology curricula in two European countries’ looks 

at findings from Austria and Cyprus which have very different curricula. 

Veronika Rechberger, Michalis Livitziis, Judith Aldrian, Maria Hadjidemetri, 

Costas Constantinou and Leopold Mathelitsch found that ‘differences in systems 

and curricula seem to effect teachers’ and learners’ perceptions and practice’. 

However, there were many similarities in terms of ‘the perception of teachers and 

learners in relation to the implementation in class’. 
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Perhaps surprisingly, there are relatively few papers which look at data from the 

PISA studies. In ‘Curriculum policy implications of the PISA scientific literacy 

framework’, Harrie Eijkelhof from the Netherlands argues that PISA results 

should be interpreted with care. He also presents examples of implications for 

educational policy in various countries and provides recommendations for future 

international curriculum development. 

Finally, María Isabel Hernández and Roser Pintó, from Spain, report on a study 

entitled ‘How do funded science education projects disseminate their outcomes to 

target audiences? Analysis of the current status and recommendations for more 

effective dissemination’. The authors present an analysis of the dissemination 

strategies used in funded science education projects. The study identifies the 

difficulties and needs of several stakeholders involved in dissemination processes 

including project managers or researchers, science teachers, advisors of policy-

makers, and science communicators. The authors devised two instruments for 

data collection, an online questionnaires and on-line or face-to-face discussion 

events. The paper concludes with an identification of some needs that should be 

taken into account to recommend measures to improve how dissemination is 

planned and carried out. These recommendations are summarised in this paper. 

 

Final Thoughts 

Taken together, these contributions indicate the widespread commitment within 

the ESERA community to researching curriculum and policy using a number of 

methodologies and, increasingly, using aspects of international and comparative 

education. We hope that you enjoy reading these varied papers. 

 

 

 Justin Dillon and Andreas Redfors 
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Abstract: The New Greek Science Curriculum for primary education aims to contribute to 

the current agenda about curriculum reform in Europe. Ιt focuses on improving science 

education as a way of child development for a sustainable society. According to Bologna 

Process, we set the NGSC focusing on the Expected Learning Outcomes (ELO). 

Specifically, the NGSC aims to develop scientific skills, understandings and competences 

both inside educational institutions and in all societal “informal” settings where learning, 

culture and social interactions occur (i.e., museums, science centers, environmental parks, 

families, forest kindergarten). We argue that it is important for a country under a crisis to 

have a high quality of science education for all students. In this paper firstly, we describe the 

innovative characteristics of NGSC and afterwards we present research results concerning 

teacher’s views about these characteristics.   

Keywords: New Greek Science Curriculum, Science Education, Society.  

  

INTRODUCTION  

The NGSC tries to become a balanced open and/or closed curriculum, on comparing the best 

practices of the high scored countries in PISA, and giving emphasis on the relationship 

between formal and informal science education, on the connection of science education to 

society and everyday life, on effective hands on activities we really need, and, finally, on the 

school science textbooks and their role to improve a sustainable society (Whittle & Goel, 

1999; Beyond, 2000; Science Education Now, 2007).   

The New Greek Science Curriculum (NGSC) for primary school was designed by taking 

into account two pillars: (a) the current trends in science, technology, society, and 

environment curriculum development (STSE), and (b) the research and practice tradition in 

science education of the last decades. In respect of the first pillar, the envision of the 

curriculum developing group was making NGSC more consistent with the calls for 

scientifically literacy. In relation to the second pilar, the NGSC is based on the major 

pinpoints and recommendations of science education research. NGSC underpins the issue of 

high quality science education acting not only in formal but also in non-formal cultural 

settings (Plakitsi, 2013).  

                                                           
1
 The NGSC includes topics from Physics, Biology, Chemistry, Geography, Technology and Studies for the 

Environment.  
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THE NEW GREEK SCIENCE CURRICULUM  

Basic characteristics of NGSC 

In their final form, the primary NGSC is organized in two sections. In the first one, 

the rationale and the innovative characteristics of the curriculum are described, in 

addition to the poor Greek students’ achievements on OECD PISA program (OECD, 

2007, 2010; Anagnostopoulou et. al., 2013). The second section is divided into 

thematic topics and subsections for each one of the six Grade levels of primary school 

(Grade 1 to Grade 6). Each of these thematic topics is organized in four-column 

tables
2
, in which the core issues and the ELOs for every topic under study are 

described, accompanied by a number of suggested activities and instructional 

material. The latter, following the guidelines of the Greek Institute of Educational 

Policy (IEP), mainly includes digital material, facilitating their use and dissemination 

into school practice. The core issues and the respective ELO are mandatory in nature, 

meaning that these at least have to be covered by teaching. On the other hand, the 

suggested activities and instructional material are indicative, in the sense that they 

only provide ideas and give examples to teachers for more effective teaching of the 

proposed issues, but they are not obligated to follow the particular ones.  

Table 1 illustrates an example of the NGSC, from Grade 5, on the topic of energy. 

 

Table 1 

Example of NGSC from Grade 5, on the topic of energy. 

Section 3.3: The energy wealth of our country now and in the future  

Indicative time: 2 teaching hours.  

Expected Learning 

Outcomes (ELO) 

Core issues Activities Instructional Material 

Students to be 

capable to collect, 

process and analyze 

information related 

to the energy wealth 

of the our country  

 

 

 

The energy 

wealth of our 

country now and 

in the future:  

- Lignite  

- Oil  

- Sun  

- Wind  

- Waterfalls  

- Waves  

- Geothermic  

- Biomass  

They fill the energy map 

of Greece  

They locate in the map 

the areas in Greece 

where lignite and oil 

deposits are available  

They collect information 

and discuss about the 

advantages of Greece 

regarding the renewable 

energy sources (sun, 

wind, waves, biomass, 

geothermic)  

http://digitalschool.minedu.

gov.gr/modules/document/f

ile.php/DSGL101/Διδακτικ

ό%20Πακέτο/Βιβλίο%20Μ

αθητή/Kefalaio_1.pdf  

In pages 18, 28 and 35 you 

can find information about 

the deposits of oil, lignite, 

and renewable energy 

sources in Greece  

http://www.youtube.com/w

atch?v=coWQ1R2r5MY   

Educational film titled: 

«The journey of electric 

energy».  
 

 

 

                                                 
2
 It should be noted that the particular organization within sections (the tables) was among the 

guidelines of the Greek Institute of Educational Policy (IEP). 
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In addition to the NGSC, a teacher’s guide was also developed constituted by:  

(i) further elaboration of the innovative characteristics of each thematic section,  

(ii) outlines about the new teacher’s role and profile, and  

(iii) nine indicative teaching scenarios, which implement in detail the principles and 

methods of specific NGSC topics.  

 

Innovative characteristics of NGSC 

We realize six innovative characteristics of NGSC (Figure 1). More specifically, it 

advocates the mutual and fertile relationship between Science and Technology, 

putting emphasis on the development of technical and inquiry skills (School Science 

& Technology). For instance, ‘students are encouraged to describe the problem or 

needs, to formulate hypothesis or ideas, to choose a hypothesis or idea and to test it, to 

experiment or construct a technological apparatus’ (NGSC, p. 8). 

Moreover the NGSC promotes the opening to learning communities beyond the 

traditional boundaries of the typical school environment, which provide multiple 

learning contexts necessary for the development of students’ scientific and 

technological literacy (Linking School with Society).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHODOLOGY 

Research question 

Based on the above, the basic research question that guided our study is the following: 

- Which are teachers' views about the innovative characteristics of NGSC? 

 

 

Figure 1. Six Innovative Characteristics of NGSC 
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Procedure 

The NGSC was implemented for pilot-testing during the 2011-12 school year into 99 

schools with approximately 1200 teachers throughout Greece. Although, on a 

personal level, teachers’ participation to the pilot testing of NGSC was on a voluntary 

basis, the central planning and organization of teachers’ education and NGSC pilot 

testing was run by Institute of Education Policy (IEP) and Ministry of Education. 

However, this central coordination was characterized by severe omissions. For 

instance, at the beginning of the school year, the teachers of pilot schools had no clear 

idea of what they have to do.  

A curriculum advisor visited each pilot school, supporting teachers in multiple levels 

and assessed the progress of NGSC implementation. All authors, who were also 

members of the curriculum development group, were acting, along with others, as 

curriculum advisors of schools, of school advisors and of teachers. Furthermore, a 

report was prepared by the advisors for every school about the actual level of NGSC 

implementation, mainly based on teachers’ semi-structured interviews. These reports 

are the main data set for testing our first research question.  

 

Data sources  

Data used in the particular study retrieved from 28 reports –corresponding to 28 

schools and 78 primary teachers- of curriculum advisors who visited pilot schools at 

the end of year-1 pilot implementation (spring 2012). These reports were based on 

one-to-one semi-structured interviews with teachers implementing NGSC. The 

interview questions were pre-defined by IEP and were in accordance with the goals 

and objectives of the NGSC. They were organized in four categories, each one 

containing 2-4 questions. An example from each of these groups of interview 

questions is presented in Table 2.  

  

Table 2 

Examples of semi-structure interview questions exploring teachers’ views about the 

characteristics of NGSC during its pilot implementation 

Category 1: Content of NGSC  

In which extent teachers think that there is coherence and correspondence among the 

ELOs and the activities and teaching material suggested by NGSC and teacher’s guide?  

Category 2: Implementation of Multiple Teaching Methods  

In which extent teachers believe that the implementation of multiple teaching methods is 

necessary for the achievement of ELOs?  

Category 3: Use of ICTs and Other Teaching Materials  

In which extent teacher believe that there is a need for multiple educational materials and 

ICT use for the achievement of ELOs?  

Category 4: Students’ Evaluation  

In which extent the NGSC helped teachers to adopt an alternative students’ evaluation 

model which will be integral part of the learning process  
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Data analysis 

Curriculum advisors’ reports were analyzed according to the process of qualitative 

content analysis (Cohen, Manion & Morrison, 2007). As a unit of analysis was 

defined each sentence or phrase in the reports referring to teachers’ considerations 

about the NGSC characteristics. In a first step, the following dichotomous coding 

scheme was used to characterize each of these considerations: 

(a) Positive consideration: when it was linked with a positive view on a NGSC 

characteristic, for example, “NGSC really enhances students’ involvement in inquiry 

activities”. 

(b) Critical consideration: when phrases exhibited reservations/difficulties or 

described prerequisites needed for the successful implementation of the particular 

characteristic. For example, “Parents are unprepared to support the use of multiple 

sources”, “More time should be allocated for implementing inquiry activities”. 

 

RESULTS 

Teachers’ views 

Teachers’ views on the six innovative characteristics of NGSC concerning the 

application of primary Physics, Chemistry, Biology, Environment and Geography are 

summarized in Table 3. Clearly, three of the NGSC characteristics, seem to be most 

appreciated most by teachers, as gained the majority of their positive comments (i-iii). 

   

Table 3 

Teachers’ views about the six innovative characteristics of NGSC 

Characteristics of NGSC 
Positive 

considerations 

Critical 

considerations 

i. Multi-data sources 74 30 

ii. Conscious involvement in inquiry activities 44 8 

iii. Linking school with society 39 10 

iv. Diverse involvement in inquiry activities 16 13 

v. Historical sense & aesthetic view on science & 

technology 

2  

vi. School science & technology 2 4 

 

A critical outcome is that multi-data sources got the largest number of positive as well 

as of critical considerations. A potential explanation for this, seemingly contradictive 

finding, could be that although Greek teachers are willing to further enrich their 

teaching methods with multiple data sources, they still have a strong reservation about 

the way it could be achieved, mainly due to the severe economic crises that the 

country faces. As a result, encouraging comments like ‘[using other data sources]... 

lesson becomes more interesting, attractive, and innovative, so more productive for 

students” strengthen the need to abandon the one, nationwide school textbook, are 

often followed by hints like “...multiple data sources require adequate equipment e.g., 

computers, labs, libraries’.  

Concerning the second as well as the third NGSC characteristic, we realized that 

primary teachers seem willing to adopt them in their teaching, ascribing to them 
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adjectives such as ‘useful’, ‘interesting’, ‘unprecedented’ etc. For instance, in the core 

issue of the reproductive system, a teacher enthusiastically notes: ‘I found it fine 

[Linking School with Society]. Thus, in order to teach the human reproductive system 

I brought in the classroom a specialized doctor and a pregnant mother. They 

discussed with students issues like the health of the pregnant and the twin pregnancy. 

It was an innovative and interesting experience’.  

The fourth characteristic (Diverse Involvement in Inquiry Activities), either gains 

contradictive comments or lacks these at all. Some primary teachers claim that they 

already implement varied methods of teaching into their daily practice, taking into 

account their students’ diversity, while others underpin the special difficulty for 

implementing it, e.g., ‘It is very difficult to implement it. More time and effort is 

needed, so I prefer the use of the school textbook’.  

The lack of comments regarding the last two characteristics could be possibly 

perceived as a lack of awareness or interest on behalf of the teachers on these issues. 

However, such unfamiliarity is a common finding; teachers’ professional 

development for teaching aspects of history and nature of technology and science is a 

complex and difficult process (Jones & Moreland, 2004; Akerson et al., 2011). 

 

DISCUSSION 

In this study we focus on a special education event in Greece: the introduction of 

NGSC during the period of financial crisis. We see this curriculum reform as a deep 

political action, trying to develop next generations’ literacy in science for a 

sustainable society.  In the first part of paper, we mapped the initial impressions of 

primary teachers about NGSC. It was ascertained that despite the severe 

organizational and structural problems at the beginning of the pilot implementation, 

teachers finally managed to engaged in their daily practice, even though in variant 

degree, the characteristics of NGSC.  

Multi-data sources seem to be the most prominent among the innovative 

characteristics of NGSC. This is in line with the related literature where “the issue of 

resources may be considered as a subset of curriculum, but it assumes such 

importance for elementary school teachers in science that special consideration is 

necessary” (Appleton 2005, p.43). Nonetheless, this characteristic seems to be 

considered as the most associated with the financial crisis.  

Furthermore, it was ascertained that beyond the tough financial situation, two main 

parameters of STSE education, the historical sense and aesthetic view on science and 

technology as well as the interrelation of science with technology are unfamiliar for 

primary teachers. This finding is in the heart of the related research on teachers’ 

development of science pedagogical content knowledge (Park et al., 2011). We think 

that these two characteristics need more attention and discussion concerning their 

educational importance in teacher training programs. Nowadays, the ultimate goal of 

science education in Greece is to instill into teachers the appreciation for science and 

technology as an important cultural and intellectual process, embedded in complex 

and financially indebted societies; an achievement that may increase the number of 

new Greek scientists and technologists, contributing, in a long-term perspective, to the 

recovery of the Greek economy and society.  
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According to the general statistics provided by the IEP, the NGSC was very well 

receipted and often in an enthusiastic way by schools. More reliable conclusions 

could be provided from a possible expansion of the pilot implementation to more 

schools and for more time, given that training seminars and support to teachers would 

be continued. In any case, changes in education succeed, when we focus on people, 

both students and teachers, and giving them space for initiatives.  
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CURRICULUM TOWARDS SOCIAL JUSTICE 
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Abstract: In this paper we present a research model we have developed in order to 

analyze: (a) science education scholarship related to poverty, social exclusion, 

scientific literacy for all, and pedagogy and (b) science curricula of three different 

countries, so as to identify features that could transform science education to 

‘community science’ for all children. Both science education scholarship as well as 

the science curricula will be analyzed using five different levels: 1) Intentions, 2) 

Content, 3) Methodology, 4) Assessment, and 5) Support. The analysis aims to 

identify features that can be used to design a science curriculum towards the 

development of science education that promotes social justice and equity. In this 

paper we present the preliminary results only for Level 2: Content which includes an 

analysis of teaching objectives related to the science content, the Nature of Science 

(NOS), scientific methodology as well as the socio-scientific issues. 

Keywords: Science curriculum; science education; social exclusion; social justice 

 

INTRODUCTION 

Many scientists support the idea that science reflects an objective and indisputable 

knowledge without the implication of any sociopolitical values (see Poincaré 

1920/1958, p.12, MacIntyre 1981, p.80). From this perspective, science teaching may 

often be based on teaching children amassed science concepts. With this view of 

science, it could be argued that the success or failure of students in learning science 

would depend entirely on their mental abilities regardless of the features of the 

science curriculum which are related to the social and cultural milieu of children 

(Brickhouse 1994, p.401). However, following the discourse in 1860s and 1890s 

about the content that should be included in science curricula in the United Kingdom 

and the United States of America respectively (see Layton 1968, Lord Wrottesley 

1860, Spencer 1891), the importance of science curriculum in (de)constructing social 

exclusion through science education has increasingly captured the interest of science 

educators and curriculum scholars. Hodson and Prophet (1994) describe how teaching 

the ‘science of everyday life’ was rejected by the educational leaders of the late 

nineteenth century because of its success in the education of working-class children. 

Indeed, Lord Wrottesley (1860) notes in his book Thoughts on Government and 

Legislation an incident that took place in a classroom where the science teaching was 

focused on teaching ‘science of everyday things’: 

At a recent examination of the children of one of these schools the question was asked, whether 

there was any one present who could explain the principle of a pump? Several hands of both 

male and female pupils were immediately raised in token of assent, and a pupil was selected to 

answer: presently was heard the sound of crutches of the paved floor, and a poor boy hobbled 

forth to give a reply; he was lame and humpbacked, and his wan emaciated face told only too 

clearly the tale of poverty and its consequences, unwholesome and scanty diet in early years; but 

he gave forthwith so lucid and intelligent a reply to the question put to him, that there arose a 
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feeling of admiration for the child’s talents combined with a sense of shame that more 

information should be sometimes found in some of the lowest of our lower classes on matters of 

general interest than in those far above them in worldly station (p.192). 

Successful science teaching but to the wrong student population, according to Hodson 

and Prophet (1994), led to the development of teaching of pure science which 

promoted science curricula based on teaching an abstract conceptual content that 

excluded working-class children from learning science. Science curricula became 

more compatible to the expectations of upper-class education which could afford – 

literally moneywise and metaphorically timewise – to acquire the knowledge of ‘pure 

science’. As a result teaching and learning science within the school environment 

became an important cultural aspect only for a few who could actually afford their 

own education. In other words, schooling and scientific knowledge – which was 

communicated through education – were structured based more on the notion of 

upper/lower social classes (Hodson 1987). The goal was to ensure the superiority of 

upper-class groups in order to protect the national happiness of the society (see Lord 

Wrottesley 1857 cited in Layton 1968, p.241; Lord Wrottesley 1860, p.28). Lord 

Wrottesley (1860) acknowledged and was intimidated by the fact that, unless science 

education was not focused on teaching abstract content, then all children would be 

able to acquire science knowledge and thus disturbing the ‘natural order’ of the 

society. In his own words: “it would be an unwholesome and vicious state of society 

in which [the working-class children] should be generally superior in intellectual 

attainments to those above them in station” (pp.204-205). 

 

THEORETICAL BACKGROUND 

Research in the field of science education has shown that science learning is related to 

the social, economic, and cultural status of children. In other words, students who face 

inequalities in their daily life such as social exclusion or poverty have less 

opportunities to learn science (see Aikenhead, 2006; Avalos, 1992; Bencze, 2000; 

Bencze and Carter, 2011; Brickhouse and Kittleson, 2006; Calabrese-Barton, 1998a; 

1998b; Tsiakalos, 2003). 

The 2006 Programme for International Student Assessment (PISA) researched the 

relation of the economic, social and cultural status (from now on ESCS index) of 

students with regard to their performance in science (OECD, 2007). Figure 1 shows 

the relation between the performance in science (vertical axis) and the ESCS index 

(horizontal axis) of students from countries that participated in the 2006 PISA 

research. 

Figure 1: Relation between the performance in science and the ESCS index 
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The countries located in the first quadrant of Figure 1 achieve high performance in 

science independently of students’ ESCS index (e.g. Finland, Hong-Kong, Japan). 

Thus, the argument that high performance of most students is associated 

with low curriculum requirements (e.g. teaching less science content to students) takes 

a significant hit. Students in countries which are in the second quadrant have high 

performance in science as well. However, in this quadrant performance depends on 

students’ ESCS index (e.g. New Zealand, Germany, Belgium). The more 

advantageous the socio-economic background of students is, the better they perform 

in science. On the other hand, students from countries which belong to the third 

quadrant get low performance in science while at the same time performance is 

related to their socio-economic background (e.g. France, Greece, Bulgaria). In the 

fourth quadrant, students perform in science below the overall average, but students’ 

failure in science isn’t related to their socio-economic background (e.g. Iceland, 

Norway, Italy). 

In this paper we try to answer the following research questions: 

1. Which are the features that are proposed by the scholarship in science 

education related to poverty, social exclusion, scientific literacy for all, and 

pedagogy for the development of a science curriculum that addresses all 

children equally, attempts to mitigate the problems of socio-economic inequity 

and propels social justice? 

2. Can features of science curricula be traced – and if yes, which are these? – in 

countries that: a) accomplished high performance in the 2006 PISA regardless 

of the ESCS index, b) marked high performance attributed to the ESCS index, 

and c) displayed low performance which again was linked to the socio-

economic milieu of students? In other words, the research zooms in finding 

evidence in the science curricula that explains the correlation between the 

ESCS index and the success or/and failure in science in the 2006 PISA. 

3. Combining the findings from the analysis of science curricula (research 

question 2) and the scholarship (research question 1), can we propose features 

that should be included in the science curriculum in order to combat social 

exclusion in/through/by science education?  

METHOD 
To answer the previous three research questions, we have developed a research model 

called SCAN (Scholarship and Curriculum ANalysis) which is presented in Figure 2. 

 

Figure 2: Scholarship & Curriculum Analysis 
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The SCAN model includes four stages. 

 Stage 1: We classify science education scholarship in order to highlight features 

proposed by researchers internationally that contribute to improving teaching and 

learning science for all students. The classification of features ensued from using 

the ICMAS (Intentions, Content, Methodology, Assessment, and Support) 

research tool which was developed by our research group (see Karidas and 

Koumaras, 2001). We focus our research on the broader context of science 

education scholarship related to poverty, social exclusion, scientific literacy for 

all, and pedagogy. 

 Stage 2: We use the ICMAS research tool to analyze science curricula of different 

countries which are taken from the three quadrants of Figure 1. In this stage we 

aim to find out: (1) whether there are any particular features in the science 

curricula under analysis from the first quadrant of Figure 1 which validate the 

dismantling of social exclusion. And secondly (2) we are interested in any 

particular features of the analyzed curricula of countries in the second and third 

quadrants of Figure 1 that reproduces social exclusion in learning science. In 

other words, we try to outline features that should be included or not in the 

development of the science curriculum. 

 Stage 3: We compare and contrast the findings of the analyses of the previous 

two stages. Particularly, we compare and contrast the findings from analyzing the 

scholarship (research question 1) with the findings of the analysis of three 

different national curricula (research question 2). Through this path, we could 

either contribute to the science education scholarship (by highlighting features 

from the curriculum analysis that the scholarship hasn’t brought to attention thus 

far) or verify partially/totally the features which are proposed by it.  

 Stage 4: In stage four we present the features that can be used to design a science 

curriculum towards the development of science education that promotes social 

justice and equity.  

The ICMAS, which is part of the SCAN model, is a research tool for analyzing 

science curricula (see Figure 3). 

 

Figure 3: ICMAS research tool 
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The ICMAS research tool focuses on five different levels in analyzing the science 

curriculum.  

Level 1: We examine the pedagogical intentions of science curricula. In other words, 

we analyze the general principals and aims of science education that are stated within 

the science curricula. 

Level 2: We focus on the teaching objectives which are included in the science 

curriculum. The teaching objectives are classified and analyzed in four different sub-

levels: a) science content, b) Nature of Science (NOS), c) scientific methodology, and 

d) socio-scientific issues. 

Level 3: We analyze the organisational matters of science teaching such as the context 

in which science content is extended as well as the teaching practices which are 

proposed in science curricula. 

Level 4: We focus on the assessment proposed within science curricula by analyzing 

the goals of the assessment in science and the assessment techniques.  

Level 5: Finally, we try to locate features in science curricula that support science 

teaching and learning for all students. The focal point is to identify features that are 

related to social justice and equity by guaranteeing equal access to all students as part 

of their high quality science education. 

 

PRELIMINARY RESULTS 

Due to the limited space in this paper, we decided to present some preliminary results 

of our study in order to clarify the function of the SCAN research model.
1
 Here, we 

present the analysis of the scholarship in science education as well as the analysis of 

three national science curricula for primary education (grades 5 and 6) only for Level 

2: Content – science teaching objectives of the ICMAS research tool (see Figure 3). 

We chose to focus our analysis on science curricula for grades 5 and 6 due to our 

work experience which comes from primary education as well as define a detailed 

starting point for a broader research in that field. We support the idea that the results 

of our research can be associated to the PISA data despite the fact that the PISA 

testing takes place at the end of the compulsory education because of a consistent and 

coherent development and linkage of science curricula that begins in primary 

education and continues till early secondary. The three countries chosen for 

curriculum analysis were taken from the three groups (quadrants 1, 2, 3) of the 2006 

PISA research (see Figure 1). 

Analyzing science education scholarship (Level 2: Content) 

By analyzing our fields of interest of the science education scholarship related to 

poverty, social exclusion, scientific literacy for all, and pedagogy, we highlighted four 

pillars on which a science curriculum should be elevated (in this level) in order to 

guarantee children’s equal absorption of the public and social wealth offered by 

science education. The first pillar is about providing students with an adequate and 

coherent science content which takes into account the broader context of democratic 

and humanitarian purposes of education and is fully linked to their daily life (e.g. 

Aikenhead, 2006; Brickhouse, 1994; Brickhouse and Kittleson, 2006; Calabrese-

Barton, 1998; DeBoer, 2000; Dewey, 1910; Feynman, Leighton, and Hutchings, 

1986; Hodson, 2011; Quicke, 2001; Reid and Hodson, 1987; Tate, 2001). The second 
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pillar supports teaching the Nature of Science (NOS). Science curricula should 

highlight the social construction of scientific knowledge as science is a social 

outcome of the continuing changes of our society and so knowledge can change over 

time in the light of new evidence. In light of this, students should regard themselves 

not only as consumers of scientific knowledge, but also as generators of knowledge in 

order to bring structural changes towards a democratic and humanist society based on 

their socio-cultural background (Abd-El-Khalick, Bell and Lederman, 1998; Abd-El-

Khalick and Lederman, 2000; Bell, 2009; Calabrese-Barton, 1998; Costa, 1995; 

Harding, 1986; Longino, 1990; Osbrne, Collins, Ratcliffe, Millar and Duschl, 2003). 

The third pillar sustains the teaching of scientific methodology through which 

students will be able not only to follow given instructions to solve science problems, 

but collect and evaluate information or data, develop scientific attitude and respond 

critically to familiar or unfamiliar situations in their everyday life as well (Bell, Toti, 

McNall and Tai, 2004; Dewey, 1910; Harlen, 2001; Harlen and Elstgeest, 1992). The 

fourth pillar maintains the engagement of students in sociopolitical action. On one 

hand, the science curriculum should include characteristics that guarantee the 

acquisition of scientific knowledge and competencies by all children in order that they 

be able to make informed decisions about socio-scientific issues. On the other hand, 

the science curriculum should ensure opportunities to all students to intervene in the 

structure of society by assuring that social rights such as the equal absorption of the 

public and social wealth, collective activism and democratic and humanist structure of 

society will be accessed by all students and not tuned to the needs of the dominant 

social or economic groups (Bazzul, 2012; Bencze, 2010; Bencze and Carter, 2011; 

Chen and Novick, 1984; Freire, 2005; Hodson, 2011; Tate 2001; Tsiakalos 2003). 

Analysis of science curricula (Level 2: Content) 

The Finnish science curriculum
2
 (first quadrant) 

Sub-level: Science content (C1) 

The Finnish science curriculum notes that the teaching of science content should not 

be limited to simply providing information concerning abstract science concepts, but 

linking scientific knowledge with students’ everyday life-worlds. For example, 

students should acquire essential knowledge about the human body and its function. 

However, that kind of knowledge is not to be narrowed down to teaching the way 

particular human organs function or describing in detail the human anatomy of parts 

of the heart, eye, and tooth. On the contrary, knowledge about the human body is 

expanded towards protection of, and respect for the human body, outlining factors that 

either help or hinder growth and development, and exploring individual differences in 

sexuality, etc. In other words, science teaching objectives must form a bridge between 

scientific knowledge and broader socio-scientific issues as well as everyday life. 

Sub-level: Nature of Science (C2) 

NOS teaching objectives provide opportunities for students to understand science as a 

result of human creativity and imagination. The Finnish science curriculum includes 

objectives which focus on highlighting the relationship between science and the social 

and cultural identity of the students. For example, the science curriculum includes 

objectives related to how the human activity has caused changes in society as well as 

to know how to recognize features of their own and foreign cultures that define the 

human life in different environments. This way, students have the opportunity to 

identify science as part of their everyday life-world. 
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Sub-level: Scientific methodology (C3) 

The Finnish science curriculum provides science teaching objectives which refer to 

how students will develop competencies such as observing, measuring and searching 

for information or data on science-related issues and evaluating the reliability of that 

information and data. Moreover, the science curriculum includes objectives which 

provide students with the opportunity to apply those scientific practices in their daily 

life. 

Sub-level: Engaging students in socio-political action (C4) 

The science curriculum includes objectives which focus on motivating students to 

become responsible, participatory and justice-oriented citizens who act collectively to 

confront socio-scientific issues. For instance, students are expected to recognize 

factors that threaten safety in their immediate environment and act towards the 

protection of that environment. In other words, objectives focus on encouraging 

students to act in the direction of the construction of a social and natural environment 

that fosters the wellbeing of the community. 

The New Zealand science curriculum
3 
(second quadrant) 

Sub-level: Science content (C1) 

Analysis shows that teaching objectives here highlight the meaning of a science 

content which refers primarily to students’ needs within the school context and 

secondarily to students’ everyday life outside the school environment. To a great 

extend the science content focuses on the so-called ‘academic context’ of science and 

only in few cases does it bridge the science content with students’ everyday life. For 

example, students are expected to know how to investigate and classify the living 

world at a microscopic level (e.g. protists, plant, and animal cells) or to acquire 

knowledge of how carbon is transferred through an ecosystem, when they draw 

labeled diagram showing the components of the carbon cycle. It should be noted that 

the science content is primarily linked to students’ everyday life concerning 

environmental issues as one part of the socio-scientific issues (e.g. nature protection) 

and not to other social aspects of socio-scientific issues that students deal with in their 

daily life. 

Sub-level: Nature of Science (C2) 

The New Zealand science curriculum brings forth a multicultural awareness about 

scientific issues by focusing on the importance of indigenous knowledge concerning 

nature, plants and the environment. Objectives provide students the opportunity to 

perceive scientific knowledge as an outcome of the relationship of science with 

technology and everyday life. The science curriculum includes objectives that 

motivate students to investigate and describe the diversity of scientific thought based 

on many social, ethical, and moral considerations. Thus, teaching objectives about 

NOS aims to emphasize how science knowledge is intertwined with technology and 

society.  

Sub-level: Scientific methodology (C3) 

Objectives in this sub-level refer to students acquiring competencies in using tools to 

make observations and qualitative and quantitative measurements, record their 

observations systematically and identify information using Information and 

Communication Technologies (ICT), collect and analyze data and communicate the 

results of their research to other students. However, analysis shows that the scientific 
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methodology is focused on addressing science curriculum requirements and is not 

valued outside the school context. 

Sub-level: Engaging students in socio-political action (C4) 

The New Zealand science curriculum includes objectives that refer to the preparation 

of future citizens who are sensitive to environmental issues. Objectives focus on 

motivating students concerning environmental aspects of socio-scientific issues such 

as the protection of the natural environment and the human interaction with nature. 

On one hand, students are expected to apply their knowledge of chemical and physical 

properties of substances to investigate their safe and appropriate use in the home and 

the community (e.g. swimming pool chemicals, cleaners, fuels). On the other hand, 

the science curriculum does not provide opportunities to students to act on the basis of 

socio-scientific issues in order to protect their own society. 

Greek science curriculum
4 
(third quadrant) 

Sub-level: Science content (C1) 

The Greek science curriculum includes science content which focuses on teaching 

students the microcosm (structure of matter) and abstract science concepts; that kind 

of science knowledge is not only difficult to acquire for students in primary education, 

but also it is not related to the students’ daily life. Even in the case of everyday 

phenomena, the science curriculum provides academic definitions which students 

ought to memorize. For example, students in grade 5 (eleven-year-olds) should be 

able to describe the molecular motion in the three states of matter and based on that 

description they should interpret the different behavior of solids, liquids, and gases. 

Moreover, students are taught in detail the human anatomy; which means that they 

should able to name all the parts of the heart, eye, ear, and tooth, however they are not 

taught issues of hygiene, or issues related to the prevention of diseases, etc. 

Sub-level: Nature of Science (C2) 

The Greek science curriculum does not provide explicit objectives related to NOS 

issues. 

Sub-level: Scientific methodology (C3) 

The science curriculum includes teaching objectives concerning scientific 

methodology in a theoretical content. Students are expected to learn how scientists 

find, collect, organize, analyze, transform and communicate information and data, but 

are not taught how to apply these competencies in their own research. In particular, 

students learn to follow given instructions in order to solve problems assigned in the 

science courses. The science curriculum does not provide objectives in this sub-level 

which could make students able to use scientific competencies in every aspect of their 

daily life. 

Sub-level: Engaging students in socio-political action (C4) 

Analysis of the objectives in this sub-level shows that the science curriculum draws 

attention to abstract science content. For example, in the unit ‘Infectious Diseases’ the 

sixth-grade science curriculum, instead of placing emphasis on the protection against 

infectious diseases (e.g. regular hand-washing to reduce chances of bacteria 

transportation, etc), describes concepts such as microorganisms, the content of 

vaccines or components of drugs, presenting wider social issues in terms of absolute 

and specific ‘academic knowledge’ – a ‘non-real’ world for students. Moreover, in the 
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unit ‘Environmental Education’ objectives focus on teaching specific matter-of-fact 

knowledge concerning the description of the carbon dioxide (e.g. students should be 

aweare of the chemical formulas) and not on motivating students to take action to 

protect the environment (e.g. by recycling, using public transport, etc).  

 

COMPARING/CONTRASTING SCHOLARSHIP & CURRICULA  

The analysis of science education scholarship shows that fostering equal participation 

of all students in science courses presupposes a curriculum which values the socio-

cultural background that students bring to school. The analysis of the Finnish science 

curriculum shows that the curriculum places importance in relating science education 

to students’ everyday life, building a good and safe social and natural environment. 

The New Zealand science curriculum attempts to prepare students to understand 

science and its relation to technology and acquire scientific competencies in order to 

make sense of the way the natural and material world functions. However, that 

knowledge seems to address the needs of students who come from a privileged socio-

economic background. It should be noted that science teaching objectives are aligned 

with the pedagogical intentions
5
 stated in the science curriculum which support the 

idea of designing science education for talented students and thus ensuring the 

existence of a future scientific community. The Greek science curriculum focuses on 

teaching a science content which prepares students to address the requirements of 

science courses and not students’ needs outside the school context. In other words, the 

Greek science curriculum mostly prepares students for the next school year, but not 

for the real deal of everyday-life issues. Science teaching objectives refer to the so-

called ‘academic world’ of science which means science knowledge which is 

‘decontextualized’ from the broader social and cultural context of students. 

Features for designing a science curriculum towards social justice 

The comparative analysis of the science education scholarship and the science 

curricula highlights some features for Level 2: Content – science teaching objectives 

which can be used in designing a science curriculum to guarantee students’ equal 

absorption of the social wealth given through science education. Hindering that equal 

absorption of the social wealth in the field of science education deprives students of 

accessing the social decision-making structures related to socio-scientific issues 

(Hodson, 2011; Tsiakalos, 2003). Hindering, also means promoting 

passive participation of students in science courses due to the great gap between 

the ‘academic world’ of science and students’ everyday life. It can also mean a 

science curriculum which reproduces specific knowledge that is not important outside 

the school context and appeals only to a small group of students coming from a 

privileged socio-economic background who can acquire it through a supportive 

surrounding network (e.g. family that can afford afterschool private lessons, etc). 

Moreover, hindering means an exclusive orientation of science education toward 

teaching science content without paying attention to other aspects of science 

education such as the Nature of Science, scientific methodology and the socio-

scientific issues. In other words, we support the idea that blocking the equal 

absorption of social wealth of science education means incomplete science education 

and failing to prepare students to deal with problems that they will encounter in their 

lives. Therefore, if we are to guarantee equal absorption of the social wealth offered 

by science education to all students, we must design a science curriculum that values 

their socio-cultural background in science teaching. The inclusion of the socio-
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cultural background in the science curriculum is likely the factor that will help 

students challenge the traditional image of science in which science teaching focuses 

solely on memorization of data, concepts, principles and abstract applications of 

science. It is not enough to simply teach the same scientific concepts to all students, 

rather the science curriculum has to bridge effectively science and students’ everyday 

life. 

 

CONCLUSION 

In this paper we presented a research model we have developed in order to analyze 

science education scholarship as well as three different national science curricula. We 

aimed to identify features that could aid in the fight against social exclusion through 

science education. Due to the limited space in the paper, we presented preliminary 

results of our research only for Level 2: Content – science teaching objectives of the 

ICMAS research tool and tried to clarify the function of the SCAN research model. 

Results of our research show that through SCAN we can identify features for 

designing a science curriculum towards social justice and equity. 

 

NOTES 

1. The main goal of the paper is to present the SCAN research model. In our next 

paper we will thoroughly present the results of the scholarship and curriculum 

analysis. 

2. Finnish National Board of Education (2004). Core Curriculum for Basic Education 

2004. Vammala: Vammalan Kirjapaino Oy. 

3. Ministry of Education (1993). Science in the New Zealand Curriculum. Learning 

Media Wellington. This science curriculum was in place during the 2006 PISA 

testing. 

4. Ministry of National Education and Religious Affairs. (2003). Science curriculum 

for the fifth and sixth grade of elementary school. Retrieved August 29, 2008 from 

http://www.pi-schools.gr [in Greek] 

5. Due to the limited space, we have not included in this paper the analysis of the 

pedagogical intentions of the science curricula. The analysis of the pedagogical 

intentions will be presented in our next paper. 

 

REFERENCES 

Abd-El-Khalick, F., and Lederman, N.G. (2000). Improving science teachers’ 

conceptions of the nature of science: A critical review of the literature. 

International Journal of Science Education, 22(7), 665–701. 

Abd-El-Khalick, F., Bell, R.L., and Lederman, N.G. (1998). The nature of science and 

The nature of science and instructional practice: Making the unnatural natural. 

Science Education, 82(4), 417- 436. 

Aikenhead, G. (2006). Science education for everyday life: Evidence-based practice. 

New York: Teachers College Press. 

Strand 10 Science curriculum and educational policy

1767



 

 

Avalos, B. (1992). Education for the poor: Quality or relevance? British Journal of 

Sociology of Education, 13(4), 419-436. 

Bazzul, J. (2012). Neoliberal ideology, global capitalism, and science education: 

Engaging the question of subjectivity. Cultural Studies of Science Education. 

Advance online publication. doi: 10.1007/s11422-012-9413-3 

Bell, R.L. (2009). Teaching the nature of science: Three critical questions (Best 

Practices in Science Education Monograph). Carmel, CA: National Geographic 

School Publishing. 

Bell, R.L., Toti, D., McNall, R.L., and Tai, R.L. (2004). Beliefs into action: Beginning 

teachers’ implementation of nature of science instruction. A paper presented at 

the Annual Meeting of the Association for the Education of Teachers in 

Science, Nashville, TN. 

Bencze, J.L. (2010). Exposing and deposing hyper -economized school science. 

Cultural Studies of Science Education, 5(2), 293-303. 

Bencze, J.L. (2000). Democratic constructivist science education: Enabling egalitarian 

literacy and self-actualization. Journal of Curriculum Studies, 32(6), 847-865. 

Bencze, J.L., and Carter, L. (2011). Globalizing students acting for the common good. 

Journal of Research in Science Teaching, 48(6), 648–669. 

Brickhouse, Ν. (1994). Bringing in the outsiders: Reshaping the sciences of the future. 

Journal of Curriculum Studies, 26(4), 401-416. 

Brickhouse, N., and Kittleson, M.J. (2006). Visions of curriculum, community, and 

science. Educational Theory, 56(2), 191-204. 

Calabrese-Barton, A. (1998a). Reframing ‘science for all’ through the politics of 

poverty. Educational Policy, 12(5), 525-541. 

Calabrese-Barton, A. (1998b). Teaching science with homeless children: Pedagogy, 

representation, and identity. Journal of Research in Science Teaching, 35(4), 

379-394. 

Chen, D., and Novick, R. (1984). Scientific and technological education in an 

information society. Science Education, 68(4), 421–426. 

Costa, B.V. (1995). When science is ‘another world’: Relationships between worlds 

of family, friends, school, and science. Science Education, 79(3), 313-333. 

DeBoer, G.E. (2000). Scientific literacy: Another look at its historical and 

contemporary meanings and its relationship to science education reform. 

Journal of Research in Science Teaching, 37(6), 582-601. 

Dewey, J. (1910). Science as subject-matter and as method. Science, 31, 121-127. 

(Reprinted from Science & Education, 4(4), 391-399, 1995). 

Feyman, R.P., Leighton, R. (contributor), and Hutchings, E. (Editor) (1986). Surely 

you are joking, Mr. Feynman! Adventures of a curious character. New York: 

W.W. Norton Publications. 

Freire, P. (2005). Pedagogy of the oppressed (30th Anniversary ed.). New York: 

Continuum (Original work published 1970). 

Harding, S. (1986). The science question in feminism. Ithaca, NY: Cornell University 

Press 

Strand 10 Science curriculum and educational policy

1768



 

 

Harlen, W. (2001). The assessment of scientific literacy in the OECD/PISA project. 

Studies in Science Education, 36(1), 79-104. 

Harlen, W., and Elstgeest, J. (1992). Sourcebook for primary science teacher 

education. Paris: UNESCO. 

Hodson, D. (2011). Looking to the future: Building a curriculum for social activism. 

Sense Publishers. 

Hodson, D. (1987). Social control as a factor in science curriculum change. 

International Journal of Science Education, 9(5), 529-540. 

Hodson, D., and Prophet, R. B. (1994). Why the science curriculum changes: 

Evaluation or social control? In R. Levinson (Ed.), Teaching Science (pp. 22-

39). New York: Routledge. 

Karidas, A. and Koumaras P. (2001). Scientific (and technological) literacy for all: 

Presentation of a research model and an attempt to constructing a relevant 

proposal. In N. Valanides (Ed.), 1st IOSTE Symposium in Southern Europe: 

Science and Technology Education – Preparing Future Citizens (Vol. 1, pp. 89-

97). Paralimni/Cyprus: University of Cyprus Press. 

Layton, D. (1968). Lord Wrottesley, F.R.S., pioneer statesman of science. Notes and 

Records of the Royal Society of London, 23(2), 230-246. 

Longino, H. (1990). Science as social knowledge: Values and objectivity in scientific 

inquiry. Princeton, NJ: Princeton University Press 

Lord Wrottesley, J. (1860). Thoughts on government and legislation. London: J. 

Murray Publishers.  

MacIntyre, A. (1981). After Virtue. Notre Dame: University of Notre Dame Press. 

OECD (2007). Pisa 2006: Science competencies for tomorrow’s world: Vol.1 

Analysis. Paris: OECD doi: http://dx.doi.org/10.1787/9789264040014-en 

Poincaré, H. (1920/1958). The value of science. New York: Dover. 

Quicke, J. (2001). The science curriculum and education for democracy in the risk 

society. Journal of Curriculum Studies, 33(1), 113-127. 

Reid, D.J., and Hodson, D. (1987). Science for all: teaching science in the secondary 

school. London: Cassell. 

Simon, R. (1987). Empowerment as a pedagogy of possibility. Language Arts, 64(4), 

370-382. 

Spencer, H. (1891). Education: Intellectual, mental and physical. NewYork: Hurst 

Publishers. 

Tate, W. (2001). Science education as a civil right: Urban schools and opportunity-to-

learn considerations. Journal of Research in Science Teaching, 38(9), 1015-

1028. 

Tsiakalos, G. (2003). The promise of pedagogy. Thessaloniki: Paratiritis [in Greek] 

Strand 10 Science curriculum and educational policy

1769



 

 

CURRICULUM POLICY IMPLICATIONS OF THE PISA 

SCIENTIFIC LITERACY FRAMEWORK 
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Abstract: Since 2000 the PISA-programme of the OECD assesses knowledge, skills and 

attitudes in the areas of reading, mathematics and science, areas which are seen as very 

important for the development of knowledge societies.  Youngsters of age 15 in more than 

sixty countries are involved. The test items are based on three frameworks, not based on 

common curriculum standards but on knowledge requirements for future life. The PISA 

Scientific Literacy Framework deals with three competencies which are based on attitudes, 

contexts and knowledge, not only on science but also about science, i.e. procedural and 

epistemic aspects on which the work of scientists is based. The PISA-results are taken 

increasingly serious by media, ministers and members of parliament, resulting in visits to 

high ranking countries and quick measures, not always appreciated by teachers. In this paper 

it is argued that results should be interpreted with care and comments on interpretation of the 

results are given. Examples of implications for educational policy in various countries are 

shown. In view of the revised SL Framework (2015) recommendations are given for future 

international curriculum development.  

 

Keywords: curriculum, PISA, scientific literacy, educational policy 

 

INTRODUCTION 

 
In 1997 the OECD took the initiative to develop PISA, the Programme for International 

Student Assessment, which monitors the outcomes of education systems regularly and 

provides a basis for international collaboration in defining and implementing educational 

policies. PISA focuses on students age 15 in the fields of reading, mathematics and science 

literacy and the tests are administered every three years since 2000, each time with emphasis 

on one field. In 2012 Mathematics was the main topic and the results will be published in 

December 2013.  Preparations are in progress for PISA 2015, when Science for the second 

time will be the main field.  

 

The frameworks are not based on common curriculum elements across the world (such as in 

TIMSS) but on skills and knowledge which  students  need  in further life in the  21
st
 century.  

The Science Literacy Framework (SLF) forms the foundation for construction of the 

assessment items. The core of the SLF has been based so far (OECD, 2009) on three 

scientific competencies: (1)  identify scientific issues, (2) explain phenomena scientifically, 

and (3) use scientific evidence. These competences include both scientific knowledge and  

attitudes towards science, and should be applied to personal, social and global contexts. 

Scientific knowledge is split into knowledge of science and knowledge about science.  The 

former contains the usual concepts in the fields of life, physical and earth science. The latter 

could be characterized as insight into the nature of science. 

In the 2015 Scientific Literacy Framework more emphasis will be given to knowledge about 

science as this knowledge area will be split into procedural and epistemic aspects (OECD, 

2013). 
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INTERPRETING RESULTS: TAKE CARE 

 
The results of the PISA tests differ greatly between the participating 65 countries (OECD, 

2010). For instance, in 2009 for Science the overall results per country varied between 575 

(Shanghai-China) and 330 (Kyrgyzstan). Even within the group of OECD countries the 

differences are fairly large, with Finland (554) at the top and Mexico (413) at the bottom. 

Originally it was not the intention of the OECD to attribute high value to league tables. It was 

considered much more important to develop a common standard to identify bottlenecks and 

to monitor progress within countries. However, in media and politics the leagues tables have 

got more attention than intended. 

 

In interpreting the results care should be taken, as has been stated by a number of authors: 
a. PISA is not assessing all aims of science education in the participating countries 

as it is not based on current curricula (Mortimore, 2009); for instance students’ 
laboratory performance is not assessed (Dolin & Krogh, 2010);  

b. in the participating countries common test items and textbooks might be different 
from the PISA test items  (Dolin & Krogh, 2010; Figazzolo, 2009; Mortimore, 
2009; Hatzinikita, Dimopoulos & Christidou, 2008); 

c. PISA results might partly be explained by scientific culture in society, for instance 
reflected in attention for science in the media, in science centres and in the nature 
of topics discussed at home and with friends (Lau, 2009); 

d. the league tables should not be interpreted as precise ranking order; for instance in 
PISA 2006 the differences between Taipei (score 532, place 4) were not 
significantly different from Korea (score 522, place 11) and all countries in 
between; 

e. it is not always clear with what motivation students participate in the PISA-study; 
this might be different  between highly collective or individualistic  cultures (Tan, 
2013). 

This is not to argue that the results have no value, only that they should be handled with care 

to make optimal benefit from them. 

 

 

POLICY IMPLICATIONS 
 

In many countries the PISA results have got public attention. In the United Kingdom 

alarming articles were seen in the media (Mortimore, 2008; Gardner, 2010). Journal articles 

have been devoted to the implications in for instance Germany (Kauertz et al., 2010; Knodel 

et al., 2013), England (Knodel et al., 2013), Denmark (Dolin & Krogh, 2010), Japan 

(Takayama, 2008; Knipprath, 2010), Shanghai (Tan, 2012; Sellar & Lingard, 2013), France 

(Dobbins & Martins, 2012),  Israel (Feniger et al., 2012), Turkey (Gür et al., 2012), New 

Zealand (Baker & Jones, (2005), Europe (Grek, 20009) and the USA (Anderson et al., 2010) .  

 

A general trend is to look across the border and some countries with positive PISA results 

came into the position of ‘reference societies’ (Schriewer & Martinez, 2004). For example, 

Finland and Shanghai have received many visitors from abroad to learn from the educational 

systems of these countries (Sahlberg, 2011; Tan, 2013). One may call this a PISA syndrome 

but unfortunately this term has already been used to refer to a neurological disorder which 

occurs due to a prolonged exposure to antipsychotic drugs
i
.  

Although benchmarking with other countries might be beneficial one should realize that 

problems in some countries could not always be solved with solutions from other countries. 

A striking example can be found in a publication of the Learning Curve Programme (Pearson, 
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2012) reporting on the top ranking of Korea and Finland according to educational output 

while their educational culture and tradition is in many aspects very different, such as the role 

of exams, teaching culture, class time, class size and salaries of teachers. What they have in 

common is not easily transferred: high status of teachers and teacher training, and high value 

of education in society. 

 

In the Netherlands the Government has set some precise performance objectives related to 

PISA results: the Dutch scores should each three years increase with 5 points for 

mathematics, 4 points for reading and 2 points for science. One may wonder if such precise 

objectives are realistic. More effective  might be that schools in the Netherlands have 

received additional funds to pay more attention to high achievers as both in TIMSS and PISA 

Dutch students score relatively low at the higher levels. 

 

 

WHAT IS NEW IN THE PISA 2015 SCIENCE FRAMEWORK? 

 
In the new framework (OECD, 2013) Scientific Literacy is defined as the ability to engage 

with science-related issues and with the ideas of science, as a reflective citizen. A 

scientifically literate person should be willing to engage in reasoned discourse about science 

and technology which requires the competencies to: 

  

1. Explain phenomena scientifically:  

• Recognise, offer and evaluate explanations for a range of natural and technological 

phenomena.  

2. Evaluate and design scientific enquiry:  

• Describe and appraise scientific investigations and propose ways of addressing 

questions scientifically.  

3. Interpret data and evidence scientifically:  

• Analyse and evaluate data, claims and arguments in a variety of representations and 

draw appropriate scientific conclusions.  

 

These competencies will only be tested using the knowledge that 15-year-old students can 

reasonably be expected to have of the concepts and ideas of science (content knowledge), the 

procedures and strategies used in all forms of scientific enquiry (procedural knowledge), and 

the manner in which ideas are justified and warranted in science (epistemic knowledge). See 

Figure 1. 
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Figure 1. Components of the PISA 2015 Science Literacy Framework (OECD, 2013) 

 

The content knowledge in the framework (physical, life and earth science)  is likely to be 

fairly common to what is taught all over the world, although not described in detail. The 

contexts in the framework (at personal, local/regional and global levels) are almost similar to 

those in previous PISA SL frameworks. What is most innovative are the categories 

procedural and epistemic knowledge. 

 

 

Procedural Knowledge 

 
 The concept of variables including dependent, independent and control variables; 
 Concepts of measurement e.g., quantitative [measurements], qualitative 

[observations], the use of a scale, categorical and continuous variables; 
 Ways of assessing and minimising uncertainty such as repeating and averaging 

measurements; 
 Mechanisms to ensure the replicability (closeness of agreement between repeated 

measures of the same quantity) and accuracy of data (the closeness of agreement 
between a measured quantity and a true value of the measure); 

 Common ways of abstracting and representing data using tables, graphs and charts and 
their appropriate use; 

 The control of variables strategy and its role in experimental design or the use of 
randomised controlled trials to avoid confounded findings and identify possible causal 
mechanisms; 

 The nature of an appropriate design for a given scientific question e.g., experimental, 
field based or pattern seeking.  

 

Figure 2. PISA 2015 Procedural Knowledge (OECD, 2013) 

Strand 10 Science curriculum and educational policy

1773



 

___________________________________________________________ 

Epistemic Knowledge 

 

1. The constructs and defining features of science. That is: 

 The nature of scientific observations, facts, hypotheses, models and theories; 

 The purpose and goals of science (to produce explanations of the natural world) as 

distinguished from technology (to produce an optimal solution to human need), 

what constitutes a scientific or technological question and appropriate data; 

 The values of science e.g., a commitment to publication, objectivity and the 

elimination of bias; 

 The nature of reasoning used in science e.g., deductive, inductive, inference to the 

best explanation (abductive), analogical, and model-based. 

2. The role of these constructs and features in justifying the knowledge produced by 

science. That is: 

 How scientific claims are supported by data and reasoning in science; 

 The function of different forms of empirical enquiry in establishing knowledge, 

their goal (to test explanatory hypotheses or identify patterns) and their design 

(observation, controlled experiments, correlational studies); 

 How measurement error affects the degree of confidence in scientific knowledge; 

 The use and role of physical, system and abstract models and their limits; 

 The role of collaboration and critique and how peer review helps to establish 

confidence in scientific claims; 

 The role of scientific knowledge, along with other forms of knowledge, in 

identifying and addressing societal and technological issues. 

 

Figure 3. PISA 2015 Epistemic Knowledge (OECD, 2013) 

 

In my view procedural and epistemic knowledge are very important for interpreting claims 

from researchers, for instance in media reports. Just content knowledge is not sufficient to 

understand how science works. However, the description of knowledge is fairly theoretical 

and might be read as a syllabus for a course on the philosophy of science. I am convinced that 

this is not the intention, so the main challenge for PISA 2015  is to write test items which are 

feasible for 15 year olds at various ability levels. 

 

 

RECOMMENDATION 

 
If governments find it important that their students rank high in the PISA league tables one 

might hope that this is not just for ranking purposes but for the benefit of the future of their 

citizens. As all participating countries agree on the frameworks it is surprising that so little 

has been done to identify common ground in curricula and practices of teaching in view of 

the SL Framework.  

In the Netherlands we have made efforts to interpret the PISA 2006 science results in view of 

the Dutch curricula (Eijkelhof, Kordes & Savelsbergh, 2013). The relatively high scores on 

real context-based PISA questions (Nentwig et al., 2009) might, for instance, be explained by 

the focus on contexts in Dutch science curricula. 

An interesting development  in this respect in the USA is the development of the Next 

Generation Science Standards (NRC, 2012) which seem related to the new SL Framework in 

several ways, such as the focus on scientific practices.  
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As European countries tend to score far below East Asian participating communities and as it 

is neither easy nor advisable to blindly copy educational systems, I recommend that a 

European initiative is taken to: 
- Identify differences and similarities between the PISA Science Literacy Framework 

and educational practice at junior secondary level. 
- To develop, trial and evaluate curriculum materials which might bridge the gap, for 

instance as regards procedural and epistemic knowledge. 
- To give recommendations to educational authorities in the participating countries. 

 
To avoid misunderstanding, I do respect the variety in education in European countries and I 

am not in favour of a European science curriculum. But I expect that we could more 

cooperate in developing science education which is beneficial for the future of our citizens. 

No better platform than the ESERA community could be found to take an initiative in this 

field. 

 

NOTE 

 
1
 http://en.wikipedia.org/wiki/Pleurothotonus  
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Abstract: The new curriculum in Sweden for primary and secondary school contains 

more distinct educational targets. Science education at school now has to be linked to 

the students own experience and shall develop critical thinking of the student. This is 

supposed to the ability to review arguments and to develop their ability to argue in 

situations where knowledge of science is of big importance. To achieve the required 

knowledge, students have to train abilities or skills before the assessment. In order to 

assess the required knowledge and to view the development of a student, the teacher 

has to accomplish several practical assessments and training occasions. The new 

curriculum expects the teacher to design learning situations where the students get the 

possibility to have relevant training before the performance assessment. The earlier 

Swedish curricula had a stronger emphasis on theoretical knowledge whereas the new 

curriculum highlights the ability to use knowledge. 

Keywords: teaching evolution, tacit knowledge, science teaching 

 

INTRODUCTION 

The new curriculum in Sweden for the primary and secondary school contains more 

distinct educational targets. The political background was among other things, the 

poor Swedish results in PISA and TIMMS. There had also developed a strong opinion 

against what was regarded as a modern school without any demands on the students 

and a wish to return to a school focused on knowledge. Also the ROSE project, 

focused on the interest in science education, showed that a very low number of 

Swedish students were interested in this field. Important parts in the political agenda 

was the improvement of teacher training programs focused on subject knowledge, 

better evaluation programs, teacher certificates, inspections of schools and new 

curricula. The new curriculum for the primary school contains three important parts 

concerning the studies of the different subjects. These three were; the aim of the 

subject in the school context and in society, the core content of the subject and the 

knowledge requirements to reach a specific level at the assessment performance. 

Further, the assessments are linked to the usage of knowledge both in a specific 

subject context according to the assessment criteria, but also in other contexts outside 

school rather than remembering facts. 

 

BACKGROUND 

Science education at school now, according to the curriculum, has to be linked to the 

students own experience and development of critical thinking of the student. This aim 

is supposed to enhance the ability to review arguments and also to develop the 

student’s ability to argue in situations where knowledge in science is of great 
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importance. The performance assessment according to the curriculum shall be used to 

evaluate if the student have achieved the capacity to use knowledge in discussions 

within scientific contexts. 

The student’s practical investigations and documentation of these are important parts 

in science education. To achieve this required skill, students have to train before the 

assessment. In order to assess the required knowledge and to view the development of 

a student, the teacher has to accomplish several practical assessments and training 

occasions. This is an important change compared to earlier curricula. The teacher was 

earlier supposed to concentrate on teaching but the content of the lessons was not 

described in the curriculum. The new curriculum expects the teacher to design 

learning situations where the students get the possibility to have relevant training 

before the performance assessment. Thus, the role of the teacher has changed from 

being a performer in the classroom to becoming a designer of learning situations. This 

includes also the situation when the performance assessments are made, they shall not 

only assess the abilities of the student but also stimulate to further studies. The earlier 

Swedish curricula had a stronger emphasis on theoretical knowledge whereas the new 

curriculum highlights the ability to use knowledge. 

In our positions as lecturers at teacher training programs we have observed several 

obstacles of different nature, diminishing the learning outcome in science teaching. 

We identified some of these as important and relevant to deal with in the pre-service 

training as we thought this would help our students in their coming profession.  

In a recent quality report from Skolinspektionen (Swedish Schools Inspectorate 

2012), concerning teaching in years 1–3, similar problems have been identified. 

Almost all students regard science as interesting subject, they feel satisfied with the 

classroom climate and the visited lessons where described as peaceful with supportive 

teachers. More negative is that some parts of the core content are absent and that there 

is a focus on biology at the expense of chemistry and physics. This does not mean a 

higher quality in biology; the teaching is mainly concentrated on observations and 

learning of concepts without deeper understanding. Further, the students rarely 

practice scientific methods, they need help to understand the content and the quality 

varies between schools and also within schools.  

We were also interested in how teachers did when they had to explain things they 

didn’t know so much about. Teachers often claim a lack of knowledge as the reason 

why they don’t teach science properly or even try to teach. On the other hand we had 

a feeling, out of what we had seen visiting schools and when we met teachers at in-

service courses, that many of them expressed tacit knowledge used in informal or 

spontaneous learning situations. 

We had also discovered poor knowledge in the main principles of evolutionary 

theory. Although many students know words or concepts like random variation, 

natural selection, adaptation etc. they do not use them in appropriate ways.  

In the pre-service training it is important to know how science could be taught at 

school and to give opportunities for the becoming teacher to practice in similar ways 

as they are supposed to design learning situations with their students in the future.  
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THEORETICAL FRAMEWORK 

Biology is often “taught” outdoors but this activity is often delimited to observations 

often transformed to numerical values. Why is biology, which always has an 

evolutionary foundation, almost always about facts and not about processes? If 

processes occur they are usually taught as concepts that should be memorized not as 

dynamic models with several interacting forces (Alters & Nelson 2002, 

Skolinspektionen 2012). 

Out of our experiences presented in Background, three questions surfaced covering 

the main parts of our concern: 1) How is science in general taught in the classroom, 2) 

is there a structure of the tacit knowledge among teachers and is there a strategy for 

expressing it by them (Parker & Heywood, 2000) and 3) how do we get teacher 

students to be more evolutionary in their thoughts? These were questions not 

primarily to establish thorough research on, rather ideas that could be investigated in 

order to find the core of the problems. 

Like Alters & Nelson (2002) our general experiences from teaching, in different fields 

of science like biology and chemistry but also in behavioral and educational sciences, 

was that the main obstacle almost always were the students’ prior conceptions 

regardless how well-founded they were. This problem arises in all learning situations, 

not only of evolutionary theory.  

 

METHODS 

Classroom study 

In the first case the learning situations in a class of 23 students in year one were 

recorded by Iphone simultaneously as notations of the activities were made. The time 

in minutes spent on different types of activities was summarized. These observations 

were used to evaluate the actual leadership of the teacher in the classroom and 

outdoors. 

Tacit knowledge 

During a course for teachers in primary school the participants wrote reflections about 

problems of knowledge of concepts, processes, relations etc. and problem solving 

when students posed questions they were uncertain about. These reflections were 

analyzed in order to reveal how they in practical situations expressed tacit knowledge. 

Evolution 

In order to create a better understanding of the basic principles of evolution we tried 

to use TED-talks from the internet in a course in chronological perspectives for 

primary school teacher students. If the students first watched a lecture on scientific 

method related to evolution followed by another strict evolutionary lecture we thought 

they would achieve tools for analyzing other talks. The ambition was to make the 

students aware of the fact that also prominent researchers may slip into a more 

entertaining costume when talking to non-specialists. In order to make it possible to 

compare different talks we divided the student in ten groups of about five in each. All 

groups were instructed to watch same two TED-talks, first Lotto & O’Toole: Science 

is for everyone, kids included (2012), followed by Elaine Morgan says we evolved 

from aquatic apes (2009).  
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After this the groups was given one talk each to critically watch and discuss. We 

chose a packet of talks called Ancient clues, containing 5 different talks by Enriques 

(2012), Goodall, (2002), Leakey (2008), Pääbo, (2011) and Zeresenay (2007).  

After having watched the lectures the students had discussions on the course web 

which was followed by the teachers and later studied. The occurrence of concepts 

from the evolutionary theory and the manner of writing in the lines of the students 

were analyzed  

 

RESULTS AND DISCUSSION 

Classroom study 

In total 585 minutes of science teaching were observed. The numbers of registered 

minutes were larger as many activities occurred simultaneously. For example, if the 

teachers were talking when the students were making drawings both activities were 

registered. In total 972 minutes were registered in the classroom and 156 minutes 

outdoors. 

In the classroom a minor part of the activity performed by the teacher alone and 

almost all activities is performed by the students (Figure 1).  

 

 

Figure 1. Percentage of time used for different activities in science teaching in the 

classroom 
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One third of the time is used for strict individual activities of the students and only 13 

% to collective activities. Most of the time (46 %) is used for a mix of individual and 

collective activities (Figure 2). 

 

 

Figure 2. Percentage of time used for teacher, individual and collective activities in 

science teaching in the classroom 

 

The outdoor activities were of much shorter duration but the pattern was similar 

(Figure 3). The teacher uses a small part of the time and the students activities seem to 

be of a fairly free character. 

 

 

Figure 3. Outdoor activities 
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The result supports the view of Skolinspektionen (2012). The outdoor education is not 

directly related to theory but is concentrated on observations and questions. Also in 

the classroom the leadership of the activities probably is weak as the time of teacher 

dominance is limited. 

This supports the opinion that the design of science learning situation has to be 

developed.  

Tacit knowledge 

The reflections contained a large number of ideas how to do when you initially 

thought you didn’t know how to explain when you got impossible questions. In Table 

1 the most common problems and their suggested solution are listed. 

 

Table 1 

Problems identified by teachers in primary school 

Problems Solutions 

To use concepts correctly Relate to the students own explanations and experiences 

in different situations 

To see other than simple 

relations 

Discuss the relations in different situations. Don’t read, 

work practically! 

To understand processes Use activities (e.g. cooking and baking) as examples of 

transforming processes. 

To put knowledge in a 

larger context 

Expand the world of the student by new experiences. 

 

The results show how many, a majority of the reflections of 14 teachers have 

strategies for answering scientific questions although the regard themselves as more 

or less ignorant. This support what we often find in our courses; students claiming 

ignorance although they can prove practical (tacit) knowledge. To some extent we 

think this is a defense; their self esteem in science is often very poor regardless their 

skills. 

Evolution 

Primarily, we found that students do not follow instructions. Many of the groups 

started to listen uncritically to the talk of their own and tried to analyze the first two 

out of this. Secondary many argued against criticism with arguments like; why should 

our teachers provide us with poor talks, of course they must be good if they are 

included in the course. Finally almost no students used evolutionary concepts and 

most of them showed poor understanding of evolutionary principles. Almost no one 

referred to the textbook (Guttman 2005). 

Teaching evolution is more problematic than we thought. Here we have a dilemma in 

the trust of the students. They hesitate in being critical against their teachers. It is hard 
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for them to imagine why the teachers should give them poor material even to practice 

critical thinking?  

Another problem was that the student didn’t follow instructions. They preferred to 

start with their own material directly instead of first develop critical thinking. This 

shows how curiosity may lead to poor learning when not properly guided. 

We have to create distinct learning situations, otherwise we get nowhere. 
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Abstract: A recent debate about teaching genetics concerns the importance of teaching 

concepts of biotechnology. The present study aimed to identify high school teachers’ 

and university faculty members’ opinions with the basic genetics concepts that students 

finishing secondary education should know to become informed citizens capable of 

critical thought. The study also determined whether these concepts are being considered 

by higher education institutions during teacher training. Data were collected through 

interviews and by analysing the programmes and syllabi of university courses in São 

Paulo (Brazil) and Kalamazoo (USA). The content areas that were most often 

mentioned by the interviewees in São Paulo were inheritance patterns (Mendel’s laws 

and gene interaction), cell division and molecular genetics (gene expression and 

biotechnology). In Kalamazoo, the most common responses were inheritance patterns 

(Mendel’s laws and codominance), molecular genetics (gene expression, DNA 

structure, mutation, biotechnology and DNA replication) and cell division. These topics 

are covered in the programmes and syllabi of graduate courses that focus on teacher 

training. The opinions of faculty members and the curricula of the areas that they teach 

were similar, but in the São Paulo context, there was a difference of opinions 

concerning biotechnology. Such a difference in opinions is important for stimulating 

critical reflection, but these topics should be taught in conjunction with other basic 

principles.  

 

Keywords: Genetics education, curriculum, secondary education level, teacher training  

 

INTRODUCTION 

Among the knowledge produced by science, knowledge of genetics has great 

importance, both for its relevance to the various areas of biological sciences and for its 

connection with various aspects of the daily life of individuals (Griffiths et al., 2006). In 

Brazil, one of the goals of basic education, which has even been provided for by law 

(LDB 9394 /96 Art. 2), is the preparation of students for citizenship. This concern is not 

restricted to the Brazilian context. Among the driving forces for reform of science 

education worldwide are the advances in science and technology, with a growing 

concern for the importance of such knowledge for the development of societies and the 

education of well-prepared citizens to act and make decisions about such issues (Guo, 

2007). 

Regarding the knowledge of genetics specifically, recent studies have been concerned 

with the difficulties related to these concepts and with the development of attitudes 

displayed by students both with respect to more traditional topics in the area (Lewis & 

Wood-Robinson, 2000) as well as with respect to the most current issues related to 

biotechnology (Usak et al., 2009; Pedrancini et al., 2007; Pedrancini et al., 2008; 

Dawson & Soames, 2006). 
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However, it is not only students' understanding of genetics topics that concerns 

researchers. If we look at the development of this area of study, we can see that it has 

been undergoing constant development (Flodin, 2009; Shapiro, 2010; Bizzo, 1998; 

Dougherty, 2009), raising reflections on topics that are relevant for teaching in the 

school setting (Bizzo, 1998; Dougherty, 2009; Ayuso & Banet, 2002; Camargo & 

Infante-Malaquias, 2007; Bridgforth, 1993). 

A developing field of genetics refers to technologies developed as a result of its 

application. In recent years, researchers in the area of biology education have been 

concerned with the teaching of biotechnology-related topics linked to genetics. One of 

the more recent discussion topics is centred on the teaching of biotechnology. For 

example, Xavier, Freire and Moraes (2006), Nascimento (2005), Ayuso and Banet 

(2002) have addressed this topic. When seeking to determine how knowledge regarding 

the application of genetics is presented in textbooks, Xavier, Freire and Moraes (2006) 

have demonstrated their concern for the absence of such content in textbooks. In 

addition, other researchers have also expressed concern about the need for such content 

to be addressed in a high-quality manner in these educational materials (Dawson & 

Soames, 2006; Martínez-Gracia & Gil-Quílez, 2003; Pedrancini et al., 2007; Pedrancini 

et al., 2008; Usak et al., 2009). Bonzanini and Bastos (2005) and Ayuso and Banet 

(2002) state that these topics are often discussed in the media and thus should be taught 

in parallel with other topics. The authors argue that students develop their values by 

debating these subjects (Ayuso & Banet, 2002).  Issues related to cloning and genetic 

programming of organisms bring up controversial issues such as eugenics (Bizzo, 1995, 

1998). 

Therefore, because genetics is an area of study whose contents are constantly expanding 

and because researchers have demonstrated the difficulties exhibited by students in 

understanding this field, it is important to think about what to teach in this area. Thus, 

many questions may arise in this framework: Can you teach all of the knowledge 

already included in the topic to secondary education students? If it is necessary to make 

choices, what should be selected? Will the classically taught knowledge be too basic for 

students? Would the selected knowledge facilitate or hinder the students' understanding 

of concepts in genetics? 

Arguments in favor of quality over quantity can also be found. Authors assert that time 

is a necessary element for students to really learn about biological inheritance and 

achieve substantial changes in their intellectual abilities. Therefore, they consider that 

the contents should be selected in a more critical and reasoned manner, taking into 

account their educational usefulness and focusing on learning quality rather than 

quantity as the greatest concern (Banet & Ayuso, 2002). 

In this context, the present study aimed to identify high school teachers’ and university 

faculty members’ opinions about the basic genetics concepts that students finishing 

secondary education should know to become critical citizens. The study also determined 

whether these concepts are being considering by higher education institutions during 

teacher training. 

 

METHODS  

Interviews were conducted in two different contexts with a sample of 24 participants. In 

the first context, six genetics and molecular biology professors at São Paulo University 
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(Universidade de São Paulo - USP) and six biology teachers at the secondary education 

level in the city of São Paulo (Brazil) were interviewed. 

In the second context, six faculty members at Western Michigan University (WMU) and 

six teachers from the city where the main WMU campus is located (Kalamazoo, USA) 

were interviewed. The aim was to assess whether the obtained results were only 

applicable in a specific context or could be applied in different contexts.  

The interviews were conducted between the years 2008 and 2010. The sample was 

designed using the maximum variation criterion (Patton, 1990), i.e., it focused on a few 

cases but was as diverse as possible, thus trying to avoid biases. For this purpose, results 

of institutional evaluations [Brazil: ENEM 2007 (National High School Exam - Exame 

Nacional do Ensino Médio); USA: ACT spring tests 2009 (American College Testing) 

and MME (Michigan Merit Examination)] were used to select teachers from schools 

with different performance results for their students and to interview both professors 

who teach genetics classes as well as molecular biology classes to avoid a possible trend 

in valuing classical genetics.  

Interviews began with an open question about what genetics topics the interviewees 

considered to be necessary for secondary education level students to become informed 

citizens capable of critical thought. In light of a difference in opinion about the teaching 

of biotechnology, we also determined interviewees’ opinions about including 

biotechnology topics in the curriculum.  

With the permission of the interviewees, the interviews were recorded with a digital 

voice recorder. After transcribing and organizing the data, the process of data 

immersion began in an attempt to develop familiarity with them, seeking alternatives of 

analysis and more specifically of categorization, which in this case corresponded to the 

development of content categories. 

As some topics were considered to be fundamental by the majority of the interviewees, 

this study also determined whether these topics were being addressed by the higher 

education institutions during teacher training. The syllabi were reviewed for the 

following training courses for biology teachers: in São Paulo, BIO0203 (Genetics), 

BIO0205 (Molecular Biology), BIO0509 (Practical Genetics for Elementary and 

Secondary Education) and BIO0441 (Graduate Degree Programme in Molecular 

Biology) were reviewed, and in Kalamazoo, BIOS1500 (Molecular and Cellular 

Biology), BIOS2500 (Genetics) and SCI4040 (Teaching of Secondary Science) were 

reviewed. 

 

RESULTS 

In São Paulo, the topics that were most often mentioned as basic content included 

inheritance patterns (100%), cell division (83.3%) and molecular genetics (75%).  

Under inheritance patterns, Mendel’s laws (83.3%) was the most cited topic, followed 

by gene interaction (41.1%). Within the category molecular genetics, the most 

commonly cited topics were gene expression (66.7%) and genetic applications 

(biotechnology) (58.3%). 

In comparing the two sites, two topics stood out as being considered to be basic 

concepts: inheritance patterns (83.3%) and molecular genetics (91.7%). Mendel’s laws 

(58.25%) and codominance (41.7%) were mentioned under inheritance patterns. There 

were also several topics associated with molecular genetics: gene expression (66.7%), 
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DNA structure (66.7%), mutation (50%), genetic applications (biotechnology) (50%) 

and DNA replication (50%). Cell division was also commonly mentioned but with a 

much lower frequency in Kalamazoo (41.7%) than in São Paulo (83.3%).  

When asked specifically about the teaching of the topic of genetic applications 

(biotechnology) as a basic content in secondary education, there was a difference in 

opinions between the interviewees regarding the teaching of biotechnology. The 

majority of interviewees (Table 1) thought that biotechnology is an important subject to 

teach so that students could understand information that they receive in their daily lives.  

However, some interviewees said that these topics should only be addressed if students 

had already consolidated other basic knowledge. For them, these subjects would thus be 

secondary and were not indispensable for students on this level. 

Half of the faculty members in São Paulo thought that including biotechnology topics 

would create an excess of content, resulting a superficial treatment of both 

biotechnology topics as well as more basic genetic concepts. The interviewees believed 

that these are difficult topics for students and that students who learn these topics may 

do so at the expense of other basic concepts. Several other authors have also identified 

this difficulty for students (e.g., Ayuso & Banet, 2002; Usak et al., 2009; Infante-

Malachias et al., 2010).  

  

Table 1 

Summary of views by teachers and professors from São Paulo (SP) and Kalamazoo 

(MI) on the teaching of genetic applications (biotechnology) content as a basic for 

secondary education students. The circles highlight the group of teachers from São 

Paulo, of whom half of the interviewees indicated that the teaching of this topic was 

secondary, which differed from the majority opinion of the interviewees, and Group 1 of 

the teachers from Kalamazoo, which also stood out as deserving a more in-depth 

qualitative analysis of its situation. 

 

 

Qualitative data relating to Group 1, which comprised teachers from schools with the 

lowest performance on exams in Kalamazoo, also showed the presence of a different 
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opinion in this group. Half of the teachers interviewed in Kalamazoo showed they do 

not give the same importance to these and other topics. 

TK6 considered such content secondary despite presenting a lower intensity in defense 

of this view with respect to the professors from São Paulo. TK3, in turn, did not directly 

express an opinion on the teaching of biotechnology in general. However, in addition to 

topics in this area not appearing among the content considered basic for her, the 

interviewee also said that one of the topics of the Michigan curriculum that she was 

reluctant to address was recombinant DNA technology. When analyzing the TK1 

interview, it was noticed that the single reference regarding genetic applications from 

her interview was on the topic how the karyotype can be used to identify genetic 

abnormalities present in the list of curriculum subjects of the district of Kalamazoo, 

which she thought was basic to teach, and, in turn, was based on the curriculum of the 

State of Michigan. 

Therefore, it can be noticed that the teachers in Group 1 in Kalamazoo, although they 

did not consider the biotechnology-related content to be secondary as strongly as the 

professors from São Paulo did, they certainly did not consider such content as basic in 

the same way as did other interviewees. 

Some evidence of factors that may explain this divergence can be found both in the 

programs used by professors from São Paulo in their classes as well as in discussions 

about the curriculum used by the Michigan public education system. In this article we 

will focus our observations on the programs of different academic disciplines. 

At the University of São Paulo, teachers that will teach biology in secondary education 

attend the undergraduate Biological Sciences program. Regarding the specific 

knowledge areas discussed in this study, these students have the following compulsory 

classes: BIO0203 Genetics and BIO0205 Molecular Biology. By analyzing the topics to 

be developed on these undergraduate programs (available in www.sistemas.usp.br, 

accessed on 05/05/2011) and in programs from 2010/2011 of these classes (provided by 

the professors themselves), it was noticeable that there was an interesting aspect of the 

BIO0203 class. In the class document, the professors explain that they follow the 

Science as a Way of Knowing project guidelines. The professors emphasise that the 

crisis in science teaching is the result of an excessive emphasis on teaching advances in 

biology rather than focusing on the conceptual framework. These ideas are consistent 

with the opinions of several of the interviewed faculty members, who thought that 

biotechnology teaching should not be a priority at the secondary education level.  

However, several applications of molecular genetics, such as transgenics and molecular 

cloning, are covered in the BIO0205 and BIO0441 classes. BIO0441 even discusses 

current topics that are often covered by the “lay media”. These objectives coincide with 

the concerns that were expressed by other half of faculty members in São Paulo. These 

interviewees suggested that teaching these topics helps students understand what is 

occurring in their daily lives and in the media. 

There was consistency between the opinions of the professors and the curriculum 

documents in their respective fields. This is especially demonstrated by the differing 

opinions about teaching biotechnology topics. The documents reflect the opinions of the 

professors, either by defending the exclusion of biotechnology concepts because they 

impede the learning of more basic concepts or by defending the importance of teaching 

biotechnology so that students can understand topics that arise in their daily lives.  
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CONCLUSIONS 

The majority of the topics that teachers and faculty professors consider to be basic are 

covered in the programmes and syllabi of graduate courses for teacher training. 

There was consistency between the opinions of the professors and the curriculum 

documents in their respective fields. This is especially demonstrated by the differing 

opinions about teaching biotechnology topics. The documents reflect the opinions of the 

professors, either by defending the exclusion of biotechnology concepts because they 

impede the learning of more basic concepts or by defending the importance of teaching 

biotechnology so that students can understand topics that arise in their daily lives.  

The opinions of both teaching groups are extremely valuable, as they provide important 

ideas. However, we suggest one possible alternative. In textbooks, Nascimento (2005) 

showed that topics related to genetics have gradually appeared without any connection 

to other concepts. Therefore, we not only agree with Ayuso and Banet’s (2002) 

argument that it is important to address these topics in parallel with more basic 

concepts, but we also agree with one of the interviewed faculty members that we must 

integrate new genetics topics with basic concepts.  

Thus, we concluded that certain questions should be raised about the methodology in 

use today. Is this content considered as supplementary but not elementary for 

understanding the basics? Would it not make more sense for students to understand 

what a gene is by understanding how it is linked to a facet of everyday life? Thus, this 

subject is considered to be important for students to understand issues in their daily 

lives. Therefore, it is believed that it is be necessary to determine if the form by which 

they are taught (decoupled from other basic subjects) is not influencing the results of the 

teaching of genetics before letting students out of the classroom. 
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BIOLOGY OLYMPIAD AS A MODEL FOR INQUIRY-
BASED APPROACHES 

 
 
Jan Petr, Iva Stuchlíková and Miroslav Papáček 
University of South Bohemia in České Budějovice, Czech Republic 
 
Abstract: This article deals with the discussion about possible school application of tasks 
which are originally produced for the purpose in subject competition such as the Biology 
Olympiad and analyses some related benefits or difficulties with the use of tasks in the 
inquiry based science education. 
Three fundamental questions are being discussed: 
1) Is the transfer of the tasks from competition into the biology instruction possible in 
general? What are the necessary or limiting conditions? 
2) What are the Features of the Tasks Especially Suitable for IBSTE? 
3) What typical students’ mistakes say about the process of learning and inquiry? 
Often repeated mistakes of competitors are mentioned because they are useful source of 
valuable information about knowledge and competencies of students – competitors and 
they are transferable to the regular science education. 
Results have showed that teachers can use a selected competition task, but there are some 
limits because the tasks are designed for extracurricular use and gifted youth. Data from 
last competition year show significantly higher success rate of students in the solution of 
theoretical tasks more than practical laboratory tasks or identification of plant and animal 
species. 
 
Keywords: the Biological Olympiad, inquiry based education, science education, 
school tasks, biology education 
 
 
INTRODUCTION  

Science olympiads are a self-improvement type of competition, in which students carefully 
solve prepared, complex tasks demanding well-integrated knowledge, inquiring mind, 
creativity and science skills. The Biology Olympiad (the BiO) is a nationwide competition, 
organised under auspices of the Ministry of Education as an extracurricular activity. The 
BiO is in fact guided inquiry, where the learner must „sharpen or clarify a question 
provided by the material“. The remainder is a highly self-directed activity of the student, 
i.e. to determine what constitutes evidence and collect it, to formulate an explanation based 
on evidence, to examine other resources and relate them to the explanation, and to 
formulate a reasonable and logical argument to communicate the authored solution. Thus, 
the BiO fulfils the function of the Inquiry-based science education, as it engages students 
in authentic, open-ended problem-based learning activities; in experimental procedures, 
experiments and "hands on" activities, including the search for information; in self-
regulated sequences of knowledge and skills application and in argumentation and 
communication of the solution. 

The competition has hard-and-fast rules. It is held on three national (in the Czech 
Republic) and one international level (IBO – The International Biology Olympiad) and 
competing students are categorized into the four age brackets (Farkac & Bozkova, 2006; 
MEYS, 2007). The tasks are developed for the school, regional and national level and have 
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usually extraordinary inquiry provoking potential. 

The common engagement of biology teachers with the BiO is to prepare the school level of 
this competition and to prepare gifted students for the participation at the highest levels. In 
the past, about 10 years ago, teachers were helping students with the choice of a subject or 
a domain of interest and were preparing the way for collaboration between students and 
scientists or scientific institutions. Currently the BiO is realized without individual 
scientific projects of competitors. For this event different competition (called The Students 
Scientific Activity) is organized in the Czech Republic and it is oriented directly on 
students’ scientific projects (cf. e.g. with the EUSO on the international level). 

There is another mission of teachers. Teachers can motivate and inspire all students not 
only towards the competition but towards interest or towards science education by solving 
selected attractive and innovative tasks which are slightly different from common school 
tasks. The BiO has potential to motivate students and to develop interest in biology. For 
example Stazinski (1988) summarized some aspects of the BiO in the formation of 
students' interest in biology and stated three positive impacts on biology education:  
(i) further development and stability of students´ interest in biology,  
(ii) most competitors have better achievement in school results and are more active in 
biology lessons, 
(iii) competitors undertake further biological or medical studies. 

The role of subject competition in science education is discussed from point of view of the 
motivation and other aspects (cf. eg. Verhoeff, 1997, Wilson, 1981, Petr, 2010). 

Science olympiad can be a useful tool for the preparation of teachers as well. After 
conclusions published by Breyfogle (2003) work with the competition tasks is an evident 
benefit in teacher education. Breyfogle (2003) has studied opinions of pre-service teachers. 
The use of competition tasks, their preparation, demonstration, solution and their analysis 
during laboratory course in the chemistry teacher education were conceived as a good idea. 
In this course students have obtained a deeper insight into problems of the using authentic 
activities to implement constructivist or inquiry based approach in the laboratory 
instruction. 

Similar experience was acquired during a teacher training course at the University of South 
Bohemia with pre-service biology teachers (Stuchlikova, Petr & Papacek, 2013). Students 
stated analogous benefits of participation at lessons. They were analysed and solved 
selected competition tasks and discussed the educational and motivational potential of the 
tasks and they positively evaluated the experience gained by working on the competition 
committee. 

The competition tasks served as a dominant material for the work in the seminar. As the 
tasks have an extraordinary inquiry provoking potential, it would be valuable to transform 
the ideas of the BiO into the regular instruction and use them also in teacher education. 

We can discuss three fundamental questions: 

1) Is the transfer of the tasks from competition into biology instruction possible in general? 
What are the necessary or limiting conditions? 

2) What are the Features of the Tasks Especially Suitable for IBSTE? 

3) What typical students’ mistakes say about the process of learning and inquiry? 
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METHODS  

For the illustration of a long-term observation and longtime empirical experiences, a set of 
34 protocols of competitors at regional level of last competition year (2013) was analysed. 
During the competition results of competitors were assessed by a regional committee 
comprised of 7 people (scientists, teachers, pre-service biology teachers). Protocols were 
compared with an author’s solution published by the organizer and this was accompanied 
by an observation of the competitors´ work during the process of solving competition 
tasks. The observation was necessary for a correct evaluation of the sketches drawn during 
the microscopic task and a correct assessment of working procedures and skills of 
competitors. The sketches were compared with real microscopic slides. Results of the 
competitors were evaluated by the ANOVA with the Tukey post-hoc multiple comparison 
(F(6, 198) = 22.11; p<10-6). 

Possibilities and limits of the implementation of competition tasks were discussed with 
students - participants of the seminar oriented on the school experiments, observation and 
other practical methods in the biology teaching. 

 

RESULTS 

Through the analysis of students’ results and protocols, it was found that students have 
problems with solving laboratory tasks rather than theoretical task (Figures 1 and 2). There 
is a significant difference among theoretical and practical tasks. A very large dispersion 
was found in the knowledge, or better to say identification, of animal and plant species and 
taxa, where the recognition of animals is significantly better than in the recognition of 
plants.  

 
Figure 1. Results of competitors at the regional level of the BiO 2013. Legend: Test – 
theoretical test with closed questions; Lab1, Lab 2 - laboratory tasks; Lab 3 – the task 
without demands on equipment (de facto theoretical task); Structures - identification of 
some biological structures and phenomena; Animals/Plants - identification of the 
animal/plant species 
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Figure 2. Outcome of the one-way repeated measures ANOVA (F(6,198) = 22.11; p < 10-6 
Tukey post-hoc multiple comparison). Legend: + significant difference between variables. 

Success rate of task Lab 3 (but this task is more than lab task rather theoretical) is 
significantly higher than in laboratory tasks. 

 

 

Figure 3. Examples of two sketches, correct (left) and incorrect (right), of microscopic 
objects. 

 

DISCUSSION  
The first question - Is the transfer of the tasks from competition into the biology 
instruction possible in general? What are the necessary or limiting conditions? 

The portfolio of tasks produced for the BiO is relatively broad. Some tasks are very similar 
to common school tasks (primarily at the school competition level). Therefore the use of 
these tasks is possible but it provides only a small additional educational benefit. This kind 
of tasks is assigned for further training of some skills and knowledge at the school level. 

New designed inquiry oriented competition tasks are the main source of enrichment for the 
biology instruction. They can bring new alternatives and challenge therefore routine 
instructional methods because they are new and extend teachers’ portfolio of tasks, 
methods or forms of instruction. 

Motives for the use of the competition tasks in the biology education: 

1) Tasks are produced by teams of specialists from different biological branches with 
participation of teachers and biology students. Therefore, both factual and didactic 
correctness is guaranteed. Detailing of the tasks runs continually so the final manual and 
instructions for teachers and jury are published last of all. Teachers can obtain a good 
source of new and elaborated tasks for their practice in this way. Approximately 14 – 15 
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new tasks are developed for one year of competition. Therefore, lots of new tasks are 
arising for the potential use in school. 

2) Teachers obtain well-elaborated methodical instructions and elaborated author’s 
solution for every task. The solution of the BiO is a tool for the evaluation of the tasks on 
one hand and for the evaluation of educational processes on the other hand. The evaluation 
of the tasks from the point of view of the success rate is a good indicator for the 
implementation of the selected task into the regular classroom settings. 

There are some limits for the implementation of the tasks into the regular education as 
well: 

1) Extracurricular character of the competition (i.e., the possible different thematic scope 
in comparison with the curriculum). 

2) Some tasks require extracurricular knowledge because they are designed for gifted 
youth. Teachers should try to adapt and critically evaluate the tasks before their use in 
education. 

3) Some tasks require special equipment or material (usually it is provided only for the 
relevant level of competition by the central competition committee) and obtaining it may 
not be very easy for all teachers 

4) Adaptation of some tasks from higher levels of competitions by teachers is necessary. 
Some of the tasks are transferable without any modification, but the most tasks require a 
lesser or larger adjustment for the inquiry-based teaching. Some examples include 
matching with relevant curriculum, specification of a hypothesis, a way of the presentation 
of results etc. 

 

The Second Question - What are the features of the tasks especially suitable for 
IBSTE? 

There are two main different kinds of the competition tasks suitable for transfer into the 
regular classroom: 

1) Theoretical tasks without requirements of any special laboratory equipment. 
Nonetheless, these tasks do not lead only to identification of bare facts; they are complex 
and sophisticated and they are not solvable without complex problem solving operations 
and proper work with data. Also, the verification of the inferred solution is realized 
through different ways (filling in of missing information, content analysis of a text, the 
work with pictures, tables, diagrams etc.) 

2) Laboratory tasks: only basic laboratory or field equipment is required for the solution of 
these tasks. Complicated tasks or tasks from higher levels can be simplified for younger 
pupils. On the other hand it is possible to refine or to extend relatively simple tasks 
depending on the curricular content. 

The Third Question - What typical students’ mistakes say about the process of 
learning and inquiry? 

In view of the fact that the BiO is designed as an extracurricular competition oriented 
primarily on youth with broader interest in biology, we can expect appropriate, better-than-
average, knowledge and competencies. During the analysis of students´ protocols it was 
found, that competitors had similar problems with some issues as the common students. 
We can generalize the most frequent issues: 
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1) Low understanding of written text. The dealing with tasks by competitors under pressure 
of the competition environment plays a certain role but this issue corresponds with poor 
results of Czech pupils in international comparative researches (PISA). 

2) Better vs. worse laboratory skills. Laboratory skills are necessary for correct solving of 
many practical tasks. Very different results of competitors chiefly at lower levels were 
found. This fact can indicate a lack of practical laboratory lessons during biology education 
and a decrease of chances of some teaching methods (e.g. inquiry) to be implemented in 
science education. This is a typical problem of many Czech teachers – laboratory lessons 
are considered as time consuming, a bit expensive or complicated. Therefore, many 
teachers prefer verbal teaching without developing of practical skills of pupils. 

 

3) Better vs. worse sketch drawing skills. Ability to draw correct sketches and other 
documentation skills are necessary for all biology students, as the way of the 
documentation and presentation of their own findings. About 60 % of competitors´ 
sketches (in one year of competition) were incorrect. There are broad differences in 
drawing skills among competitors. Some sketches record false objects, some are 
indecipherable. On the other hand, some competitors make very accurate sketches. These 
pictures illustrate well different skills of some competitors (Figure 3). 

4) Uneven biological background. Study booklets oriented on a relevant topic in a 
competition year of the BiO are prepared by a national committee and are available for all 
competitors. It is evident that some students do not work with this text in an analytic and 
synthetic way. Thus, they cannot correct solve complicated and complex tasks. 

5) Higher success rate in theoretical parts of the competition than in practical parts. While 
theoretical tasks require the use of theoretical knowledge, laboratory tasks require a 
synergy of theoretical knowledge and practical skills. Once again, this lack of practical 
skills acquired at school is a weak point of biology education. 

6) Large dispersion of the ability to identify selected species of animals and plants. The 
identification of common animal or plant species is a traditional part of the BiO. Some 
teachers prepare their students in this domain (for example during thematic excursions, by 
collecting samples, didactic tests etc.) many results of the competitors show very different 
levels of knowledge. Only a part of the competitors have ideal knowledge. Poor results of 
some competitors (but in fact of the best students in biology) indicate broader problem in 
biology education (see fig. 1). Some students are not able to concretize their theoretical 
knowledge in biology by real taxa. 

 

CONCLUSION  

The BiO fulfils the function of the Inquiry-based science education, as it engages students 
in authentic, open-ended problem-based learning activities; in experimental procedures, 
experiments and "hands on" activities, including search for information; in self-regulated 
sequences of knowledge and skills application and in argumentation and communication of 
the solution. Although there are some limits in the use of the competition tasks in the 
regular school education, which follows from extracurricular character of the BiO. 
Teachers can use the BiO as an inspiring and rich source of well prepared tasks and 
experiments in regular biology education. The BiO is a good instrument for verification of 
the effectiveness of biology education and can show some problems concerning biology 
education. 
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Abstract: Social semiotics proposes that image design is influenced by socio-culture. The 

purpose of this study intends to compare the images on Taiwanese and Australian high school 

science textbooks. Drawing on the theoretical framework from grammar of visual design 

(Kress & van Leeuwen, 2006), we seek to investigate the images according to three 

metafunctions: ideational, interpersonal, and textual. Content analysis is used to analyze the 

sample units of biological classification, which are shared most consistently across six 

textbooks: three from Taiwan and the other three from Australia. According to our coding 

scheme, 266 original image complexes can be analyzed into 755 basic image units. All of 

them are coded qualitatively and compared quantitatively. The comparison of ideational 

metafunction indicates that the image structures between countries in the first and second 

level analysis are similar. The majority are represented by conceptual structure. Only a few 

are represented by narrative structure. The structures of analytical process and classificational 

process are used to represent the features of living things and their taxonomy. The difference 

is not revealed until the third level analysis. It is found that Australian versions use more overt 

taxonomy which can explicitly represent hierarchical relationships of classification among 

concepts. Instead, Taiwanese versions use more covert taxonomy which is short of such 

function. The comparison of interpersonal metafunction reveals that Australian versions 

skillfully use the functions of image act, involvement, and social distance to construct a closer 

relationship between the images and readers. The comparison of textual metafunction unfolds 

the hidden influence of image design comes from socio-culture. The results from these three 

metafunctions all confirm there are differences of image design between the science textbooks 

of Taiwanese and Australian. The implications for images teaching are discussed. Also, 

suggestions for publication of science textbooks and further research are made. 

Keywords: biological classification, science textbook, grammar of visual design, 

cross-country comparison, image  
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INTRODUCTION 

Visual images in science textbooks play an important role for leaning. Images can display 

objects or events visually which are difficult to see with unaided eyes. Moreover, those 

abstract images, such as graphics or concept map, can organize complex information into 

scientific formats which can represent large amount of messages efficiently in limited space 

(Kozma, 2003). The roles mentioned above focus more on the benefits of representational 

meanings in facilitating leaning. The topic how images make meanings is seldom discussed 

(Han & Roth, 2005; Lemoni, Lefkaditou, Stamou, Schizas, & Stamou, 2011).  

 

As a social semiotics, Kress and van Leeuwen (2006) proposes that meaning-making in 

images displays cultural regularities which can be described formally like verbal grammar. 

There are three dimensions of visual meanings. The first dimension, ideational meanings, can 

be realized through the examination of image structure which visually constructs events, 

objects and participants involved, and relevant circumstances as well (Unsworth, 2001). The 

second dimension, interpersonal meanings, is realized by visual resources which build the 

relations between readers/sign-maker, or images/readers. The third dimension, textual 

meanings, is realized by the compositional arrangement of images.  

 

The purpose of this study is to compare three dimensions of meanings by examining the 

images in the science textbooks of Australia and Taiwan. The benefits of cross-country study, 

first of all, will generate greater variations in the variables of interest drawn from two 

countries than those from only one country. Secondly, the taken-for-granted beliefs and 

motivations in one culture can be exposed and questioned in comparison (Aldridge, Fraser, & 

Huang, 1999). Last, the results can also be a resource for publishers to get rid of some images 

which could restrict reading comprehension (Cook, 2006). 

 

THEORECTICAL FRAMEWORK 

The grammar of visual design (Kress & van Leeuwen, 2006) proposes that meaning-making 

of images implicitly follows some culturally regular rules. Therefore, all these three 

dimensions of meanings can be realized in terms of semiotic resources (shown as Figure 1). 

Representational meanings can be realized by representational structures which are 

subdivided into narrative and conceptual structure. Narrative structure represents “unfolding 

actions and events, processes of change, transitory spatial arrangements” (p.77); in contrast, 

conceptual structure represents the participants “in terms of their generalized and more or less 

stable and timeless essences, in terms of their class, structure or meanings” (p.77). Interactive 

meanings are generated by image acts, long /medium/close shot, horizontal angle, and vertical 

angle as well. Textual meanings can be analyzed by how visual elements are organized 

together. A triptych, originated from medieval religious paintings, is to arrange images and 

words by top-middle-bottom or left-middle-right. In contrast, a center-margin composition is 
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strongly influenced by Buddhist paintings. 

 

 

Figure1. Semiotic resources used to analyze three dimensions of meanings  

 

METHODOLOGY 

The method of content analysis is adopted to deal with the images from the chapter of 

biological classification in 6 textbooks from Australia and Taiwan. The overview of the 

samples is shown on Table 1. The majority of the original data are either image complexes or 

multiple representations. The unit of analysis is defined as an autonomous sign with border 

and participants which is not able to be analyzed. For example, figure 2 is an image complex 

with 6 units. The frog, shark, snake, owl, and lion are 5 units. All these five units together 

constitute another unit. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. An image complex of overt classification (cite from Wiley 1, 2005, p.177-178)              
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Figure 3. An image complex of covert classification  (cite from Kan-Shen 2, 2010, p.104, F4-35) 

 

According to the semiotic resources shown on Figure 1, a modified coding scheme is set up. 

In order to deal with the main ideas revealed by our data, biological classification, the code of 

‘classification processes’ (under ‘ideational meanings’ and ‘conceptual structure’) is further 

subdivided into ‘covert classification’ and ‘overt classification’. An image with covert 

classification is not easy to tell the hierarchical relation between contents (Figure 3). In 

contrast, an image with overt classification, such as a concept map in a tree structure, the 

ordering between taxonomies is explicit to tell (Figure 2).  

 

Table 1 

Overview of selected chapters and textbooks 

 Australian textbooks Taiwanese textbooks 

publisher Oxford Pearson Wiley Kan-Shen  Han-Lin Nan-I 

Copyright 2008 2006 2005 2010 2010 2010 

Title of the 

chapter 
Life on 

earth 

Classifi- 

cation 

Classifi- 

cation 

Life on 

earth  

Diversified 

living 

things 

Diversified 

living 

things 

Analyzed pages  21 32 24 39 31 39 

Images-complex 45 57 37 40 49 48 

Image unit 94 97 75 181 174 134 

%image/page 4.48  3.03 3.13  4.76 4.58 4.47  

 

Inter-coder reliability is assessed by the first author, second author, and an outsider. The 

outsider is an experienced high school teacher who majored in science education with PhD 

degree. A random sample of about 15% of images is coded by these three coders. The 

averaged value of agreement is 90.9%. 
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FINDINGS 

The comparison of ideational meanings between Australia and Taiwan 

According to the ordering of coding scheme, ideational meanings are analyzed in three-layer 

depth. The results of analysis in the first two layers are similar between countries (Table 2 and 

Figure 4). That is, both Australian and Taiwanese chapters use more conceptual structure to 

represent the concepts related to biological classification.  

 

Table 2 

The distribution of main image structures in the six samples 

 

 

 

 

 

 

 

Figure 4. The frequencies of subtypes of image structure in six samples 

 

The ideational meanings are not distinguished until the analysis of the third layer which 

reveals Australian chapters use more overt classification (Table 3). Instead, Taiwanese 

chapters use more covert classification.  

 

Table 3 

The distribution of two types of classificational structures in six samples 
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analytical 

classificational 
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 Oxford Pearson Wiley Kan-Shen  Han-Lin Nan-I 

Narrative structure 1.0% 4.0% 7.7% 7.7% 4.6% 7.4% 

Conceptual structure 99.0% 92.3% 95.4% 92.3% 97.8% 95.4% 

 Australian textbooks Taiwanese textbooks 

 Oxford Pearson Wiley Kan-Shen  Han-Lin Nan-I 

covert classification 46.2% 31.6% 42.1% 80.6% 74.2% 88.2% 

overt classification 53.8% 68.4% 57.9% 19.4% 25.8% 11.8% 
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The comparison of interactive meanings between Australia and Taiwan 

The images in Australian chapters are more skillful at generating intimate relations with 

viewers. The results on Table 4 indicate that Australian images can more easily attract viewers’ 

attention to enter the imagery world. Moreover, Australian images often represent the 

participants in frontal angle and close shot which can facilitate more involvement and social 

affinity. Last, more eye-level angle is taken in Australian images which can create more close 

interaction by equal power relations between reviewers and images. All these results agree 

that the image design in Australian chapters can build better interpersonal relations with 

students than Taiwanese counterparts. 

 

Table 4 

The distribution of variant interactive meanings in six samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

xx* indicate the semiotic resource can create close interpersonal relations with readers 

 

The comparison of textual meanings between Australia and Taiwan 

Textual meanings can be revealed by compositional arrangements and blank space which can 

separate information. Table 5 indicates that triptych only appears in Australian chapters. The 

distribution of center-margin composition is higher in Taiwan. Triptych is unique in Australian 

chapters; in contrast, Taiwanese seems prefer center-margin. Both arrangements have cultural 

or historical origins. These serve as evidences that science images in textbooks are 

socio-cultural embedded.  

 

 

 

 

 

Index  \ publisher Oxford  Pearson Wiley Kan-Shen Han-Lin Nan-I 

Image act 
offer 88.3% 72.0% 88.7% 100.0% 93.1% 95.4% 

demand* 11.7% 28.0% 11.3% 0.0% 6.9% 4.6% 

Involvement 

frontal* 51.8% 60.0% 47.2% 37.8% 22.6% 28.2% 

upper 19.6% 12.0% 18.9% 40.2% 50.0% 38.2% 

oblique 28.6% 28.0% 34.0% 22.1% 27.5% 33.6% 

Social 

distance 

long shot 20.0% 16.0% 1.9% 28.7% 48.0% 37.4% 

medium shot 33.3% 33.3% 69.8% 42.6% 46.1% 55.0% 

close shot* 46.7% 50.7% 28.3% 28.7% 5.9% 7.6% 

Power 

relations 

low angle 40.0% 37.0% 56.6% 58.1% 77.5% 66.9% 

eye level* 51.7% 57.5% 37.7% 38.0% 20.6% 32.2% 

high angle 8.3% 5.5% 5.7% 3.9% 2.0% 0.8% 
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Table 5 

The distribution of variant compositional arrangements in six samples 

 

Furthermore, to purposely leave large blank space is another evidence to prove that Australian 

textual meaning is different from Taiwanese counterparts (Table 6). According to the 

interviews with the textbook editors, Taiwanese chapters leave large blank spaces for students 

to take notes. This kind of arrangement is definitely not possible in Australian chapters since 

science textbooks there are school property on which any marking is illegal.  

 

Table 6 

The distribution of purposeful blank space in six samples 

 

 

CONCLUSION AND SUGGESTIONS 

Drawing on the grammar of visual design, three dimensions of image meanings serve as rich 

resources for the comparison of science textbooks between Australia and Taiwan. The 

difference of ideational meanings lies on the image structure of covert and over classification. 

Taiwanese prefers to use covert classification; whereas Australian prefers overt classification. 

The difference of interpersonal meanings results in the fact that Australian versions can 

skillfully construct closer relations with readers. The difference of textual meanings unfolds 

that image design is culturally embedded. Therefore, images from science textbooks can tell 

the cultural difference.  

 

The results imply that images with covert classification might be less efficient to help students 

distinguish hierarchical relations among biological classes. A further empirical study is 

suggested to examine whether this implication is true or not. Also, we suggest teachers pay 

attention to image structures which might be difficult for students to comprehend. Last, the 

results function as a good resource for textbook publishers, especially Taiwanese publishers, 

to revise their images.  

 

 Oxford Pearson Wiley Kan-Shen Han-Lin Nan-I 

triptych 69.6% 3.0% 23.8% 0.0% 0.0% 0.0% 

top-bottom 26.1% 87.9% 19.0% 54.1% 48.5% 63.2% 

center-margin 4.3% 9.1% 57.1% 37.8% 51.5% 26.3% 

others 0.0% 0.0% 0.0% 8.1% 0.0% 10.5% 

 Oxford  Pearson Wiley Kan-Shen Han-Lin Nan-I 

Blank 

space 
0.0% 0.0% 0.0% 29.7% 18.2% 34.2% 

Strand 10 Science curriculum and educational policy

1807



 

REFERENCES 

Cook, M. P. (2006). Visual representations in science education: the influence of prior 

knowledge and cognitive load theory on instructional design principles. Science 

Education, 90, 1073- 1091.  

Han, J., & Roth, W.-M. (2005). Chemical Inscriptions in Korean Textbooks: Semiotics of 

Macro- and Microworld. Science Education, 90, 173-201.  

Kress, G., & van Leeuwen, T. (2006). Reading Images：The Grammar of Visual Design. NY: 

Routledge. 

Lemoni, R., Lefkaditou, A., Stamou, A. G., Schizas, D., & Stamou, G. P. (2011). Views of 

nature and the human-nature relations: An analysis of the visual syntax of pictures 

about the environment in Greek primary school textbooks-diachronic considerations. 

Research of Science Education, on-line.  

 

Strand 10 Science curriculum and educational policy

1808



HOW DO FUNDED SCIENCE EDUCATION PROJECTS 
DISSEMINATE THEIR OUTCOMES TO TARGET 

AUDIENCES? ANALYSIS OF THE CURRENT STATUS 
AND RECOMMENDATIONS FOR MORE EFFECTIVE 
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Abstract: This paper presents an analysis of the dissemination strategies used in funded 
science education projects. Dissemination is considered here as the process by which, 
using certain strategies, projects’ outcomes are made available, comprehensible and 
usable to be adopted by potential users. That is to say, we do not consider dissemination 
as merely making results available but making them potentially exploitable. This study 
aims to identify difficulties and needs of several stakeholders involved in dissemination 
processes: project managers or researchers, science teachers, advisors of policy-makers, 
and science communicators. With this purpose, two instruments of data collection were 
designed: online questionnaires and on-line or face-to-face discussion events. The 
collected data allowed us to characterise the types of outcomes produced by a number of 
selected funded projects in science education, the target audiences for the dissemination 
purposes of these funded projects, the dissemination strategies used by these projects 
and their procedures for evaluating the quality of dissemination actions. This study 
allowed gaining an insight into the dissemination strategies used in funded international 
and national projects and their impact as perceived by different target groups. 
Furthermore, this study identified some needs that should be taken into account to 
recommend measures to improve how dissemination is planned and carried out. These 
recommendations are summarised in this paper. 

 

Keywords: Science Communication, Science Education Policy, Training and 
Development, Science Education projects, Dissemination and Exploitation 

 

RATIONALE AND PURPOSE 
There are multiple funded projects in science education around Europe each year. Most 
of them have the potential to change existing teaching and learning practices but their 
impact is sometimes poor and their outcomes are often not used in the way they could 
be. As stated by Hammersley (2000), the dissemination of research findings has been 
given increasing emphasis in recent years, particularly in the wake of critiques of 
educational research for failing to have an impact on policy-making and practice. Thus, 
educational policy-making continues placing emphasis on the dissemination of project 
outcomes as a mechanism for quality improvement in education.  
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This is also the focus of the DESIRE project, which is intended to analyze possible 
obstacles and facilitators to promote a more effective model of dissemination of science 
education projects’ outcomes, preventing them becoming ‘sticky’ to the origin context 
or rapidly lost. In this paper we present an analysis of the dissemination strategies used 
in funded science education projects in order to identify the needs of the agents involved 
in dissemination actions in order to suggest recommendations to improve current 
models of dissemination. 

Therefore, this study is intended to answer the following research questions: 

1. How are the outcomes from science education projects disseminated to target 
audiences? 

2. What recommendations do different target groups suggest to improve the 
dissemination strategies used in science education projects? 

 

THEORETICAL FRAMEWORK 
According to Rogers (2003), the diffusion of innovations, envisaged as the process by 
which an innovation is communicated through certain channels over time among the 
members of a social system, undergoes different phases, such as awareness, 
understanding, persuading, adopting (or rejecting), and re-inventing. This implies that 
any dissemination strategy should guarantee the availability of outcomes and it also 
should facilitate potential users’ understanding of these outcomes to promote their 
adoption and adaptation.  

There are those who seek to discriminate between the processes of dissemination and 
diffusion by asserting that dissemination is a systematic process and diffusion is more 
haphazard (Hughes, 2003). That is why we refer to dissemination of project outcomes 
instead of diffusion. 

Harmsworth et al. (2001) also express their idea of dissemination on educational 
development projects, from three different perspectives: 

• Dissemination for Awareness: It can be assumed that one wishes people to be aware 
of the work of the project since they might be trying to solve similar problems. 

• Dissemination for Understanding: There will be a number of groups that one will 
need to target directly since they might potentially benefit from what the project has 
to offer and so they would need a deeper understanding of the project results. 

• Dissemination for Action (i.e. changing practices by adopting project’s outcomes): 
The groups that are in a position to ‘influence’ and ‘bring about change’ within 
their organisations and that can benefit from the results of the project need to be 
equipped with appropriate resources in order to achieve real change. 

Taking into account the different perspectives, we consider dissemination as the process 
by which, using certain strategies, projects’ outcomes are made available, 
comprehensible and usable to be adopted by potential users. That is to say, we do not 
consider dissemination as merely referring to making results available but making them 
potentially exploitable. 

With the purpose of characterizing dissemination strategies that science education 
projects currently carry out, we take into account Hughes’ (2003) description of models 
of dissemination to bridge the so-called academic – practitioner gap. Figure 1 presents a 
synthesis diagram that includes four dissemination models, discussed by Hughes 
(2003), and the reference authors who first characterised these models (in blue colour). 
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The author refers to traditional models (e.g. diffusion model, cascade model) as those 
conceiving knowledge transfer as a rational and linear process, from basic to applied 
research and development, and then on to mass dissemination. These models assume 
that individuals will recognize and take up 'good' knowledge in a progressive and 
enlightened way. The main criticism to these traditional models is that they are top-
down, expert-driven and they portray the end user as passive and rational. It tends to 
portray knowledge as a parcel that can be easily passed from one individual to another, 
remaining intact in the process of transfer. 

Social constructivist models assume that information is communicated, or otherwise 
picked up and it becomes usable knowledge only when cognitively processed by the 
user. Moreover, these models conceive that knowledge will only be taken up if it 
appears relevant and useful to a potential recipient. It is, therefore, the job of the 
disseminator to make the relevance explicit. The criticism, though, is that, according to 
these models, disseminators seek to manipulate recipients' perceptions of new 
knowledge by identifying and gaining support of influential groups, and individuals, 
and by using strategies that worked with other innovations. Therefore, a lack of focus 
on development of local or context-based practice is associated to these models.  

The so-called sustained interactivity model enhances collaboration and partnership, 
interpersonal links, spread throughout a project to promote the use of outcomes. This 
model assumes that intermediaries are necessary because they provide linkage 
mechanisms that enhance the potential usefulness of research findings. However, this 
model is usually applied in small-scale projects that are time-consuming, and although 
the researcher is clearly given a service role, the power relations between academics and 
teachers confine the practitioner to the role of client rather than full partner, let alone the 
producer or initiator of research. 

Finally, the Model 2 knowledge model assumes that practising teachers are at the heart 
of creation of quality knowledge about effective teaching applicable in classrooms, and 
researchers are closer to them working in networks of practitioners and academics. 
Knowledge is applied, problem-focused, and demand-driven. This model seeks to take 
account of context factors influencing knowledge disseminated.  

 
Figure 1. Models of dissemination as described in the literature. 
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METHODS 

Data collection 
Two types of instruments of data collection were designed: 

• On-line questionnaire 

Drawing upon the study on dissemination strategies carried out by Saywell, Cotton and 
Woodfield (1999), we designed and pilot-tested three different on-line questionnaires on 
dissemination strategies used in projects to reach different stakeholders. Later, these 
questionnaires were administered to: science education projects’ managers and 
researchers (Q1), science teachers (Q2), and advisors of policy-makers (Q3). The 
sample was selected after elaborating a list of 46 research and/or innovation projects in 
science education funded by the European Commission under different programmes, by 
national public institutions or by other organisations. The managers of these projects 
were contacted to send them the link to Q1 and to request their collaboration in sending 
Q2 to teachers who had been involved in the projects they had managed. Finally, 
several advisors of policy-makers were asked to complete Q3. 

The three questionnaires included closed-ended questions (multiple choice, matrix of 
choices, 5-points Likert scale) and open-ended questions. 

From these questionnaires, the following data were collected: responses from 26 project 
managers about 26 different projects, responses from 105 science teachers about 21 
different projects, and responses from 15advisors of policy-makers about 10 different 
projects. 

In sum, data were collected from stakeholders involved in 31 national and European 
science education projects represented in Figure 2. 

 

Figure 2. Projects from which data were collected using the questionnaires designed in 
the DESIRE project. 

 

• On-line or face-to-face discussion events 

Several discussion events were held during the DESIRE project, most of them took 
place on-line through forum in the project’s website. The discussion events on the topic 
of dissemination were organised and addressed to different target groups: science 
education project managers or researchers, science teachers, advisors of policy-makers, 
and science communicators (i.e. science centre / museum professionals, and science 
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event organisers). These events allowed collecting opinions, reflections, experiences 
and needs of dissemination from several agents involved in the dissemination of project 
outcomes. 

Data analysis 
In order to answer the aforementioned research questions, we performed a qualitative 
analysis intended: 

• To interpret connections among dissemination strategies and outcomes to be 
disseminated or among dissemination strategies and target audience. 

• To identify possible differences among projects funded by different funding sources. 
• To identify target audiences’ needs regarding dissemination. 

 

RESULTS 

On current dissemination practices 
As shown in Figure 3, one of the results of the analysis of the questionnaires is that a 
significant number of project managers, science teachers and policy-makers consider 
that they do not receive too much information from funded projects in science 
education. This result supports the need for finding new ways to disseminate projects’ 
outcomes in order to contribute to bridge the research-practice gap. 

 

Figure 3. Different target audiences’ appraisal of the amount of information received 
from funded projects (expressed in %).  

As shown in Figure 4, the results of this study also provide evidence that almost all 
science education projects (96%) are intended to reach teachers and professors. This is 
the common target audience that most of science education projects share. About 75% 
of funded science education projects also intend to reach other target audiences such as 
teacher trainers, policy-makers and other project managers. Less than a third of the 
analysed projects intend to reach science events’ organisers, science centres’ managers, 
editorials or other society agents like parents or industries. The most noticeable 
difference when comparing projects funded by different institutions is that projects 
funded by the 7th Framework Programme (FP) of the European Commission seem much 
more devoted to disseminate their outcomes among a wider range of society agents such 
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as parents or industries (46%) than projects funded by the Lifelong Learning 
Programme (LLP) (14%) or national or academic projects (0%).   

 

Figure 4. Target audience of science education projects (N = 23 project managers) 

As shown in Figure 5, the previous results are consistent with the fact that most of the 
analysed projects (81%) disseminate teaching/learning materials as main outcomes. 
Other types of outcomes that are also frequently disseminated (more than 50%) consist 
of guidelines of good practices, networks of people and teacher training materials. On 
the contrary, literature reviews, empirical findings and theoretical contributions are not 
common outcomes to be disseminated.  

 

Figure 5. Types of projects’ outcomes disseminated by funded projects (N = 26 project 
managers). 
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The only type of project outcome that presents significant differences depending on the 
funding source seems to be the repositories of resources. 71% of science education 
projects funded by the LLP produced and disseminated such type of outcome whereas 
only 47% of projects funded by the 7th FP did it. Any academic or national project did 
not produce and disseminate this kind of outcome. This result might be related to the 
priorities of certain calls and funding institutions. For example, the 7th FP tends to fund 
research and development projects and coordination actions much more than the LLP. 

From the stakeholders’ perspective, the types of outcomes that have lower impact 
among teachers and advisors of policy-makers are: reviews of already existing literature 
or studies, theoretical contributions and findings from empirical research studies. 
Surprisingly or not, teachers expressed that they do not frequently reach assessment 
materials, which could be considered problematic taking into account that assessment is 
a key aspect which should accompany any innovation process intended to change 
educational practice. It is also noticeable that just one third of teachers recognised that 
they had reached teacher training materials. This might be interpreted as a lack of 
teacher training of some funded projects. 

Regarding the dissemination strategies that are used in the analysed funded projects to 
reach their target audience, Table 1 summarizes the main types and also the frequency 
of use of these strategies in the projects that have been analysed.  

 

Table 1 

Strategies used by project managers to disseminate project outcomes 

Types of 
dissemination 

strategies 
Specific dissemination strategies # of projects 

(*) 

Text-based 
strategies 

Public project documents / reports 14 

24 
Articles in academic, refereed journal 5 
Articles in professional journals / magazines 3 
Brief documents (e.g. brochures, leaflets) 6 
More than one text-based strategy 11 

Media-based 
strategies 

E-mail lists (e.g. newsletters) 5 

24 
Internet (e.g. portals, websites, videos) 17 
Popularization / Mass media (e.g. TV) 0 
Online social networking (e.g. blogs, forum) 0 
More than one media-based strategy 16 

Face-to-face 
strategies 

Traditional events (e.g. conference, seminar) 13 

23 Participatory techniques (e.g. community of practice, 
workshop) 

9 

More than one face-to-face strategy 15 
(*) 24/26 project managers provided this information 

 

These results show that funded projects intend to reach teachers and teacher trainers 
using multiple strategies: (i) text-based (e.g. reports, papers), (ii) web-based (e.g. project 
websites), and (iii) face-to-face (e.g. conferences, workshops). The combination of 
dissemination strategies is considered (NCDDR, 2001) a factor that facilitates 
dissemination. In fact, the findings show that teachers and teacher trainers are the only 
target audiences that are involved in face-to-face participatory techniques, such as 
workshops and communities of practice, whereas other target audiences like policy-
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makers and other projects managers, are usually reached by a fewer number of 
dissemination strategies such as public reports, articles, websites and traditional face-to-
face events. 

Similarly, the findings from this study show that project outcomes such as teaching and 
learning materials or teacher training materials are mainly disseminated combining 
reports, brief documents, websites and participatory techniques among other face-to-
face events. Outcomes like empirical research findings, theoretical contributions or 
reviews are mainly disseminated using text-based strategies such as reports, and 
academic or professional journals, as well as websites and face-to-face traditional events 
such as conferences. Finally, networks of people and repositories of resources are 
usually disseminated through public reports, brief documents, websites, and face-to-face 
events. 

In sum, the project managers’ choices of dissemination strategies depend on the type of 
project outcome intended to be disseminated and are adapted for different stakeholders. 
However, all stakeholders recognise that other channels through which they usually get 
informed are e-mails, brief documents and social media, although project managers do 
not seem to prioritize these channels. 

Finally, although most project managers who participated in our study recognized to 
feel satisfied about the dissemination plan and actions they had carried out, it is also the 
case that many of them claim that it is difficult to appraise the quality of dissemination 
actions since they lack of criteria and tools to evaluate it. The most common criterion of 
evaluation is the number of people who are reached using a certain dissemination 
strategy implemented in the project. This quantitative indicator seems necessary to 
evaluate whether dissemination actions make project outcomes available to the target 
audiences. However, this criterion does not seem to evaluate dissemination actions 
thoroughly considering that dissemination also means making project outcomes 
understandable and usable in order to facilitate their use or exploitation. Other 
qualitative indicator used in projects refers to target audiences’ perception of the quality 
of the project. This criterion might allow evaluating whether target audiences consider 
that dissemination channels are usable and the outcomes are clear, useful and ready to 
be used in practice. However, this criterion is not so used to measure the quality of a 
dissemination plan since it would require surveys or interviews to participants or 
elaboration of case studies. Therefore, there seems to be a need for developing 
instruments and/or indicators that allow appraising the quality of dissemination actions. 

 

On specific needs for dissemination of science education projects’ 
outcomes 
The analysis of the data collected from the questionnaires allowed identifying specific 
needs or difficulties either to disseminate or to reach projects’ outcomes that all 
involved stakeholders emphasized. Table 2 summarises the types of needs for 
dissemination stressed by each target group and the percentage of people from each of 
these target groups who mentioned these needs. 
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Table 2 

Specific needs for dissemination of project outcomes 

Specific needs for dissemination Project managers Teachers Policy makers 

Time constraints 25% 34% 40% 

Resource constraints (e.g. funding, 
technology, human) 

11% 22% 20% 

Lack of active involvement of the 
target audience 

35% 38% 36% 

Underuse of already existing 
resources or networks 

34% 50% 18% 

Low outreach of the target 
audience (i.e. number or variety) 

14% 25% 30% 

Language barriers - 26% 50% 

Barriers related to the style of 
dissemination channels 

- 26% 20% 

Lack of support from partners in 
the project 

- 18% - 

Lack of support from colleagues in 
one’s own context 

- 44% - 

 

Data from questionnaires and from discussion events also allowed collecting 
experiences and suggestions on how to improve the dissemination strategies that are 
currently used in funded science education projects. Table 3 presents some of the 
recommendations derived from the aforementioned needs or difficulties. 

 

Table 3 

Recommendations from stakeholders on how to improve dissemination strategies 

Specific needs for 
dissemination 

Recommendations 

Time constraints Projects devoted to produce outcomes might be followed by 
projects specifically addressed to disseminate and exploit those 
results  

Resource constraints (e.g. 
funding, technology, 
human) 

Incentives (e.g. remuneration, recognition, training, equipment 
for school) should be provided to teachers and other 
stakeholders so that they  engage in reaching and using 
projects’ outcomes 

Lack of active involvement 
of the target audience 

Stakeholders should be involved as intermediaries, 
ambassadors or members of an steering committee from the 
beginning of a project to act as multipliers at a regional / 
national level 

Underuse of already 
existing resources or 
networks 

Strong contact and cooperation should be established with 
local teacher training institutions and programmes, reference 
centres, databases (e.g. Scientix), and networks addressed to 
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similar topics (e.g. ProCoNet). New teachers’ networks should 
be potentiated after the end of a project for scaling up 

Low outreach of the target 
audience (i.e. number or 
variety) 

Mass media (e.g. newspapers) and social networks (e.g. local 
and international) should be used more often in order to have a 
larger impact among teachers. Conferences, seminars and 
workshops are one of the best ways to gain new knowledge 
and inform teachers and policy-makers about projects. 

Language barriers Dissemination materials should be provided in other languages 
than English and more dissemination initiatives (e.g. 
conferences) should be organised at a local or regional level 

Barriers related to the style 
of dissemination channels 

Projects should document experiences and present them in a 
flexible way (e.g. case studies, scripts for teachers, movies of 
educational activities, evidence-based books for teachers) in 
order to spread good practice and generate adaptive processes 
so that stakeholders can learn from past experiences. Brief and 
concise messages may facilitate the communication between 
researchers and other stakeholders. The usability of some 
dissemination channels  (e.g. websites) should be improved so 
that people do not get lost 

Lack of support from 
partners in the project 

Guidelines and support should be provided to stakeholders so 
that they can use what has been disseminated. These guidelines 
should take account of the curriculum, school organization, 
teachers’ current practices, etc. 

Lack of support from 
colleagues in one’s own 
context 

Local consulting commissions should be developed involving 
teachers, researchers, students’ families, school principals and 
administrators, and other relevant actors 

 

CONCLUSIONS 
The diverse data collected through the three questionnaires administered to different 
agents (i.e. project managers, teachers, and policy-makers), who are involved in the 
management and execution of STEM education projects, have allowed us to analyse and 
understand how managers of funded projects plan and carry out dissemination actions, 
which obstacles are perceived by different stakeholders to reach projects’ outcomes and 
what needs they have. Furthermore, the discussions that took place in the (online or 
face-to-face) discussion events have enriched our understanding on the needs that 
different target audiences may have regarding dissemination, giving them a voice to 
make suggestions about how to improve the dissemination models that are usually 
applied within funded projects. 

Our results show that a significant number of project managers, very active teachers and 
policy-makers consider that they do not receive too much information from science 
education projects. Given this situation, it seems necessary to look for improved ways to 
carry out the dissemination of projects’ outcomes in order to overcome the gap between 
different stakeholders. 

Comparing projects’ managers intentions with regards to dissemination and the impact 
of specific actions perceived by different stakeholders, some needs have been identified 
that should be taken into account in order to improve how dissemination is carried out. 
As evidenced in the discussion events, some project managers have some reservations 
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about using participatory techniques as dissemination strategies since they are 
considered very demanding and time-consuming, they require a lot of involvement of 
all parts, and they do not tend to have impact at a large scale. There seems to be also 
some pressure for scaling up innovations so that research-based practices are more 
widely spread among teachers. Given this appraisal, we can interpret that project 
managers decide to invest time and effort to use participatory techniques in case they 
intend to reach and have a deep impact on the main target audiences and potential users: 
teachers and teacher trainers.  

While teachers seem to be keener to use dissemination strategies that support them in 
their teaching practise and that allow them to interact and network with other teachers 
and researchers (e.g. face-to-face strategies, social media, etc), other target audiences 
such as policy-makers and science museum organisers stress the need for more media-
based dissemination strategies such as online portals that are considered by practitioners 
a reference contact point that may facilitate the search for projects’ outcomes. All of 
them agree on the need for involving target audiences throughout the lifetime of 
projects as intermediate stakeholders in order to have a higher impact in practice, 
playing and active role in the dissemination plans and actions. 

Concerning the characteristics of the dissemination strategies, our results evidence that 
teachers and policy-makers recognize that main dissemination strategies through which 
they reach projects’ outcomes (i.e. project reports, websites and traditional events) 
usually use English as a preferential language and take a considerable amount of time. 
This does not facilitate to overcome the gap between research and practice or research 
and educational policy. For instance, according to different reports (Anastopoulou, 
2010; CIHI, 2004), researchers and policy-makers are driven by different incentives and 
reward structures, and they have different timeframes for action. Moreover, policy-
makers recognize that they often do not have the time to pay attention to project results 
published in the style and media typically used by researchers. Some teachers also 
emphasize the need for including dissemination materials in other languages than 
English and the need for organizing more dissemination initiatives (e.g. conferences) at 
a local or regional level. 

As it is also supported in this study, one of the facilitators of dissemination that should 
be considered consists of providing incentives or rewarding systems (e.g. equipment for 
the school, training, human mediation and support) provided to teachers. 

According to the models of dissemination described by Hughes (2003), most of the 
projects on science education currently funded seem to combine dissemination channels 
and strategies characteristic of traditional linear models and social constructivist 
models (e.g. wide use of reports, websites and conferences as dissemination channels, 
face to face participatory techniques to interact with stakeholders). 

However, recommendations from stakeholders tend to advocate for dissemination 
models which assume wider involvement of stakeholders and already existing 
institutions and networks as intermediaries with an active role in dissemination actions, 
which is characteristic of the sustained interactivity model. At the same time, 
stakeholders recommend to take account of contextual factors influencing 
dissemination, stressing the need for overcoming language barriers, aligning the 
outcomes with curriculum, school organization, and teachers’ current practices, 
organising local consulting commissions, etc. These recommendations are also 
consistent with the Mode 2 knowledge model. 
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In sum, the results of the Desire project point out some measures that might be carried 
out in order to improve how dissemination of science education projects’ outcomes is 
usually planned and carried out (Debry et al., 2013). 
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Abstract: Secondary aged students’ understanding of the nature of scientific knowledge and 

practices varies, and is often characterised as ‘unsophisticated’. What is more, widely held 

stereotypes of scientists as middle-aged white men in lab coats are also reported to dominate 

students’ views of scientists and their work.  Even though currently there is extensive research 

evidence on students’ understanding about science and ways to improve it, these are restricted 

to ‘school science’ and do not provide students with any insight of scientists and ‘science-in-

the-making’. We argue that a way to provide students with a more informed view of scientists 

and their work is to provide them with the opportunity to learn about science in an authentic 

science environment from practicing scientists. Thus, the purpose of this study was to explore 

the value of such student-scientist interactions. For that reason, 20 scientists from 8 different 

professional areas were asked to each share their experiences of becoming and being a 

scientist in short 20-minute sessions, with groups of 7-8 students. The student sample 

consisted of 180 Year 9 students (14-15 years old) and 43 Year 8 students (13-14 years old). 

Student and scientist questionnaires were used before and after the ‘Meet the Scientist’ 

sessions to assess students’ views of scientists and their work, and scientists’ experiences of 

interacting with students. The pre-session questionnaires revealed that students considered 

scientists as ‘boring’ and ‘nerdy’ whereas after their ‘Meet the Scientist’ sessions they 

focused extensively on how ‘normal’ the scientists appeared to be. The face-to-face 

interactions with scientists, allowed students to view scientists as approachable and normal 

people, and to begin to understand the range of scientific areas and careers that exist. The 

student-scientist interactions were also valuable for the scientists, who saw this opportunity as 

a vehicle for science communication.  

Keywords: student-scientist interactions; secondary education; views of science; science 

communication 

INTRODUCTION 

Science – both as a practice and a product – is an integral part of everyday life and therefore, 

the ability to understand and evaluate scientific findings critically is a requirement of 

contemporary societies (Giere, 1991). Yet, it is now well documented that secondary school 

students’ understanding of the nature of scientific knowledge and practices varies, and is often 

characterised as ‘unsophisticated’ (Lederman, 2006). What is more, widely held stereotypes 

of scientists as middle-aged white men in lab coats are also reported to dominate students’ 

views (Barman, 1999; Chambers, 1983; Finson, 2002). These stereotypes, often reinforced by 

the way that scientists are portrayed in the popular media offer a partial and misguided view 

of scientists and their work (Reis & Galvao, 2007). As a result, students distance themselves 

from science and begin to consider it as ‘not for me’ (Archer, 2013; Archer, DeWitt, Osborne, 

Dillon, Willis & Wong, 2010), and this has consequences in their decision to follow a science 

career. Attempts to improve students’ views of the nature of science (NOS) and of scientists 

often focus on incorporating explicit teaching of aspects of the NOS in science instruction 

(e.g. Khishfe & Abd-El-Khalick, 2002), or through the history of science (e.g. Abd-El-
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Khalick & Lederman, 2000). Even though these attempts have been found to be effective at 

times, they are restricted to ‘school science’ and do not provide students with any insight of 

scientists and ‘science-in-the-making’. We argue that a way to provide students with a more 

informed view of these aspects is to provide them with the opportunity to learn about science 

in an authentic science environment from practicing scientists. Yet, there are only a few 

studies that provide an insight into the effects and value of scientist-student interactions (e.g. 

France & Bay, 2010; McCombs, Ufnar & Shepherd, 2007). Thus, the two research questions 

guiding this study were: 

RQ1: What is the value of interactions between scientists and students for the development of 

students’ views of scientists and their work? 

RQ2: How can interactions between scientists and students help facilitate effective 

engagement of scientists with young people? 

THEORETICAL FRAMEWORK 

Students’ views of scientists and their work 

Students’ views of scientists and their work has been the subject of various studies for a 

number of years (e.g. Chambers, 1983; Barman, 1999; Finson, 2002; Hubert & Burton, 1995; 

Ruiz-Mallén & Escalas, 2012). Chambers (1983) first used the ‘draw-a-scientist’ test (DAST) 

to determine students’ views of scientists and their work and to establish at what stage of 

children’s lives these views develop. Using seven common indicators identified in the 

literature (lab coat, eyeglass, facial growth of hair, symbols of research such as instruments 

and equipment, symbols of knowledge such as books, technology, and science-related 

captions such as symbols and equations) he analysed the drawings of almost 5000 primary 

school children. He found that stereotypical images of scientists started developing in the 

second year of schooling and that these became stronger and more prevalent as children got 

older. Chambers (1983) also found that some children attributed negative images to scientists 

such as portraying them as monsters and ‘mad scientists’. More recent studies such as that 

conducted by Newton and Newton (1998) in the UK context, and Buldu (2006) in Turkey, 

have yielded results similar to that of Chambers (1983). Further, Hubert and Burton (1995) 

found that middle school boys hold more stereotypical images of scientists than girls. Fung 

(2002) compared primary to secondary students’ images of scientists using the DAST and 

found similar trends with older students having more stereotypical images of scientists that 

younger students and with scientists portrayed as predominantly male.  

A different approach to the traditional ‘draw-a-scientist’ tests is reported by Dagher and Ford 

(2005), who studied students’ images of science and scientists through written science 

biographies and found that the students’ written accounts focused more on the final product of 

the scientists’ work and less on the processes they went through in developing their scientific 

explanations. They found that students focused predominantly on the experimental nature of 

science and the ways in which scientists reached their conclusions. Personal characteristics 

were ascribed to scientists, such as hobbies and interests, but this was as a result of the 

students researching and reading about their chosen scientist before writing their biographies, 

and not the way in which students viewed scientists and their work in general.  

These views are persistent, even after a number of years of research into ways of improving 

students’ views of scientists (Finston, 2002). One reason might be the way in which scientists 

are still portrayed in social media, and how the stereotypical images of scientists are 

maintained through the social media. Reis and Galvao (2007) report two cases of students that 
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also provided narratives of scientists. The analysis of the students’ narratives and interviews 

showed that these two students’ stereotypical and negative perceptions of scientific activity 

were influenced by the way scientists’ work was portrayed in the media. Thus, they suggest 

that explicit discussions of such images should be taking place in science classrooms in order 

to elicit and address such conceptions. The ASPIRES project,  which investigates students’ 

science aspirations in the UK at ages 10-14, reports that although 10/11 and 12/13 year-old 

students find science enjoyable and believe that scientists do valuable work that can make a 

difference in world, only a handful of them aspire to be a scientist at this age (Archer, 2013). 

Archer and her colleagues (Archer, 2013; Archer et al., 2010) attribute this discrepancy 

between science interest and science aspirations to factors such as the lack of career advise at 

this stage of the students’ schooling. For instance, they report that in the UK, most students at 

ages 10-14, and many parents, believe that science qualifications can lead to careers such as 

becoming a doctor or teacher, but are not aware of the wide range of post-16 opportunities 

provided by gaining science qualifications. Archer et al. also point out the fact that schools 

often fail to convey to students how studying a science-related degree post-16 might be 

valuable in gaining access to a wide range of careers. Consequently, there is a need to address 

students’ views of scientists and their work within formal education to allow students to 

develop an inclusive view of science and its practices. One way to do so, is to create 

opportunities for students to interact and learn with, and from, practicing scientists.  

 

Scientist-student interactions  

The literature on scientist-student interactions is drawn mainly from summer school 

programmes and apprenticeship evaluations (e.g. Bell, Blair, Crawford & Lederman 2003; 

Bleicher, 1996; Hsu, Eijck & Roth, 2010; Knox, Moynihan & Markowitz; 2003; Rahm, 2007) 

and focus on how these programmes have influenced students’ attitudes towards science and 

students’ conceptual and epistemological understanding. For instance, Knox, Moynihan and 

Markowitz (2003) investigated the impact of a summer school program that took part in a at a 

university research facility over a number of years on students interest in science and their 

perceived skills in laboratory work. They have found that students’ interactions with scientists 

and opportunities to engage in hands-on science in authentic science microbiology labs had a 

positive influence on these students’ attitudes towards science and their enthusiasm about 

science careers. Similarly, Gibson and Chase (2002) have found that students that have 

participated in a summer school program have developed more positive attitudes towards 

science and towards science careers compared to students that did not participate in the 

summer school program.  

Bell et al. (2003) found that students that had taken part in an 8-week science apprenticeship 

program working alongside scientists covering a range of science procedures including 

research design, data collection, and data analysis, did not change their views of scientific 

inquiry and the nature of science considerably. Bell et al. (2003) argue that the extent to 

which explicit discussions about the NOS and scientists’ work were vital for whether students 

would change or not their NOS views. The only student of the 10 participants that shifted 

his/her views of scientific inquiry was the one that had some explicit discussions about the 

nature of scientific knowledge and investigations with her scientist-mentor. This demonstrates 

the important role that scientists have in such interactions with students, and that just doing 

science, even if it is in an authentic context does not necessarily mean that students’ will gain 

an informed understanding of the nature of scientific practices and even the range of activities 

that scientists need to engage on an everyday basis. Thus, time for scientists to discuss and 

reflect about their work with students might be required in addition to the authentic hands-on 

experiences that students are given.  
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The importance of providing audiences with opportunities to actively engage with scientists is 

also discussed in science communication events at museums and science centres. Wilkinson, 

Dawson and Bultitude (2012) found that providing opportunities for asking questions is a way 

to make the public more engaged in discussions and interactions with scientists. France and 

Bay (2010) investigated scientist-student interactions and analysed the nature of the 

questioning produced by students during these sessions.  Prior to the session, they asked 

students to identify a question they would like to ask, and at the conclusion of the meeting 

with the scientists, students were asked to state which question asked they thought was the 

best during the discussion. An analysis of these questions identified five different areas of 

interest for the students. These were a) science information with questions focusing on 

procedural and conceptual aspects of the science discussed b) citizen decisions, which were 

questions that focused on the applications of science; c) questions that focused on the nature 

of scientific disciplines and how science works, and d) personal responses, with questions that 

aimed at making links between the science discussed and the students’ lives. France and Bay 

(2010) state that the questions students chose to ask or considered important indicates 

students’ attempts to not only engage with the content and processes of science but also its 

applications and implications. What is more, comparison of the intended questions to those 

that students considered as the best revealed that students became increasingly more 

interested in the personal life histories of the scientists and focused less on science careers. 

CONTEXT OF STUDY 

The Meet the Scientist sessions are part of a wider initiative at the University of Southampton 

to promote health literacy through science. The LifeLab project aims to engage 11-16 year old 

students with the science behind chronic diseases and enable them to discover first hand, how 

their diets and lifestyles lay the foundations for a healthier life, and how their own health is 

linked to the health of the children they may have in the future (Grace et al., 2012; Grace et 

al., 2013). The programme involves a continuing professional development (CPD) day for 

school teachers, a scheme of work incorporating lesson plans and resources for 4 pre-lessons 

and 6 post-lessons of a “hands-on” practical day at the a hospital-based science classroom. As 

part of this day, students take part in Meet the Scientist sessions where they have the 

opportunity to meet and talk to scientists, both from academic and clinical backgrounds. This 

study focuses on the latter part of the activities that students undertake during their visit to the 

hospital-based science classroom.  

METHODOLOGY 

To answer our research questions, 20 scientists from 8 different professional areas 

(bioengineering, genetics, cancer research, asthma research, nutrition, cardiovascular 

research, placental research, and bone and joint research) took part in this study. The student 

sample consisted of 180 Year 9 students (14-15 years old) and 43 Year 8 students (13-14 

years old). Students were put into groups of 7-8 and each group attended two Meet the 

Scientist sessions on the same day, each lasting between 10 – 20 minutes. Each scientist run 

between 1 to 4 sessions, with a total of 49 sessions recorded. Students were aware that they 

would be meeting and talking to scientists, and were encouraged by their science teachers to 

formulate questions they would like to ask during the sessions. This approach was partly 

based on that described by France and Bay (2010), who also conducted similar student-

scientist sessions with older students. The discussions taking place during the sessions were 

not guided by the researchers in any way. Scientists that agreed to take part were informed 

that they would have short sessions with secondary school students where they would be 

providing information about their work as scientists and would be answering students’ 

questions.  
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A mixed methods approach to collecting and analysing data was used (Creswell, 2009). Data 

collection methods included pre- and post-session student questionnaires and audio-

recordings of the 49 Meet the Scientist sessions. Supplementary data included interviews with 

some of the participating teachers and scientists’ comments and impressions of the sessions 

they led, which were recorded after the Meet the Scientist sessions. The student questionnaires 

aimed at assessing students’ views of scientists and their work. As discussed previously, the 

‘draw-a-scientist’ test is a commonly used tool in investigations of students’ views of science. 

However, it also imposes some challenges such as the fact that it often forces students to 

make a choice (Barman, 1999). For instance, students are required to choose their scientist’s 

gender, ethnicity and surroundings, although these might not necessarily be representative of 

their views of how scientists look like or what they do. As the student participants of this 

study were old enough to be able to provide short written descriptions expressing their views, 

a questionnaire was used to collect their perceptions of scientists and of their expectations 

from the Meet the Scientist sessions in a descriptive manner. Questions included asking 

students to ‘describe what they think scientists do’, ‘was there, if anything, that surprised you 

about the scientists’ and was there anything else you would like to ask he scientist’.  

The qualitative data from the 49 sessions were transcribed verbatim and then coded 

thematically using qualitative software analysis Nvivo. A grounded approach to data analysis 

and the constant comparative method (Glaser & Strauss, 1967) were employed in the analysis 

of transcripts from the Meet the Scientist sessions. An iterative cycle of revision and 

refinement of the categories identified took place (Patton, 2002). One member of the research 

team conducted the first round of analysis and then a second member applied the same 

framework to all the transcripts. Inter-rater agreement reached 100%. The analysis of the 

student questioning during these sessions was theory-driven, based on France and Bay’s 

(2010) categorisation of student questions.  

FINDINGS 

Students’ views of scientists and their work 

The pre-session questionnaires required students to note any words they associated with 

scientists. For instance, one student wrote ‘boring lives, glasses, clever/nerdy, got a degree’, 

and another noted that scientists are ‘intelligent and boring people’. Figure 1 provides a 

synopsis of the words used to describe scientists. As presented in Figure 1, students also used 

descriptors such as ‘patient’, curious and creative, although these were not as frequent, as 

‘clever’.  

 

Figure 1: The most frequently used words to describe a scientist 

Following the session, students were asked what (if anything) had surprised them about the 

scientists they met. The most common themes emerging from the analysis of the post-session 

questionnaires focused on the scientists’ appearance and personality. Students focused 
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extensively on how ‘normal’ the scientists appeared to be, with one student stating that the 

scientists they met ‘were just normal people, and very unlike mad scientists in films’. It was 

clear the students realised that scientists were ordinary people, with their own hopes and 

concerns, and that there were many different jobs/careers, which use science and various 

routes into such careers. Figure 2 illustrates the main elements that students found surprising 

about the scientists they met. 

 

Figure 2: Students’ most frequent replies to the question: What (if anything) surprised you 

about the scientists you met’ 

The way the scientists communicated with students (at their own level and as ordinary people) 

had also pleasantly surprised the students, who commented in their post-questionnaire that the 

scientists ‘could talk at our level’. It therefore appears that one of the most important impacts 

of the sessions was the change in view from scientists as an elite club to ordinary people like 

themselves. 

Meet the Scientist: student-scientist interactions   

In order to answer RQ2, the interactions of scientists and students during the Meet the 

Scientist sessions were analysed.  This analysis aimed to provide some insight to the types of 

session structures and content that students are more likely to participate actively in, and to 

provide an indication of the types of information that students are interested in discussing in 

such situations. The results of the thematic analysis are presented in Table 1. The following 

sections present our findings on the nature of interactions that took place based on (a) the way 

that the scientists structured their sessions and discussed their work, (b) the extent to which 

scientists made attempts to engage students with prompts, establishing links and discussing 

applications of their work and (c) the way in which students engaged in the sessions through 

their questioning. 

Scientists’ discursive actions and structure of sessions  

The thematic analysis of the discursive interaction between scientists and students presented 

in Table 1 shows that in all 49 sessions, scientists spent some time discussing and describing 

to students the nature of their work. Scientists mostly discussed the nature of their work by 

describing to students the area in which they were working, the aims of their work and often, 

the applications or potential findings. Most of the participating scientists came from scientific 

disciplines relating to human biology and in particular, the area of cancer research. As a 

result, most of the instances in which the applications or consequences of the scientists’ work 

related to cancer treatment, finding a cure and the challenges of that. Describing the nature of 

their work focused on discussions about what the scientists were aiming or hoping to find out 

through their research. It was interesting that most of the scientists also provided a short 
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rationale for their work based what is known so far in their subject area and what they are 

hoping to find through their own work.  

 

As the scientists started discussing the nature of their work, they would start prompting 

students about scientific content, in an effort to elicit what they already know about their 

subject area. For instance, one scientist began her session by describing the nature of the 

scientists’ work and in doing so, providing content information. At times the concepts 

presented to students were too advanced for the students’ level, although as will also be 

discussed in the following section, students’ asked questions that focused on subject matter.  

Student engagement and participation in the Meet the Scientist sessions 

Engagement and interaction during the Meet the Scientist sessions was explored based two 

aspects. The first was attempts by the scientists to present their work to a level that the 

students could understand, either by using materials (e.g. images, videos, posters, 

microscopes, ultrasound machine) to explain concepts or aspects of their work to the students, 

or by making links between their work and personal experiences or values with which the 

students could relate. Images or other prompts were used in 33 sessions by 19 scientists. 

Attributing personal values or experiences to their work, was another common theme 

emerging from many of the sessions recorded. More than half of the scientists (14/20) 

attempted to engage students by making their work relevant or personal to the students’ lives 

or interests, at least in one of the sessions they led.  

The second way in which engagement was explored was based on the questions that the 

scientists asked or promoted the students to ask. Scientists were proactive in asking students 

questions with 15 of the 20 scientists asking students if they had any questions for them 

regularly throughout their sessions. What is more, 8 scientists began their sessions by 

initiating discussion and ‘question and answer’ exchanges with their groups instead of 

beginning their sessions with a presentation. This way of starting the sessions seemed to 

Table 1 

Coding scheme derived from the Meet the Scientist transcripts  

Coding theme 
Sources 

(frequency) 

Scientist discusses nature of their work 49 (143) 

Scientist discusses applications or consequences of their work 34 (60) 

  

Scientist provides information on science careers 36  (92) 

Scientist discusses students’ science interests and career prospects 26 (86) 

Scientist discusses his/her own career pathway 26 (34) 

  

Scientist uses analogies, metaphors or examples  39 (75) 

Scientist provides content information 37 (201) 

Scientist elicits students’ knowledge or understanding of a concept  35 (97) 

  

Scientist explains why their work and/or science is exciting or important 25 (43) 

Scientist discusses ideas about science and its purpose (NOS) 30 (58) 

Scientist discusses ideas about scientists-appearance 7 (12) 

Scientist discusses ideas about scientists-personality characteristics  7 (12) 
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engage students more since it made the students the focal point of the session, and not the 

scientist.  

Eliciting knowledge and understanding was a strategy used by almost all the scientists at 

some point in the session and aimed at establishing the students’ current understanding of 

concepts explored. However, this was also a strategy that some scientists relied on to engage 

students and increase participation. For instance, one of the scientists, used this strategy 

throughout her session. By asking questions, she elicited students’ ideas about what the work 

of a public health nutritionist (her area of work) would involve and then she had the students 

brainstorming about the areas in which she could be potentially investigating. She said:  

‘we’re doing an intervention at the moment with women of childbearing age that 

are having young babies or that have children under the age of five and what 

we’re trying to do is tackle or look at some of the things that might influence 

their diets.  So who here has the best handwriting or very good handwriting?  

That was you.  Would you mind scribing for us?  I’ll just get you to write some 

things.  Now, I want us to do a bit of a brainstorm and think about what kind of 

different things might influence a woman’s diet.  What do you think?’ (CB1) 

This scientist used the same structure for the four sessions she had with students and students 

responded positively to her continuous questioning by identifying all the elements she was 

investigating.  

Students’ questioning during the Meet the Scientist sessions 

Based on Bay and France’s (2010) categorisation of student questioning during scientist-

student interactions with 16-17 year olds, we organised the students’ questions in four main 

themes as detailed in Table 2. Students’ questions are a strong indicator of their interests and 

of the students’ attempts to actively engage with the topic under discussion and attempt to 

make links with their existing knowledge and experiences (Chin & Osborne, 2008). Students’ 

questions during the Meet the Scientist sessions, focused mainly on conceptual and procedural 

information based on the scientists’ research area and expertise. During the sessions, students 

were able to discuss and learn about current and innovative scientific research, which was 

considerably different from the school science they experienced. Consequently, students were 

genuinely interested in the scientists’ work, as indicated by the focus of their questions, which 

was predominantly on the conceptual and practical aspects of the scientists’ work.  

Table 2 

A summary of the types of questions asked by students Meet the Scientist sessions  

Type of question Example % 

Science information 

(content & practice) 

‘What is stem cell research?’ 

‘If you just want to become a nurse, do you have to do a PhD?’ 

83 

How science works ‘How long do you think it would take to solve this problem?  

How much time do you think a scientist would have to devote to 

trying to answer one question like that?  Are we talking a few 

weeks, months, years, what do you reckon?’ 

7 

Citizen decisions ‘What things are you trying to do to help people with diseases?’ 

‘What is your opinion on animal testing?’ 

5 

Personal responses ‘Do you enjoy being a scientist?’ 

‘Do you find it fun?’ 

‘What inspired you to become a scientist?’ 

5 
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In exploring all the questions that students ask as they take part in the Meet the Scientist 

sessions, it is possible to identify what guides the discussion that are actually taking place, as 

well as students intentions and own interests. The fact that students’ questioning focused 

predominantly on science content knowledge and information could be based partly on the 

fact that they had little knowledge of the scientists’ research areas and expertise. Chin and 

Osborne (2008) discuss how students with little prior knowledge tent to ask basic information 

questions as opposed to students that are more familiar with the topic, which is consistent 

with the nature of questioning by students identified in the Meet the Scientist sessions.  

DISCUSSION AND CONCLUSIONS 

There are two areas of interest that the findings of this study contribute towards and will be 

discussed in the following sections. The first is the value of the student-scientist interactions 

for the students’ development of views of scientific practices and of scientists’ work. The 

second is the value of such interactions in terms of science communication and the elements 

of the environment created during the Meet the Scientist sessions, which promoted active 

participation and fruitful interactions for all members involved, both young people and 

scientists. The dialogic nature that most of the sessions had, allowed students to interact with 

scientists beyond the transmission model often adopted in science communication interactions 

(Bray, France & Gilbert, 2012) where few opportunities are given to the audience to pose 

questions, and develop a dialogue with the science communicator. In fact, the opportunity to 

ask questions in public engagement events has been identified by Wilkinson et al. (2012) as a 

driving factor in motivating the audience to actively participate in public engagement events. 

Bray et al. (2012) have conducted a Delphi study investigating the essential elements that a 

science communication course should put forward for benefiting interactions between 

scientists and the public. They worked with 10 scientists, science communicators and 

educators on establishing consensus on the key competencies required for effective science 

communication. They concluded that in such interactions the audience should come first; 

science communications should be aware of the needs of the audience and attempt to engage 

them by allowing them to participate in the process, by taking account of their needs and by 

using techniques such as storytelling to make the topics discussed accessible to them.  

During the Meet the Scientist sessions, the above conditions were found to be present in 

various ways. The number and nature of student questioning indicates that the majority of 

participating scientists put the students first, as Bray et al (2010) suggest, and in this way 

allowed them to ask questions, and as discussed in the previous section, often prompting them 

for any questions they might have had. At the same time, the scientists’ expectations also 

framed the discussions that took place. Many saw this as an opportunity to take part in an 

outreach activity, which is increasingly becoming a requirement in science departments of 

higher education institutions. This resulted to scientists focusing more on science interests and 

career aspirations than discussing the nature of their work or their choices in following a 

science career. Although the purpose of the session shifted in these cases, the fact that 

scientists focused on career choices meant that students had the opportunity to discuss their 

own career interests and get advice from the scientists about their options.  

Reinforcing the importance of providing students with opportunities to get in contact with 

practising scientists and interact with them is the fact that although views of scientists and 

views about the nature of science were not an explicit topic for discussion during the Meet the 

Scientist sessions, these were enhanced as discussed previously. This agrees with suggestions 

that students need to contextualize their experiences of science in order to make them more 

personal and see themselves as scientists. Finson (2002) states that ‘individuals who have 

negative perceptions of science or of scientists are unlikely to pursue science courses of study 
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and, subsequently, enter a science/science-related career’ (p. 335). This has implications for 

students’ decision making with respect to science careers. If students develop these notions of 

scientists as normal people then it is more likely that they be more interested in pursuing a 

science career. Another issue to consider is the vast range of science careers that exist that is 

often not explicitly made aware to the students. Based on their experiences of school science, 

students often associate science careers with the three traditional science subjects that they are 

taught in secondary school. Thus exposing them to the range of options they have and 

listening first-hand how scientists entered into their line of work, further enhances the 

possibility of students following a science career pathway (Knox et al., 2003).  

The students’ own expectations of the Meet the Scientist sessions was another factor that 

seemed to have framed the discussion that took place during these sessions, since in those 

cases that students were interested in pursuing a science career, their questions focused 

mainly on this aspect and less on applications or the nature of the scientists’ work. We would 

argue that the students’ questions during their sessions with scientists, also indicates the 

students’ active participation in the session and to an extent, their own interests and 

motivations. For instance, students that were already thinking of pursuing a science career 

focused their questions around the subject choices they should be making in order to do so. 

Year 9 students, at the time that the study was conducted, were making choices in school 

subjects that would determine whether they could go into a science-related field in university. 

At the same time, some of the scientists were not prepared to answer questions of this nature, 

especially those that had experienced an educational system other than in the UK.  Therefore, 

future training courses should prepare scientists by raising their awareness of career options 

and school science choices, in addition to their personal life stories and how they were led 

into a science career.  

To sum, this study demonstrates how short sessions between students and scientists can have 

a positive influence on students’ perceptions of scientists and of their interest and motivation 

to learn science. The face-to-face interactions with scientists, allowed students to view 

scientists as approachable and normal people, and start to understand the range of scientific 

areas and careers that exist. The student-scientist interactions were also valuable for the 

scientists, who saw this opportunity as a vehicle for science communication. Elements of the 

sessions that we found to be effective in promoting engagement and interaction between the 

scientists and the students included putting the students’ interests and questions first; using 

examples from everyday life and discussing applications/implications of their work in order to 

make it relevant for students; using materials and making links to school science; and, 

discussing science interests and career aspirations with students.  The questions that students 

ask can be seen as a negotiation of meaning and attempts to establish links between their own 

lives and the scientists’ lives (France & Bay, 2010). Listening to how scientists went into a 

science career and discussing the scientists’ aspirations and choices at their age, can help 

students narrow the gap between the images the hold of themselves and a possible career in 

science.  
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Abstract:  Governments have recognised that the technological trades rely on knowledge 

embedded traditionally in science, technology, engineering and mathematics (STEM) 

disciplines.  In this paper, we report preliminary findings on the development of two curricula 

that attempt to integrate science and mathematics with workplace knowledge and practices.  

We argue that these curricula provide educational opportunities for students to pursue their 

preferred career pathways. These curricula were co-developed by industry and educational 

personnel across two industry sectors, namely, mining and aerospace. The aim was to provide 

knowledge appropriate for students moving from school to the workplace in the respective 

industries.  The analysis of curriculum and associated policy documents reveals that the 

curricula adopt applied learning orientations through teaching strategies and assessment 

practices which focus on practical skills.  However, although key theoretical science and 

maths concepts have been well incorporated, the extent to which knowledge deriving from 

workplace practices is included varies across the curricula. Our findings highlight the 

importance of teachers having substantial practical industry experience and the role that 

whole school policies play in attempts to align the range of learning experiences with the 

needs of industry.  

Keywords: vocational education, industry school partnership, work transition, 

workplace education, STEM 

 

 

INTRODUCTION 

It is widely recognised that student interest in science and mathematics and related subjects 

(e.g., STEM) is low (e.g., Osborne, Simon, & Tytler, 2009; Osborne & Dillon, 2008). 

Osborne and Dillon acknowledged that while there are shortcomings in curriculum, pedagogy 

and assessment, a significant problem has been that school education in STEM has never 

provided a satisfactory education for the majority and has failed to cultivate the interests of 

those who might proceed to become scientists, engineers, technologists and trade-related 

workers. In this paper we document the design of two industry-developed curricula and 

analyse the alignment of content with the skills and knowledge necessary to appropriately 

equip students for the school to work transition across two industry sectors.   

 

CONTEXTUAL BACKGROUND 

Curriculum development in Queensland is managed by the Queensland Studies Authority 

(QSA) a statutory body of the Queensland Government. The QSA prepares syllabus 

documents which are then adopted and implemented in State, Catholic and Independent 

schools to suit local school needs. School administrators make decisions about which 

syllabuses to adopt. Implementation relies on teacher judgement in the shaping of curriculum 
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work programs, pedagogical approaches and classroom assessment. These principles allow 

and enable individuals and cohorts to take different routes through the curriculum terrain 

particularly in the senior years. For a detailed description of these principles see Luke, Weir 

and Woods (2008).  Curriculum development in this jurisdiction adopts a "low-definition" 

approach to syllabus design based on informed prescription and informed professionalism.  

The QSA also registers schools as registered training organisations (RTOs), and accredits and 

recognises vocational education and training courses as a part of the overall school 

curriculum. Three levels of subjects are available to students in the senior years 11 and 12: 

Authority subjects (for university entrance), registered subjects and vocational subjects (both 

for non-university pathways).    All subjects contribute credit to the state’s school leaving 

certificate – Queensland Certificate of Education (QCE). Vocational school subjects 

contribute towards Certificates which may lead beyond school years to formal trade 

qualifications which are the responsibility of TAFE (Technical and Further Education) 

colleges and private RTOs. A recent innovation, however, has been the introduction of 

School-Based Apprenticeships and Traineeships, which run alongside other QCE subjects. 

These involve a contract between student, parents, principal and the employer and the student 

is considered to be both a fulltime student and an apprentice or trainee. 

Donnelly (2009), in a review of the literature focussed on the alignment of school curricula 

with vocational educational needs, has argued that “that the vocational aspect of the school 

curriculum is less well understood, and more locally conditioned, than are its traditional 

academic forms.” (p. 226).  He asserts that there is limited research examining how students 

are best prepared for a vocational career. One such attempt to address vocational education 

centred on STEM has been developed in the state of Queensland, Australia. The Queensland 

Government has set in place a number of initiatives to stimulate the development of a highly 

skilled workforce to support the growth of Queensland’s expanding knowledge-intensive 

industries. One initiative was the establishment of school-industry partnerships across a 

number of industry sectors (Kapitzke & Hay, 2007; Watters, Hay, Pillay, Dempster, 2013).   

The establishment of partnerships between educational providers and industry is argued to be 

an important strategy for optimising and sharing new knowledge. In 2004, the Queensland 

Government established the Gateway to Industry Schools program. This program is a key 

policy strategy aimed at knowledge transfer and features 1) a public system-wide approach, 

2) multiple sectors (i.e., state, Catholic and Independent schools) and global as well as local 

industry partners, and 3) an inclusive focus on student learning, including both students 

transitioning into higher education and those moving directly to skilled employment.  Around 

25% of Queensland schools host Gateway Schools to Industry partnerships across six 

industry sectors: Agribusiness, Aerospace, Manufacturing and Engineering, Building and 

Construction, Minerals and Energy and Wine Tourism. We focus on curricula related to two 

partnerships: Minerals and Energy and Aerospace.   

In this paper we set out to (1) document the design of curricula developed collaboratively by 

schools and industry to appropriately equip students for the school to work transition and (2), 

document the affordances and constraints in the implementation of these curricula. We 

explore how these curricula provide opportunities for students to select relevant individual 

pathways. 

 

THEORETICAL FRAMEWORK  

In our approach we focus on the concept of opportunity, drawn from an analysis of the 

relationship between educational opportunity and educational gains reported by Houang and 
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Schmidt (2008).  The word opportunity is defined as a favourable set of conditions that afford 

chances for individuals to achieve personal goals.  It also refers to the chance that educational 

policies are provided with conditions whereby they can gain traction. Schmidt and colleagues 

(e.g., Schmidt & McKnight, 1995; Schmidt et al, 2001), in a series of studies of the Third 

International Mathematics and Science Study (TIMSS), have argued that education policies 

directly manipulated through curricular resources shape schooling in ways that align with 

national priorities.  Thus students exposed to particular curricular implementations should 

learn about particular topics emphasised in those curricula. However, the curriculum 

experienced by the student is often at odds with the planned curricula and the opportunities to 

achieve intended outcomes are thwarted (Fullan & Pomfret, 1977; Hume & Coll, 2010; Keys, 

2007).  To investigate the alignment of curricular intentions and outcomes of the Gateway 

project, we focus below on four dimensions of opportunity: the nature of the curriculum, 

what teaching practices are employed, what knowledge is valued and to what extent the 

intended goals are attained through the delivery and assessment of appropriate content.   

 

Appropriate curricula  

In its broadest interpretation curriculum defines all the learning which is planned and guided 

by the school, whether it is carried on in groups or individually, inside or outside the school 

(Kelly, 2009). We use the term appropriate to emphasise the extent to which the formal 

course structures and resources attempt to achieve the intentions of the Gateway project, that 

is, are they suitable for achieving the Gateway goals of equipping the next generation with 

the skills and knowledge to make the transition from school to further education or work and 

fill the skilled jobs of the future.  

A curriculum which is appropriate for facilitating school to work transitions would 

incorporate the following: 

1 a clear and consistent focus on applied learning in terms of approaches to 

teaching and assessment processes 

2 a clear representation of the workplace practices of the trade concerned 

3 a strong focus on embodied, embedded, encultured and encoded knowledge 

related to the trade,  alongside the required embrained knowledge  

In conceptualising what knowledge is important for workplace-related curricula, and how it 

can be framed, we refer to the work of Blackler (1995) whose approach based in the 

organisational and management literature sees learning as a process of knowledge 

management.  Blackler described five knowledge dimensions represented in workplaces and 

organisations, which we adopt here: embrained, embodied encultured, embedded and 

encoded (Table 1).   

 

Table 1  

Types of knowledge and how manifested 

Knowledge type Manifestation 

Embrained Conceptual knowledge – inert, declarative, “knowledge about”. 

Embodied Practical skills dependent on context – functional, “knowledge how” 

Embedded  Understanding the routines and systems of operation or workflow “conditions” 

Encultured Discourses of the field – knowledge of the context “culture” 

Encoded Knowledge captured in code – books, signs, manuals.  
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Appropriate teaching practices 

The way that planned curricula are adopted by schools and implemented depends on many 

factors not least the history (Goodlad, 1995), beliefs (Keys, 2007), and previous work 

experience of teachers (Diezmann & Watters, 2013) and the resources and priorities of 

teachers and administrators. Subject matter knowledge and knowledge of how content is 

applied are important contributors to effective teaching (Darling-Hammond & Youngs, 

2002).  Teachers with good subject matter knowledge and knowledge of the intent of the 

curriculum are able to go beyond the prescribed content and involve students in meaningful 

and experiential learning.  Appropriate teaching practices for facilitating school to work 

transitions should include practices in which students are afforded opportunities to: 

1 visit worksites  

2 explore how theoretical knowledge is applied in industry and  

3 acquire a sense of purpose in their learning.  

For those teachers whose background has been in traditional disciplinary teaching, achieving 

a change in perspective when teaching courses aimed at industry or workplace related 

outcomes can be challenging. 

 

Appropriate assessment 

Traditionally teachers are guided by assessment and reporting frameworks embedded in 

curricula.  The majority of teachers trained in teacher education institutions are familiar with 

the assessment strategies adopted in traditional STEM subjects.  These normally are 

centralised examinations or even where school based assessment exists, the assessment 

practices rely on students’ attainment of certain knowledge with limited focus on practical 

applications of this knowledge.  However, teachers require a different understanding of 

assessment practices for curricula designed to address vocational education and skill 

development.  Most vocational training providers use competency based assessment 

frameworks in which authenticity is paramount. Gulikers, Bastiaens and Kirschner (2004) 

argue that authentic assessment requires students to demonstrate relevant competencies 

through meaningful tasks.   

 

METHODOLOGY 

A case study approach was adopted here to examine how industry partnerships impact on 

factors affecting student learning outcomes such as curriculum, teaching practices and forms 

of assessment. Our analysis explored the alignment of curriculum between the needs of the 

workplaces of the partner organisations and student career aspirations. Our focus was on 

subject offered in years 10-12,  including those prescribed for academic pathway students and 

those not likely to progress to higher education.  We probed four areas: understanding of the 

partnership goals, curriculum and pedagogy, knowledge transfer, and student outcomes.  

Typical cue questions included “How do you understand the mission of the Gateway Schools 

programme and the role  you play in helping to attain these goals?”, “Tell us about activities 

in classes in the Gateway programme and how they are similar to/different from ones not in 

the programme.” And “What knowledge is regarded as ‘relevant’ for students entering this 

industry? Who has made this decision and how was this done?”  

Primary data were derived from (a) observations of stakeholder meetings in each industry 

project, (b) interviews with key stakeholders including principals, teachers, vocational 

education coordinators, industry personnel and staff from the various coordinating 
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institutions and (c) site visits to document resources, observe classes and conduct focus group 

interviews with students.  Secondary data were obtained from websites, policy documents, 

curriculum and syllabus documents and teaching materials. Observational data including 

participating in meetings and site visits were recorded in memos supplemented with 

photographs where appropriate. Interviews were audio recorded and transcribed, then.coded 

using NVivo software to conduct a content analysis (Richards, 2009). Codes were grouped 

into themes which reflected the underlying theoretical framework.  

 

FINDINGS 

Case 1: Minerals and Energy 

The Minerals and Energy project involves a partnership between 28 government and 

independent (private) schools and companies in the Minerals and Energy sector.  Most of the 

industry partners are large international mining and electrical utility companies. A 

coordinating body the Queensland Minerals and Energy Academy, (QMEA) links the 

partnering groups Skills Queensland (a government body) and the Queensland Resources 

Council (an industry peak body). QMEA manages the project and funding is provided both 

by government and industry.  Drawing on the framework of educational opportunity we now 

report on the three dimensions: curricula, teaching practices and assessment.  

 

Appropriate curricula 

The partnership provides a wide range of formal and informal opportunities for students to 

engage with the mining industry involving work experience, trade qualifications, camps and 

scholarships. These activities collectively meet the criteria for appropriateness outlined 

earlier and are listed here: 

 Certificate I and II in Resource Infrastructure Operations  

 Certificate I and II in Process Plant Operations  

 Certificate II in Engineering 

 Context based modules on power generation in Senior Physics 

 QSmart Year 11 and 12 subjects 

 Annual Engineering camps in mining locations  

 Tours and excursions to mines, power stations, skills centres, TAFEs and universities  

 Work experience and training in jobs, trades and professions on sites across the State  

 Access to industry mentors to address classes and conduct industry standard training in short 

courses, traineeships and apprenticeships  

 Engagement with tertiary students in a range of workshops related to the industry  

 Apprenticeship aptitude test training for those aiming to gain apprenticeships in the resources 

sector  

 Engagement through robotic and Arduino programming activities and teacher professional 

development  

 Scholarships and awards for students to encourage further engagement in the resources sector. 

Although the schools offer a range of subjects that provide a pathway to trade careers, we 

focus our analysis here on one subject that is distinctive in that it was developed in 

collaboration with industry.  The subject, titled Science, Maths and Related Technologies for 

Engineering and Electrical School-based Apprentices (or QSMART), and developed by 

QMEA (QMEA, 2010) is delivered over two years.  The content is aimed at providing a pre-

vocational grounding in topics relevant to electrical and related trades by integrating a range 
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of topics drawn from mathematics and science. Each subject contributes two credit points out 

of a minimum of 20 credit points towards a student’s senior school Certificate of Education 

but not for tertiary entrance consideration.   

The development process involved a team of industry consultants including engineers, trade 

apprentice trainers in the electrical trades and school teachers consulting on an initial draft.  

Industry was concerned that a sufficiently rigorous subject was needed that provided both 

theoretical and practical content as well as providing opportunities for the development of 

employability skills, which must be explicitly taught (QMEA, 2011). Such skills included 

communication, planning, organising, problem solving, technology, initiative, enterprise, 

self-management independent learning capacity and team working.  The course was 

implemented at Dragline and Black Mountain State High Schools.  The consulting industry 

groups made a commitment to QMEA schools and their students that they would recognise 

the results of QSMART for entry into Engineering and Electrical apprenticeships, as equal to 

the results of existing senior QSA Mathematics and Science programs in their recruitment 

procedures.  The scope of the course is outlined in Table 2. It has a strong emphasis on key 

theoretical understandings (embrained knowledge) with opportunities and expectations that 

this knowledge will be further developed through practical tasks (embodied knowledge). 

 

Table 2  

QSMART course objectives and content 

General objectives Conceptual content organisers 

Year 11 Course 

 students can select and interpret mathematical and 

scientific information in different Engineering and 

Electrical trade activities and texts. 

 students select and use a variety of mathematical and 

scientific skills and concepts to solve familiar and 

unfamiliar problems in Engineering and Electrical 

trade-related contexts. 

 students can use every day and trade-specific 

language, symbols, diagrams and conventions of 

mathematics and science to communicate responses 

to Engineering and Electrical trade-related tasks. 

 students can demonstrate skills in communication, 

planning and organising, problem solving, using 

technology and self-management; and demonstrate 

initiative and enterprise, the capacity to learn 

independently and the ability to work effectively in a 

team. 

 

The Mathematical Toolbox  

 Numeracy  

 Measurement  

 Algebra for Engineering and 

Electrical trades  

 Finance  

 

 

The Scientific Toolbox  

 Dynamics  

 Materials  

 Electricity  

 Electrolysis and Corrosive 

Environments 

Year 12 Course 

 students can extract and evaluate the mathematical 

and scientific information embedded in a range of 

Engineering and Electrical trade activities and texts. 

 students can select and apply an expanding range of 

mathematical and scientific skills and concepts to 

solve familiar and unfamiliar problems in a range of 

Engineering and Electrical trade-related contexts. 

The Mathematical Toolbox  

 Numeracy  

 Measurement  

 Algebra for Engineering and 

Electrical trades  

 Finance  

 

 

The Scientific Toolbox  
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 students can use a broader range of more 

sophisticated every day and trade-specific language, 

symbols, diagrams and conventions of mathematics 

and science to communicate responses to 

Engineering and Electrical trade-related tasks. 

 students can demonstrate skills in communication, 

planning and organising, problem solving, using 

technology and self-management; and demonstrate 

initiative and enterprise, the capacity to learn 

independently and the ability to work effectively in a 

team at an Industry standard. 

 Dynamics  

 Materials  

 Electricity  

 Electrolysis and Corrosive 

Environments 

 

Appropriate teaching practices 

Students valued the content of the subject and how it was taught and spoke frequently of its 

perceived practicality.  For instance, in a focus group discussion with students, one girl who 

was planning on becoming a diesel fitter discussed learning about “cogs and ratios” which 

she recognised to be relevant to her career intentions.  Another boy commented that the ratios 

lessons gave him insights into the operation of lathes which was part of a Certificate in 

Engineering he was concurrently studying.  

Teaching expertise was the focus of much concern, for two reasons.  First the turnover of 

teaching staff in remote mining locations is high. Often beginning teachers are assigned to 

remote schools but choose to remain for short periods.  Thus there is a lack of continuity and 

experience.  In both case study schools, over a three-year period the subjects had been taught 

by several teachers.   

Second, a lack of industry experience and knowledge can limit a teacher’s capacity to link the 

classroom content to its workplace setting.  For example, the teacher at Dragline SHS, 

although in his fifth year of teaching, was a novice in teaching QSMART.  He noted that in 

planning, implementation and assessment, he was left to his own devices.  However, this 

freedom created some concerns.  He was a teacher who had moved from a coastal town and 

had limited experience of the mining context: 

I definitely feel inexperienced in that area. I'm quite comfortable with the 

curriculum content of the subject, but drawing those links - I'm very new to the 

mining town. Prior to moving to Dragline SHS I had very little knowledge about 

the process of mining. So I'm finding that's where I need to put the bulk of my 

work in. It's not learning the content, but learning how to link that content to the 

actual processes that happen in the mine.  …  . 

A third concern was that, although there was support from the mining industry for the 

activities (listed earlier), direct links of benefit to QSMART were absent. 

 

Appropriate Assessment 

Teachers in both Year 11 and 12 QSMART courses are provided with a comprehensive guide 

to assessment, with a strong focus on using it formatively to guide students in their learning 

and contextualising to industry as many as possible of the assessment tasks. These tasks 

should be meaningful to students in terms of contemporary workplace practices. 

The formal assessment in both courses involves four components:  a supervised examination, 

a practical project, a portfolio and a workplace learning journal.  The supervised examination 

provides a formal assessment of key concepts and thus represents assessment primarily of 
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embrained knowledge but contextualised to the electrical trades (Table 3).  The portfolio is 

concerned with proficiency in different forms of communication.  The workplace journal 

aims to provide evidence of proficiency with workplace practices. The practical project 

provides scope for students to demonstrate their understanding of the concepts by application 

to a practical task (embodied knowledge).   For example, they are asked to choose suitable 

materials for a particular construction task, drawing on both theoretical and practical 

knowledge to justify their choices. 

 

Case 2 Aerospace 

Aerospace is a partnership between 26 schools and aerospace industry firms, training 

institutions and universities.  The aim of this project is to create pathways for students into 

Queensland’s growing aerospace industries.  Industry partners include Boeing Defence 

Australia, Brisbane Airport Corporation, GE Aviation, the Guild of Air Pilots and Air 

Navigators, Qantas and Virgin Airways. Central to the partnership on the industry side is a 

major international aviation training organisation Aviation Australia, owned by the 

Queensland Government.  

A key school in this partnership is an industry-dedicated state high school established in 

2007.  The first principal was appointed from the aviation training organisation and staff 

committed to aviation were employed. Its mission is, in partnership with tertiary and post 

school training providers, “to establish an end to end education model from the classroom to 

employment with the industry” (Annual report, 2011).   

 

Appropriate curriculum 

This school embeds learning experiences focussed on the aviation industry from Years 8-12.  

For example, subjects Aerospace Communication and Aeroskills Technology are offered in 

Years 8, 9 and 10. Teachers of other subjects are encouraged to contextualise their work 

through aviation where possible; for example, a Year 10 English class runs a school-based 

radio program called ‘Wingspan Radio’. These subjects are considered important in helping 

students to become aware of the aviation industry before they consider pathways in the senior 

years, when the following subjects become available. Opportunities to learn about the 

aerospace industry are provided through three Year 11 and 12 subjects designed in 

cooperation with industry (Table 3).  Aerospace Studies, a QSA Authority subject, produced 

in 2006 and revised in 2011 provides credit towards entrance to university.  Aeroskills 

Studies, a QSA Registered subject provides credit towards the senior school Certificate of 

Education but not tertiary entrance.   A Vocational Education Training subject, Certificate in 

Aircraft Maintenance Engineering, contributes four credit points towards the senior school 

Certificate of Education.  Complementing these three subjects, students studying various 

science subjects including Biology and Physics examine aspects of disease management, 

quarantine issues, the environmental management of flora and fauna around airports, jet 

propulsion and aircraft crash reports.  Business studies students explore practices of running 

airlines supported by industry personnel.  

The development of the Aerospace studies, the flagship subject, was done in collaboration 

with a range of industry partners.  The philosophy was that content related to the aviation 

industry was to permeate all subject areas from Year 8 to Year 12.  Most students enrol at this 

school specifically because they are interested in Aviation. For some that involved substantial 

travel or living away from home. 

Strand 10 Science curriculum and educational policy

1840



 

 

Aerospace Studies and Aeroskills Studies both cover the principles of aerodynamics, but 

Aerospace Studies also includes topics on airline management and business practices.  This 

subject was described by one teacher as “a quite academic subject” and is recognised as 

appropriate for students proceeding to university where they can extend their studies.   For 

instance, one local university offers a qualification, Bachelor of Aviation.  In contrast, 

Aeroskills Studies has a strongly practical focus, including designing, making and testing 

model aeroplanes.  This subject grew out of teacher and student extra-curricular interest in 

model planes; these activities are ongoing and students now participate in national model 

plane competitions. The third subject, Aircraft Maintenance Engineering, also involves both 

theory and a large component of practical work, all undertaken at an industry site and 

contributing to an Aeroskills Certificate IV through the adult vocational training and 

education authority.  As an economic priority area, the Course in Aircraft Maintenance 

Engineering has been fully funded by the Queensland Government with no fee costs to the 

students. 

 

Table 3  

Aerospace Curriculum offerings 

 Aerospace Studies Aeroskills Studies Aircraft Maintenance 

Engineering (AME)* 

General 

Aims/Objectives 

Knowledge Understanding 

Interpretation 

Communication 

Critical thinking. 

Knowledge  

Understanding 

Applied processes 

Practical skills 

Attitudes & values  

To prepare senior 

secondary students for 

a career as an aircraft 

maintenance engineer 

 

 

General Content Aeronautics and 

astronautics including 

meteorology, aircraft 

systems and historical 

developments.  

Aviation operations 

including aircraft traffic 

management, airport and 

airline operations. 

Safety management 

systems including policy 

and legislation. 

The business of aviation 

and aerospace including 

organisational structure 

and HR management 

 

 

Introduction to the aircraft 

maintenance/construction 

Industry 

Safety in the aircraft 

industry workplace 

Basic aerodynamics, 

aeroplane aerodynamics 

and flight controls 

Selection and application 

of hand and power tools 

Maintenance practices 

Basic aircraft hardware 

Basic aeroplane structures 

and aircraft materials 

Propulsion systems 

Propeller fundamentals 

Basic electrical and 

electronics systems 

Year 11  

Operational Health 

and Safety in 

Aviation Physics  

Basic Aerodynamics 

Maintenance practices  

Aircraft aerodynamics 

Flight control systems 

 

Year 12  

Aircraft structures 

Basic aeroplane 

systems (Airframe), 

gas turbine engine 

theory 

 

 

 

Appropriate teaching practices 

The principal acknowledged the challenges delivering a curriculum that was so intensely 

focussed on a particular industry.  However, he argued that there were two circumstances in 

his favour.  First, having described the network of partners and commitment from industry he 
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argued that the school was developing a reputation and that second, in contrast to normal 

practices he had been given the authority to hire staff and exercised this authority to recruit 

teachers with industry experience, albeit not necessarily secondary teachers:  

I think probably though, it is those personalities that are part of our school that 

will make those connections be maintained, that is you know from one teacher 

who is a Glider Pilot …  I’ve got another teacher who’s training for his private 

Pilot’s license, I’ve got another teacher (primary) who is from the air force as an 

aircraft mechanic and they’re part of the teaching team. .. If staffed by ordinary 

teachers, dare I say it, ordinary teachers then it’ll probably still function quite well 

but it’ll not be as impressive as it could. 

The teacher of Aerospace Studies believed he had the content “in his head” (embrained 

knowledge) and so he could focus on student learning and providing practical and realistic 

experiences (embodied knowledge).  This was evident in the way he explained his teaching 

of air flow over aerofoils: “you still get all of those misconceptions coming in, so I find that's 

something I really get down to hands on and using the aerofoils, using the smoke; many 

different ways that I can describe it and explain it to try and get through”. 

Students in particular acknowledged the credibility of teachers as one student commented, 

“Teachers who deliver will be for the most part are ex aviation … which is really really good 

as it gives us insight into aviation”.  Another student acknowledged that because students 

were so motivated teachers adopted a “fluid instruction” approach suggesting that the teacher 

responded to the specific needs of students.  Students agreed that “The teachers’ experiences 

come across in the stories and the way it (material) is presented”.  The teachers were seen to 

have substantial theoretical (embrained) knowledge but it was their depth of understanding 

and embedded knowledge of the industry that mattered. 

 

Appropriate assessment 

In Aerospace Studies students do exams, research-based written assignments and an 

investigation project presented as a report.  As an example students investigate empirically 

the properties of wind and aerofoil shapes using NASA designed software and wind tunnels.  

For some students, the course provides an opportunity for students to sit for an exam to 

acquire a permit to train for an aircraft flying licence.  Aeroskills Studies assessment is 

dominated by practical activities involving manufacturing models of wings and other aircraft 

components. Opportunities to extend knowledge are done through extracurricular 

competitions.  In the Aircraft Maintenance Engineering program, an assessor from industry 

visits to monitor teaching and undertake assessment tasks.  Much of the practical assessment 

is done in workshops with resources including a Cessna plane, wind tunnels and other 

aviation engineering tools. Assessment meets criteria that are set by either the QSA or 

industry standards.  As most students study all three subjects, there is considerable integration 

of knowledge with opportunities to apply information learnt in the more theoretically oriented 

subject (Aerospace Studies) in practical situations in Aeroskills Studies and AME.  

 

DISCUSSION 

The focus of this study was the substantial challenge of facilitating the sharing and transfer of 

knowledge from industry to schools. The two case studies are not necessarily representative 

of all schools participating in the respective Gateway projects. Indeed, these are the more 

successful examples in part because they are contiguous with the operational face of the 
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industries. That is, the mining schools are directly located above rich mineral deposits and the 

aviation school is essentially on the flight path of a major international airport.  This close 

physical proximity to the respective industries has facilitated networking and close personal 

relationships among stakeholders at the local level.  Although this situation is particularly the 

case for the aviation school, there are qualifications for the mining schools where staff 

turnover is substantially higher.   

In principle, industry school partnerships in which curricula are co-developed provide 

opportunities for contemporary knowledge transfer. In both cases subject outlines revealed a 

clear and consistent focus on applied learning in terms of approaches to teaching and 

assessment processes. In the aviation case the curriculum was taught by a team of teachers 

with substantial theoretical and practical knowledge.  As former employees of the defence 

forces and with pilots’ licences and mechanical experience these teachers brought 

considerable embrained, embodied, embedded and encultured knowledge to the classroom.  

They provided clear links between the theoretical aspects of aviation and the practice.  

By contrast, in QSMART, despite industry input during design, it was difficult to identify 

concepts and processes which would directly represent the workplace practices of 

engineering and electrical trades. The science and mathematics concepts listed in the outlines 

would appear unchanged in the traditional curriculum for Years 8-10 and include some 

general applications of the kind that science and maths teachers often include, rather than 

new concepts or processes derived from engineering or electrical workplaces.  Hence, the 

focus was clearly on the development of embrained knowledge.   

Constraints to knowledge transfer may exist in the capacity of teachers to apply their 

pedagogical and content knowledge to specific industries. The QSMART teachers were 

highly competent in teaching traditional science and mathematics but lacked understanding of 

how and where the concepts might be applied. Thus there were shortcomings in embodied, 

encultured and encoded knowledge – that is the practical on-the-job knowledge that 

represents the application of theory. Teachers with appropriate industrial experience would 

appear to be critical to the success of industry school partnerships. In the aviation case this 

condition was well met.  In the mining context this constraint was felt in the QSMART 

subject, but students were very well provided with industry contact by a wide range of 

activities; thus the impact of this limitation may have been lessened. 

Assessment strategies in the practical subjects described here are strongly mandated by 

industry and QSA and in most instances assessment was aligned to industry requirements. 

This was less obvious in QSMART. The involvement of industry personnel needs to be 

strengthened in those instances where teachers have limited familiarity with the needs of the 

industry, particularly as industry approaches to assessment are usually based on an unfamiliar 

competency model.   
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Abstract: Scientific literacy is regarded as important for the individual and for society (Gräber 

& Nentwig, 2002; OECD, 2010). To improve competences in scientific literacy we 

developed, tested and evaluated a competence oriented science course for grade 11, with 

emphasis on self-regulation in experimentation at an experimental school in Germany. The 

transfer into school practice at German general High Schools was begun and accompanied by 

research on the effectiveness of the course concept, and monitoring of the transfer process. 

The success of transfer depended on several factors, including characteristics of the 

innovation, of teachers and of the environment and supporting activities (Gräsel, 2010). One 

aim of this paper is to present the main characteristics of the course concept and its didactical 

approach to teaching. Another focus is identifying important preconditions in the procedure of 

transfer that effect its successful implementation into general school education. The course 

concept contains basic concepts of science (e.g. Harlen, 2010). Each of these basic concepts is 

combined with an experiment carried out by students. The teaching approach emphasizes 

experimentation as a problem solving process (Klahr, 2000) and is thereby meant to foster 

scientific inquiry. The course aims to increase the degree of self-regulation in a step-wise 

manner during the experimental work. The positive results of the evaluation of the course 

suggest that the concept will be accepted by teachers and may be implemented. The results 

from monitoring the transfer show that it may be impossible to implement the whole course 

concept in other schools, and that it may be necessary to focus on subsets of the material. 

Keywords: curriculum development, scientific literacy, inquiry learning,   

 

INTRODUCTION  

Scientific Literacy is regarded internationally as a necessary basic skill (AAAS, 1993; Gräber 

& Nentwig, 2002; NRC, 1996; OECD, 2010). Despite popular belief, it involves more than 

factual knowledge of the natural sciences, and instead encompasses a deep understanding of 

the nature of science and scientific inquiry in general (OECD, 2010; NRC, 1996). 

Additionally, scientific literacy makes it possible to evaluate social problems and personal 

decisions on the basis of scientific knowledge (OECD, 2010; NRC, 1996). Mayer‟s (2007) 

model of competences describes key dimensions of scientific literacy (Figure 1). The model 

outlines the relationships between the standards of acquiring knowledge (nature of science, 

scientific inquiry and practical work) and cognitive psychological competences 

(epistemological views, scientific reasoning and practical skills). Mayer proposes that it is 

only possible to develop the three main competences through an understanding of the three 

standards of acquiring knowledge: the nature of science, scientific inquiry and practical work. 

Together this leads to an improvement in scientific reasoning.  
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One approach to scientific reasoning is Klahr„s “Scientific Discovery as Dual Search Model” 

(Klahr, 2000) (Figure 2).  He describes scientific reasoning as a problem-solving process that 

involves a search in two spaces: a space of hypotheses and a space of experiments. The aim of 

a search in the space of hypotheses is to generate a universal, precise and testable hypothesis 

on the basis of previous knowledge or existing data or observations. The search in the space 

of experiments involves testing the hypothesis established in the previous step. It consists of 

developing an experiment to test the hypothesis, making predictions about the outcome of the 

experiment and executing it, followed by comparing the predictions with the actual results. 

The result of the search in the experiment space is a representation of evidence that is then 

analyzed in the next step. The evaluation of evidence either supports or falsifies the 

hypothesis.  

 

 

 

 

 

 

 

 

 

 

Motivation plays an important role when investigating learning performance. According to 

Deci and Ryan (1996, 2000) three basic psychological needs are involved in the development 

of motivational behavior: the needs for autonomy, competence and social relatedness. They 

underscore different types of motivation, and can thought of as a continuum of regulatory 

Figure 1: Modell of competence adapted from Mayer (2007) 

Figure 2: SDDS-Modell (adapted from Klahr, 2000) 
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styles. These  range from extrinsically motivated behaviour as the purely controlled form of 

regulation, to over-introjected, identified and intergrated regulation, to intrinsically motivated 

behaviour as the purely autonomous form of regulation (Deci & Ryan, 2000; Ryan & Deci 

2000, 2006). Regarding the learning process, intrinsic motivation argues that learning takes 

place because it is associated with a positive experience and thus is done for the task itself and 

not due to any external pressures or rewards (Deci & Ryan, 2002). Subsequently, an 

intrinsically motivated student learns for its own sake. Extrinsically motivated learning is 

prompted by the desire to ensure positive consequences, and avoid negative ones (Deci & 

Ryan, 2002). An extrinsically motivated student does not learn for the sake of learning or 

because he is interested in the subject but because of an external reward, such as marks. 

Several studies have shown that intrinsic motivation is an important factor in high-quality 

learning (Deci & Ryan, 2000; Ryan & Deci, 2000). Autonomous types of extrinsic motivation 

are also associated with academic outcomes (Deci & Ryan, 2000).  Learning environments 

that support the satisfaction of students‟ autonomy, competence, and relatedness are 

correlated with greater intrinsic motivation and autonomous types of extrinsic motivation 

(Niemiec & Ryan, 2009). Other key factors involved with motivation and achievement in 

learning environments are “Dealing with mistakes“ (Reusser, 1999) and “quality of 

instruction” (Slavin, 1999).  

The implementation of innovation takes time in the field of education. It is usually difficult to 

create change. In particular, if the innovation was not self-generated, its implementation is 

only possible under certain conditions (Gräsel, 2010). Many concepts evolved from science 

education research or developed from science education researchers did not find their way 

into school practice or their implementation was never completed. As such, it is necessary to 

examine the circumstances of transfer processes during the implementation of new concepts. 

In following with Gräsel (2010) the success of transfer depends on several factors. These 

include the characteristics of the innovation (e.g. limited complexity, advantage of the 

implementation), of teachers (e.g. motivation, feeling of competence to assimilate the 

implementation) and of the environment and supporting activities (e.g. teacher training, 

networks).  

We used this theoretical background to produce guiding questions for the evaluation. First, we 

developed a course concept with a focus on scientific literacy, where we described the 

relevant characteristics of the concept and its approach to improving the students‟ competence 

in scientific inquiry effectively. The second research question was concerned with identifying 

important side preconditions in the procedure of transfer that might affect its successful 

implementation in general school education. 

 

DESIGN OF STUDY AND METHODS  

To improve competences in scientific literacy, we developed, tested and evaluated a 

competence oriented science course with emphasis on self-regulation in experimentation for 

the 11th grade at an experimental school with a heterogeneous student body in Germany. The 

transfer into school practice at German general High Schools was begun and accompanied by 

research on the effectiveness of the course concept, and monitoring of the transfer process. 

In this project, teachers at the experimental school and scientists at the university cooperated 

in order to link curriculum development and educational research. Seven teachers from an 

experimental school together developed the course concept, planned single lessons, learning 

material and tests. Their work was consulted and evaluated by scientist. The aim of the 

cooperation between teachers and scientists at the experimental school was an evidence-
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based, reflected and well documented pedagogical practice. Accordingly, this practice is 

based on three steps: development, trial and evaluation.  

The study focused on monitoring the implementation process and preconditions of transfer. It 

involved an evaluation of a workshop with teachers from cooperating schools, as well as the 

analysis of a questionnaire completed by participating teachers. The workshop consisted of a 

theoretical phase organized as a lecture on the course concept, and results of the evaluation.  

During the workshop, teachers (n = 5) visited classes in which the course concept was taught. 

This was followed by a discussion of the pros and cons of the course concept and its transfer 

into a school setting. The discussion was audio recorded. To evaluate the teachers‟ point of 

view, we developed a questionnaire to assess the relevant improvable aspects of the 

curriculum, and the transfer process. The focus in the discussion and the questionnaire lay in 

facilitating the implementation of the course concept by addressing the school‟s specific 

needs. At the end of the school year, science teachers at cooperating schools (n=13) were 

asked to complete a questionnaire describing their interest in participating in a workshop 

about competence-oriented science-courses.  

 

RESULTS 

Principles of Curriculum Development  

The one-year course concept for eleventh-graders was focussed on different aspects of 

scientific literacy. First, one aim was to demonstrate several basic concepts or big ideas in 

science from different angles, and using an interdisciplinary perspective. Second, it 

introduced the hypothetico-deductive way of thinking in order to improve knowledge on 

scientific inquiry and the nature of science. As such, every theoretical consideration of a 

scientific concept was combined with an experiment carried out by students. Within these 

experiments the degree of self-regulation was gradually increased to improve students„ 

involvement, motivation and learning. Fourth, we emphasized the communication of scientific 

methods and results, especially in reports.  

The one-year course was organized into 9 modular units. Seven units included an experiment 

carried out by the students. The course curriculum began with an introduction to scientific 

inquiry and to the hypothetico-deductive approach to science. It also contained basic concepts 

of physics, chemistry and biology. The course ended with a section on science in historical 

contexts and social environments. The assumptions of the course concept correspond with 

international discourse on scientific literacy. Curriculum development was based on Mayer‟s 

Model (2007). The course concept focused on Scientific Inquiry and Scientific Reasoning. 

The hypothetico-deductive approach was enacted by students at several points and referred to 

Klahr„s Scientific Discovery as Dual Search-Model (Klahr, 2000). The didactical approach is 

described in Figure 3. The different steps in the experimentation process were introduced by 

the teacher at the beginning and made available to the students by the end of the course. Step 

by step, the students became comfortable with self-regulated experimental work. We 

predicted that this approach would satisfy the basic needs as described by Deci and Ryan 

(1996, 2000). We also predicted that experiments carried out in small groups would support 

feelings of social relatedness. The students were expected to eventually perceive a higher 

degree of autonomy, and if the learning process was successful, that they would experience 

competence in those experiments. The fulfilment of basic needs was expected to lead to more 

self-regulated qualities of motivation. A high degree of self-regulation during experimentation 

implied opportunities for the students to make mistakes.  A constructive way of dealing with 

mistakes was emphasized and thus offering learning opportunities. Because of the given 

Strand 10 Science curriculum and educational policy

1849



curriculum completed with cooperatively worked-out teaching aids, it was assumed that the 

quality of instruction would be high because the curriculum and the teaching aids were 

developed cooperatively. 

 

The students developed their competence in the communication of scientific results by 

discussing their results and the experimentation process with each other and the teacher.  On 

the other hand, the students had to write several lab reports with a gradually increase in self-

regulation. By the end of the course, the students were able to write one lab report completely 

on their own. Writing a report is the key to helping students reflect on their experimental work 

and to draw conclusions from the data to the theory. 

In cooperation with teachers and the scientific staff, teaching material was developed and 

used in adapted versions in the courses. Material was developed for teachers and for students. 

The structure of the manuals for experimentation and the assisting materials for data analysis 

was guided by the degree of self-regulation and methodical competence in the execution of 

experiments and data analysis. 

 

Monitoring of the transfer into school practice  

In order to answer the second research question, we worked to identify factors that affected 

the successful implementation of the course concept into the regular school curriculum. One 

factor which is important for the success of transfer is that an advantage of the 

implementation is distinctly visible for teachers (Gräsel, 2010). A prior, one-semester version 

of the course concept with the topic „salt‟ was evaluated. Statistical analyses showed 

Figure 3: Overview of the competences and their implementing in relation to the experiments 

executedincreasingly self-directedly by the students throughout the course. 
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increasing competence in scientific inquiry over the course of the semester, whereby low-

achievers benefitted the most (Hahn, Stiller, Stockey & Wilde, 2013). The evaluation of the 

improved, two-semester, version of the course concept in school years 2010/11 and 2011/12 

showed benefits of the course concept on scientific inquiry, nature of science, motivation and 

supporting teaching-and-learning conditions as compared to regular science classes (Hahn, 

Stiller, Stockey, & Wilde, 2013, August; Stiller, Hahn, Stockey, & Wilde, 2011, September; 

Stiller, Hahn, Stockey, & Wilde, 2012, September). 

The evaluation of the workshop and the questionnaire showed conditions relevant to the 

teachers.  During the discussion and in the questionnaire, the participants stressed that the 

transmission of the hypothetico-deductive model for the natural sciences was necessary at 

their school. Moreover, they emphasized the heterogeneous student body in their schools and 

due to that the need to find a way to deal with it. The implementation of the course concept 

seemed to be limited by frame conditions such as curricular demands, the separation of 

subjects, and furthermore by the teachers attitudes. The results for participation in workshops 

showed that eleven out of thirteen teachers had an interest in participating in a workshop on 

the course concept and hence in the concept itself. The teachers described several reasons for 

participating, or interest in participating in the workshops, e.g. they were interested in the 

course concept (n = 5), to get information to implement the course concept (n = 1), to get 

information to adapt the course concept or parts of it (n = 3), to develop a course concept on 

their own (n = 5) and for the exchanges with colleagues (n = 4). Particularly, the teachers 

were interested in an introduction to the course concept, in learning material and the 

opportunity to work with it. Only two teachers had no interest in the course concept. 

Summarizing, most teachers were very interested in the course concept and willing to set to 

work on the implementation of this concept.  

DISCUSSION AND CONCLUSION 

The success of transfer depends on several factors. One aspect concerns a visible advantage of 

an implementation (Gräsel, 2010). The evaluation of the course concept showed positive 

results, suggesting that is was beneficial to teachers. The evaluation of transfer conditions 

showed that the teachers described as an aim in their course development the transmission of 

the hypothetico-deductive model in the natural sciences, and the need to find a way to deal 

with heterogeneity. These are relevant aims referred to in the course and may therefore be 

seen as positive conditions for transfer and implementation. Furthermore, teachers were 

interested in workshops concerning the course concept. This interest can also be considered a 

positive requirement of transfer. However, both the frame conditions and the teachers‟ 

attitudes present a major challenge to the transfer process. 

The question now is what can be done to support the transfer into regular schools. Two 

aspects are obviously of high relevance. First, it seems very difficult to implement the whole 

course concept in other schools. As such, it will likely be necessary to create separate learning 

modules. Second, learning differences in learning requirements among the students should be 

addressed by developing learning material that recognizes the heterogeneity of the students. 

The development of learning material that considers these two aspects should be the next step 

in this project. Another step should be to offer workshops which emphasize the curriculum 

and the learning material. 

Taken together, learning materials seem to be critical to the process of implementation. The 

results from the evaluation of the transfer process gave clues to developing more 

advantageous learning materials. The instructions for the experiments should be usable 

independently from the school curriculum, should have different levels of self-regulation, and 

the instructions should contain further materials to reinforce the experiments. The materials 
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for basic knowledge should be designed in the same way. They should contain different levels 

of difficulty, and include the possibility of being carried out in learning circles. Concerning 

social form, it should be possible to use a variety of social forms depending on the students„ 

needs, for example, individual work or working with a partner. There should also be 

instructions for teachers that explain how the experiments are to be carried out and their 

possible results. It should also state how and when the experiments could be implemented in 

the school curriculum.  

In conclusion, monitoring of the transfer process produced helpful hints to promote the 

development of the learning material, as well as opportunities for implementation. 
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Abstract: This research analyses the implementation of a new subject for the post-

compulsory secondary school called “Science for the Contemporary World” (SCW). 

The main goal of this research is to identify the differences between the Implemented 

Curriculum (IC) as reported by teachers, and the Potential Curriculum (PC) according 

to official documents and science education literature.  

For this purpose we have identified the teacher’s perception of the subject during their 

first year implementing it. The results show four ways of perceiving the PC, three of 

them in agreement with a competence-based framework while the last one, associated 

with standard teachers, completely distort the proposed rational of the subject. 

Keywords: Science for Public Understanding, teachers’ perceptions, scientific literacy 

 

RATIONALE  

The aim of this paper is to show an analysis on how teachers perceive the PC of 

"Science for the Contemporary World" (SCW). This analysis is done according to the 

three relevant dimensions that characterize each curricular design and practice, which 

are why, what and how to teach? 

 

FRAMEWORK  

During 2006, the education law was modified in Spain generating a new official 

curriculum that included a new subject for the post-compulsory secondary school: 

science for the contemporary world (SCW). The main goal was reducing the deficit of 

scientific knowledge of citizens within a science for all and contextualised 

perspective. 

We have characterized the PC of this subject based on both the rational of the official 

syllabus and contributions from Science Education literature. Frameworks such as 

STS, Science for all, and SSI were reviewed. This characterization process let us 

identify three intended didactical goals: 

a) Promote the development of competences/capacities to perform well in society. 

This goal is not related to the concept acquisition of classical science subjects, but 

about how students learn to mobilize concepts, procedures and scientific attitudes, in 

order to solve a complex problem and make rational decisions (DeSeCo, 2001). These 

complex problems are typically part of public discourse today, and require certain sets 

of skills and abilities from those engaged in reasoning and argumentation about them 

(Forbes & Davis, 2008). In this sense, SCW is framed within the competence-based 

framework in which the use given to content is related with the high-order thinking 

skills (argue, justify, evaluate,...). 
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b) Emphasize science as a product of culture. This objective is based in an 

argument of Millar (1996) when discussing the different aims of scientific literacy, 

according to which science is an important part of our culture that all citizens should 

be able to understand, appreciate and use for its intrinsic value and what it says about 

human activity. In addition, this didactical goal emphasizes a cognitive and socio-

cultural view of the NOS, as Science is seen as one the products that our culture 

produces which rules of the game students' need to know. 

c) Use relevant contexts to address the learning of contents. In SCW it is expected 

that contents are taught in context, with the selection of contexts as one that it is 

relevant to students and allows meaningful learning of scientific knowledge, so that it 

can be transferred to other contexts and situations. From the educational point of 

view, the approach would allow a balance between teaching science as preparation for 

science and science education for citizenship (Gilbert, Bulte, & Pilot, 2010). 

To reach these goals, SCW has to be conceptualized and implemented by teachers 

adequately. In this sense, we focus our study on teachers' perceptions of the subject in 

order to analyze the different views or models of the subject they hold. In particular, 

we want to identify the differences between the Implemented Curriculum (IC), as 

reported by teachers, and the Potential Curriculum (PC), according to official 

documents and science education literature. 

 

RESEARCH QUESTIONS 

The purpose of our research is operationalized in three research questions: 

 What are the crucial aspects that characterize teachers' views of the subject 

(IC)? 

 What relation there is between the consonance of these views with the CP and 

the teachers' didactical experience? 

 What are the different coherent ways to interpret the CP (models of the 

subject) that co-exist during its first year implementation? 

 

METHODS 

The gathered data consists of 10 semi-structured interviews to teachers teaching SCW 

for the first time. The interviewed teachers had different scientific backgrounds and 

were selected according to their didactical experience. One group includes teachers 

currently participating in innovative groups in science education (IT: T1, T2, T3, T4, 

T5) and the other were standard teachers without specific contact with the science 

education research field (ST: T6, T7, T8, T9, T10). 

The interviews were analyzed at different levels of analysis according to the Constant 

Comparative Method (Huberman & Miles, 2002), for constructing both the 

theoretically and/or empirically-based categories.  

At the first level of analysis we did a categorization regarding teacher’s perceptions 

on what? Why? and how to teach?, organizing the most relevant aspects into a 

systemic network. These ideas were also analyzed according to their consonance or 

dissonance with respect to the PC for each category.  
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At the second analysis level, we wanted to know the relationship between a consonant 

or dissonant implementation of the PC and teachers' didactical expertise, comparing 

the perceptions and reported implementations of IT and ST for each category. 

Finally, we have identified 4 different models or ways of understanding the subject, 

by doing an analysis of the internal coherence between the three key dimensions. The 

consonance of these models and its possible hybrids with the PC is also analyzed. 

 

RESULTS 

Due to spatial restrictions, the results of the first two levels of analysis are included at 

lesser detail than the third one. The complete results can be found in Pipitone (2013). 

Global characterization of teachers’ perception about SCW 

In the following, we present the results of the 1st level of analysis, including the most 

relevant categories identified in teachers' views of their implementation of SCW.  

View on the nature of the science to teach 

One of the categories that we identified as more relevant in framing teachers' views of 

the subject it is their view of the nature of the science they have to teach. In this sense 

two main visions have been identified (Fig.1): science perceived as grounded in 

dogmatic thinking (Porlán & Martín del Pozo, 2004) and science seen as based on a 

moderate rational thinking (Izquierdo, 1992) 

Table 1  

View of Science 

Categories Sub-categories  Teachers 

View on the 

nature of the 

science to 

teach  

Grounded/based in a 

dogmatic thinking 
 

T6,T7,T9,T10 

Grounded in a moderate 

rational thinking 
Epistemic view T1,T8 
Social view T2,T3, T4,T5 

 

The first view includes those teachers who speak of a science to be taught that is 

traditional and far from the complexities of today's problems. As an example: 

"We often find these students have not studied any biology since eighth grade, no science at all. 

There are some issues that are difficult to understand [...], especially the latest advances [...], 

some biology concepts should be reinforced, and you have to explain them well.”(T10) 

In contrast, some teachers' believe that the subject should promote a more complex 

view of science. This includes teachers referring to the subject as portraying a view of 

science adequate in classical epistemic terms (regarding the generation of knowledge) 

and also those emphasizing the social implications and controversial nature of the 

scientific enterprise, which include ideas from the STS (Bybee & McInerney, 1995; 

Yager, 1996) and SSI movements (Albe, 2007; Kolstø, 2001; Zeidler et al., 2005). 

The latter two views of the nature of the science to be taught in SCW (epistemic and 

social) are both consonant with the CP, whereas the previous one distorts its rationale.  

Main learning objectives for students  

Despite the general objectives of the SCW subject are defined by official syllabus, 

teachers' perceptions show that the finality they assign to the subject is different.  
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The objectives of the subject are mostly divided from those that refer to mere 

acquisition of scientific knowledge to those that explicitly refer to the mobilization or 

use students' should give to the scientific knowledge they learn within the subject. 

This implies an important division between teachers that hold a view compatible with 

a competence-based framework for science teaching with those who do not (Table 2). 

For the latter, the main objective of the subject is improving students' scientific 

general culture, understood as helping students' to be superficially informed on the 

latest scientific advances or on the leading edge of science.  

"SCW helps to give you a general idea of what's happening around you, but it's not a decisive 

subject for your future, especially if you're not planning to go into science" [T10] 

In contrast, those teachers who hold a view more related with students' use of 

knowledge give a more profound meaning to the idea of general culture (reflecting 

finality related with the concept of scientific literacy) and can include as a focus 

important uses of scientific knowledge. In this sense, their views range from a focus 

on learning basic science to act in the actual society (application of scientific 

knowledge in different contexts and situations) to an emphasis on particularly 

important HOTS such as critical thinking or argumentation. 

"train future citizens to have a critical view of science or current affairs [...], learn to be 

critical, to have an opinion”[T3] "we discussed everything in class... I think reflecting on our 

actions and learning from what we do is the spirit of the subject, that's it" (T1) 

Table 2 

Main learning objectives for students 

Categories Sub-categories  Teachers 

Learning 

Objectives  

Acquisition of 

scientific knowledge  
Information (general culture) 

T6, T7, T9, T10 

Mobilization / use of 

scientific knowledge 

Scientific literacy (general 

culture)  
T1, T2,T3,T4,T5 

T8 Critical thinking 

Argumentation 

 

When analyzing the consonance or dissonance of these views with the PC, it is clear 

that while the latter views are in agreement with the PC, the view of the subject as 

mostly informative is not in coherence with the PC and diminishes its importance in 

the students' curriculum. Interestingly, when relating these results with those of the 

previous category, we can see that those teachers' with a more traditional view on the 

nature of scientific knowledge are also those that relate to the objective of increasing 

our scientific knowledge, whereas those with epistemic or social views of science 

emphasize as the objective of SCW the uses or application of this knowledge.  

Main content to be taught 

In addition to the previous views, we found that there is a great diversity of criteria 

and factors that intervene in teachers' selection of the content to be taught in SCW, 

and which is related with the multidisciplinary and open nature of its curriculum.  

Most teachers (8/10) reflect this definition of the curriculum in their choices of 

content, including contents from different scientific disciplines. However, in contrast 

with the CP, they deal with this contents is in an unconnected way, splitting the 

Strand 10 Science curriculum and educational policy

1857



subject into isolated thematic blocks with no explicit neither coherent relation among 

them. This fact shows how demanding is for all teachers to deal with multidisciplinary 

of science, in particular at post-compulsory level. Even when they recognize the 

problem of content dispersion, they do not manage to overcome it. 

"the science teacher jumps from talking about the universe to materials, to the cell or to 

biotechnology-related matters. This resembles a flea flea market ¿doesn't it? […] this business 

of teaching something different every day..." (T3) 

Many interviewed teachers highlight the importance of including meta-disciplinar 

contents or transversal abilities such as critical reading or decision-making, which is 

in agreement with the CP and the literature in the field (Duschl & Osborne (2002).  

When deciding which contents to include, teachers have referred to both internal and 

external factors to justify their selection of content (Fig. 4). Internal factors are those 

which depend exclusively on teachers, such as their background as chemist or 

biologists or their personal interests in some topics. External factors are pre-

established ones, such as contents suggested in the official syllabus or the textbook. 

Table 3 

Selection of content to be taught 

Categories Sub-categories  Teachers 

Criteria for 

selecting 

content 

Internal factors 
Mastering of scientific 

knowledge 
T2,T3, T4, T5, T7 

Personal interest T3 

External factors 

Official syllabus   

Textbook All 

Media hot topics 
T1, T2, T3, T4, T5, T6, 

T8 

 

Interestingly, most teachers have referred to external factors to justify their selection 

of contents, mostly to the textbook and the hot scientific topics present in the media. 

Regarding the textbook, this has been a crucial for all teachers in their first year of 

implementation of SCW. However, the use they have given to it is very different, 

ranging from being the one and only teaching resource to one of many available. 

Another important external factor, the hot scientific topics available in the media, has 

also been very common. This has been the case in particular among those teachers 

with an applied view of science, who have mostly use these topics to introduce real, 

nowadays situations. However, an interesting bias introduced by this practice is the 

fact those teachers selecting hot topics have mostly used those related with biology, 

making the subject less multidisciplinary than requested. 

Regarding internal factors, unsurprisingly, a relevant one for teachers has been 

teachers' mastery of the scientific content, which is related with their background. 

“I am a chemist, [...] I know little biology, so[…] the part of illnesses and biology, I left it to 

the last trimester, not for other reason than to have more time to prepare it” [T2] 

Another internal factor, somehow contrasting the previous view, has been teachers' 

personal interest in certain topics. An example is teacher T3, who is a chemist but 

who have selected mostly contents from biology to relate them with scientific 

controversies, following her strong interest in working on aspects of value and ethics.  
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Teaching and learning methodology 

An interesting characteristic of the teaching and learning methodology chosen for the 

implementation of the subject, which also relates with the previous selection of 

contents, is the use of activities oriented to develop different transversal abilities, in 

particular the mastery of argumentation. In a consonant view with the CP, teachers 

report to have included (or to have the intention to do so) activities not common in 

other scientific subjects, such as debates and open problem-solving tasks. 

However, we have identified different ways of referring to these tasks. While for 

some teachers they are related with the objective of the subject being the promotion of 

argumentation or critical thinking, others refer to compliance with the official syllabus 

as the motive to include low-profile versions of them, thus distorting the CP.  

In addition, there are teachers that do not refer not even rhetorically to the teaching 

strategies recommended in the official syllabus to justify their teaching methodology, 

using traditional lecturing and textbook exercises as their main teaching strategy.  

"the class was mainly a lecture, that is, my explanation, giving out notes, writing on the 

blackboard or making comments. After that, we did some exercises at the end of the lesson, 

which were related to what I had previously explained" [T10] 

View on Evaluation 

One of the most critical aspects related with the implementation of a subject such as 

SCW is, from the research viewpoint, its evaluation. Taking into account that SCW 

promotes the introduction of new and innovative activities for the promotion of 

challenging educational goals (within the competence-based framework), this implies 

a demanding adaptation of the evaluation framework (Black & William 2009).  

In this sense, interviewed teachers have shown great concern and difficulty to 

evaluate the most innovative activities, such as debates, in particular regarding the 

scientific content involved.  

“One of the most complex parts [is evaluation] How do you evaluate a debate? How do you 

evaluate participation? all this is .... the most difficult part, and it is an important part!" [T3] 

This implies that evaluation is, in fact, problematized mostly regarding its summative 

function, rather than its formative role. As a consequence, references to evaluation are 

either not done or do not refer to how to guide the teaching and learning process, 

focused on identification and marking of students' outcomes in particularly 

challenging activities.  

Subject perception according the teacher expertise.  

In our research we were interested in identifying whether the previously mentioned 

views of the subject could be related with teachers' previous didactical experience. As 

a consequence, we did a second level of analysis to compare consonant and dissonant 

views for standard and innovative teachers (See Table 4) 

As we can see, for most categories there is a close relation between being involved 

with science education innovation (T1 to T5) and being able to implement a 

challenging subject such as SCW in a way consonant with the PC. On the other hand, 

most standard teachers (T6 to T10) show dissonant views. This is particularly 

problematic, as one expects these teachers to be more representative of the majority of 

teachers than the innovative ones, which signals the importance of really 

understanding curriculum reform as problematic and needing CPD support. 
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In addition, Table 4 shows that there are interesting categories for which both 

innovative and standard teachers face the same challenges, such as dealing with the 

multidisciplinar character of the subject in an inter-connected way or using adequately 

formative assessment with innovative activities. In this sense, our analysis points out 

the categories that would require more effort not only regarding the professional 

development of teachers, but also from the research field point of view, as these 

mostly un-solved problems also within the research field. 

Regarding the View of the nature of the science to be taught, we found that the most 

innovative teachers understand that science in SCW should be taught from an applied 

or controversial perspective. Therefore, they consider the importance of teaching 

science within an adequate view of NOS that emphasizes social and cultural aspects, 

thus closely related to theoretical frameworks such as STS or SSI. On the other hand, 

ST view of the science to be taught is much more related with a simplistic and 

dogmatic view of science. 

Table 4  

Consonant and dissonant views of SCW for innovative and standard teachers. 

Categoría Sub-categorías  Consonant Dissonant 

View on the 

nature of the 

science to be 

taught 

Grounded/based 

in a dogmatic 

thinking 
 T6,T7,T9,T10  

Grounded in a 

moderate rational 

thinking 

Epistemic view T1,T8  

Social view T2,T3, T4,T5  

Learning 

Objectives  

Acquisiton of 

scientific 

knowledge  
Information   

T6, T7, T9, 

T10 

Mobilization / use 

of scientific 

knowledge 

Scientific literacy  
T1, T2,T3,T4,T5 

T8 
 

Critical thinking T1,T3, T4,T5 T8  

Argumentation   

Selection of 

content to be 

taught 

Meta-disciplinar 

contents 
 

T1, T2,T3,T4,T5, 

T7 T8, T9 
 

Disconnected 

topics 
 

T2, T3, T4, T5, 

T6, T7, T8, T9 
 

Internal factors 

Mastering of 

scientific 

knowledge 
T2, T5  

Personal interest T3  

External factors 

Official syllabus/ 

Textbook 
All teachers  

Media hot topics 
T1, T2, T3, T4, 

T5, T6, T8 
 

Teaching-

learning 

methodology 

Innovative/ 

competence-

based activities 
 

T1, T2, T3, T4, 

T5, T8 

T6,T7, 

T9,T10 

 

Regarding the main learning objectives to be developed, the crucial difference found 

between the objectives of "Acquisition of scientific knowledge" and " Mobilization / 
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use of scientific knowledge" can also be related with the previous didactical 

knowledge of teachers, with ST mostly holding the traditional view related to an 

academic perspective, where a science lesson involves learning new scientific 

concepts, in order to acquire a higher level of scientific knowledge. On the contrary, 

IT show a view of the subject where the capacity to use knowledge in context (for 

solving real problems, make decisions, have a critical viewpoint) becomes crucial. 

With regard to the Selection of content to be taught we found that the most important 

difference is that, for those teachers holding views more consonant with the PC this 

selection is more problematic and implies that internal factors such as disciplinary 

background and teachers' interest have an important role. We relate this issue with the 

fact that, to teach within a competence-based framework, emphasizing application of 

science within a social and cultural perspective requires a mastery of knowledge not 

necessary for teaching just more content present in the textbook.  

Regarding the teaching-learning methodologies considered suitable for SCW we 

found another significant difference between both groups of teachers. While IT 

teachers use more participatory teaching strategies that promote critical thinking and 

argumentation from their students, ST refer to a more traditional class based on 

lecturing where the teacher's role is limited to conveying knowledge in a mostly 

transmissive way.  

Identifying the different ways to understand SCW 

In the previous sections we have seen that the most relevant aspects that characterize 

teachers' view of the subject SCW are sometimes related. In a third level of analysis 

we have grouped the views that show coherence among them, to identify different 

models or ways of interpreting the subject. In the following, they are described.  

Epistemic Model 

The Epistemic model is defined as a subject that let us know what science is and how 

it works. As such, the most important goal is to deepen the scientific knowledge of 

students, not only of science but also about science, within an adequate epistemology. 

“[The goal of the subject is] on one hand to see the great theories that allow us to see the 

world. Some of the most important are: where do we come from? How do we work [...]? And 

on the other hand, how science works” [T1] 

Regarding content, this model suggests not to focus on introducing new contents but 

to revisit basic scientific knowledge (key scientific models) in a deeper way, by 

refining them and allowing students to work on them from an epistemic point of view. 

This implies, on the one hand, that the subject is conceived as a place where the pupils 

thoroughly go into and reflect on what they've already studied. On the other, that the 

subject is focused on the aim to enable the students to get to know what science is and 

how scientific knowledge is generated. In this sense, this perception of the subject's 

aims (why to teach?) takes aspects related to history and philosophy of science into 

account.  

Utility Model 

The Utility model defines a subject that helps us in dealing with everyday science-

related contexts. The Utility model is essentially based on working on scientific 

content which has already been taught in order to understand, interpret and actively 

take part in the science we may come across in everyday life situations. Hence, the 
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teaching and learning is devoted to the mastery of applying science to daily contexts 

that the students can face in their life, and not the mastery of the content per se. 

“We will do things that are day-to-day, and they are things which, even though in Greek 

philology graduates are perhaps interest to you, because maybe one day you'll have to decide 

if you want assisted reproduction or not [...], and to decide that they must know something” 

[T4] 

As such, this model of the subject is essentially focused on providing an outlook on 

applied science approaching scientific concepts from various real-life situations that 

require mostly critical thinking and decision-making skills. This demands from the 

student to recognize the science involved in a particular real problem or situation, and 

to make decisions by means of a solid foundation in scientific knowledge. 

Controversial Model 

The Controversial model defines a subject that overall help us to recognize and 

argument our positions in controversial contexts, where decisions involve ethical and 

value-driven aspects. In this sense, within this model it is encouraged that students 

make decisions when facing up controversial and/or uncertain circumstances they 

may encounter throughout their lives. In this sense, it focus on problems where the 

scientific justification is not the only reference for interpreting the facts and influence 

decisions, which resembles frameworks such as SSI. 

As such, this Controversial model do not only concentrates on the science involved in 

a particular situation, but also on the limits of the science concerning these issues and 

gives importance mostly to critical thinking and argumentation as crucial abilities to 

be developed: 

“[The objective of the subject is to] train future citizens to have a critical view of science or 

current affairs […], learn to critical, to have an opinion and know that all are valid, that all 

can be defended” [T3] 

Academic Model 

The Academic model defines a view of the subject as one devoted to learn more 

science, reinforcing previous knowledge by learning about the new scientific 

advances. This model emphasizes the need to learn updated scientific knowledge 

without the critical thinking standpoint, prioritizing conceptual scientific knowledge 

without problematizing simplistic ideas on the NOS. 

As such, it is basically a subject which considers that students who learn more 

scientific concepts will have a better knowledge foundation to interpret scientific 

advances. In this sense, it is regarded as a complementary subject to other more 

important, traditional (disciplinary) scientific subjects, which can be used to increase 

the number of hours devoted to science lessons in order to consolidate the previously 

learnt concepts in science. 

 
“These students more often have done nothing of biology since eighth grade, no science at all. 

There are some issues that are difficult to understand […], most of all last advances […], some 

concepts of biology should be reinforced, and you have to explain them well” [T10] 

Models: Consonance or dissonance with the PC and their combinations. 

The analysis of the identified models show that, despite their differences, the 

Epistemic model, Utilitarian model and the Controversial model can be considered all 

in agreement with the PC. In contrast, the Academic model distorts the purpose of the 

rational of the subject and is therefore not consistent with the PC.  
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Figure 1. Models of the subject 

When explicitly relating teachers with these models, we have found that most teachers 

were identified with more than one model at a time, showing a rich combination of 

views that sometimes was consonant and sometimes dissonant with the PC. This 

situation let us define combinations of our proposed models. 

For example, all IT teachers can be associated with coherent consonant models or a 

consonant hybridization of them, which is in fact richer than the more coherent views. 

combine consonant models. On the other hand, most ST were related with a dissonant 

hybridization, where aspects of the consonant models were merged with aspects of an 

academic view of the subject. 

 

CONCLUSIONS  

The most important conclusions of this research can be summed in three main ideas:  

a) The way to characterize a subject from the ideas expressed by the teachers; 

b) the relationship between the didactical expertise of teachers and the coherent 

implementation of CP;  

c) the four coherent ways to understand the CP and their respective combinations.  

Regarding the first idea (a), the main categories that describe a curricular 

implementation such the one we have analyzed are: the View on the nature of the 

science to be taught, its Learning Objectives, the Selection of content to be taught and 

the Teaching-learning and Evaluation methodology. In this sense, a focus on these 

aspects and how they relate in a coherent or incoherent way to each other has shown 

productive in order to characterize different, sometimes subtle, views of the subject. 

Regarding the second idea (b) we have found that, unsurprisingly, the curricular 

implementation of a new subject, despite challenging for all teachers, strongly depend 

on the teachers' didactical expertise. That gives not only importance to the didactical 

background of teachers for adequate implementations, but signals that when this 

background does not exist or it is insufficient, the implementation is very likable 

distorting the original rationale.  

As a summary, our findings show most innovative teachers hold a view based on 

teaching science for the scientific competence, within an applied/controversial 

perspective of science and using a variety of methodologies to achieve critical 

thinking and argued decision-making as main purposes. In contrast, standard teachers, 

despite recognizing their need to change their implementation of the subject, end up 

doing the subject as complementary / additional to traditional science subjects.  
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Regarding the last idea (c), the main conclusion from this study is that, when 

implementing a new subject, different subject models coexist, being more or less 

consonant with the PC depending on the didactical expertise of the teachers 

implementing it. In general, teachers with better didactical background hold more 

consonant models regarding what and why to teach. However, all teachers find how to 

teach a challenge, which signals the importance of practical teacher education that 

goes beyond the acquisition of the mere rhetoric of the reforms. 

These points to the fact that for most teachers (as most teachers are ST) implementing 

a new subject with an innovative rationale is a challenge that, without support, it is 

not overcame in spite of teachers' mastery of the reform rhetoric. As expected, 

teachers do not need as much discourses and documents regarding the rational of the 

subject as they need practical ideas and examples of how to teach in this way, being 

the teaching practice the main challenge. Empirical studies like this one evidence 

again the need to rethink the way innovations are introduced in the curricula, as 

literature has already shown. 

This study has also implications for teacher education. The goal of SCW as 

implemented goes from a competence view to help citizens make decisions to a view 

limited to keep the society scientifically informed. Teachers can situate themselves 

within this spectrum, in addition to being introduced ways of teaching of IT teachers 

that fit the PC. 
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Abstract: Natural Science Portuguese Curriculum highlights the development of 

conceptual, reasoning and communicative competences, which are crucial in our 

society. In fact, as we live in a world extremely influenced by science and technology, it 

is fundamental to be scientifically literate, in a way that enables us to understand our 

world and to take serious and responsible decisions. So, the Portuguese Curriculum 

emphasizes the development of critical thinking and high cognitive level competences, 

suggesting strategies and methodologies under the scope of an inquiry-based learning 

approach. Within this approach, which favors students’ active engagement and a 

personal construction of knowledge, questioning is considered a powerful tool in the 

learning process. However, questions of a high cognitive level are those that are more 

relevant to an effective and significant learning of science. A case study was developed 

in order to evaluate the implementation of the Natural Science Portuguese Curriculum 

in a school from the north of Portugal. Integrated in this case study, this research 

analyses the nature of questions applied in Natural Science textbooks and Natural 

Science tests, according to their cognitive level. Results show that the number of 

questions of high cognitive level is low in textbooks, as well as in tests, revealing some 

inconsistences between curriculum suggestions and what is really done in science 

classes. With these results, authors claim that it is important to coordinate curriculum 

demands with teachers’ knowledge, as well as with science textbooks elaboration.    

Keywords: natural science curriculum, inquiry-based learning, questioning, textbooks, 

tests. 

 

INTRODUCTION 

As we live in a knowledge-based society, extremely influenced by science and 

technology, it is crucial that our students develop their scientific literacy. The 

Portuguese Natural Science Curriculum (PNSC), implemented in 2001, was developed 

in order to attain this purpose, for students to be critical about the world and to make 

responsible decisions.  

In spite of the importance given to science education, the number of students pursuing 

science-related careers is decreasing (European Commission, 2004) and scientific 

literacy level in Europe is low (European Commission, 2004; Freire et al., 2013). These 

conclusions are of concern as all students need to be educated to be critical consumers 

of scientific knowledge (Osborne & Dillon, 2008).   

With the implementation of PNSC it was intended to achieve specific objectives related 

to contents, but also related to teaching and learning methodologies, taking into account 

the European recommendations (Freire et al., 2013). The curriculum, being organized 

around competencies, emphasizes the creation of inquiry learning approaches which 
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promotes an active involvement of student and a self-regulated learning. In fact, under 

the scope of an inquiry-based learning approach, “science teaching is no longer only 

about students’ acquisition of content knowledge” (Kim et al., 2013, p. 291). Students 

should be provided with opportunities to observe and gather evidences, to decide their 

value, to discuss ideas and to suggest scientific explanations (Kim et al., 2013). It is 

very important that the process of learning science becomes meaningful, relevant and 

interesting, developing students’ autonomy as learners (Vasconcelos et al., 2012). In 

this context, questioning is considered to be an essential tool for the learning process 

(Chin & Chia, 2004; Dahlgren & Öberg, 2001) and for students to develop inquiry 

competences, as it encourages students to find solutions to different problems (Torres et 

al., 2012; Vasconcelos et al., 2012).  

As high cognitive level questions are considered to be the most relevant to the 

development of inquiry competences, critical and high order thinking, we considered 

important to evaluate the nature of questions used in science classes, either in classroom 

contexts or in formative or summative contexts. 

 

Questioning 

Questioning is very common in our daily life as well as in the classroom context (Palma 

& Leite, 2006; Vasconcelos et al., 2012). In school, questions are considered to play a 

crucial role as they may prompt imbalances that may encourage students to surpass 

themselves, to research and to seek for new solutions (Giordan & Vecchi, 1996; 

Vasconcelos et al., 2012). For this reason, there are many studies regarding questioning 

in the classroom which involves not only teachers’ questions but also students’ 

questions and textbooks’ questions, among others (Vasconcelos, et al., 2012). Many 

studies reveal that while teachers formulate too many questions, students rarely 

formulate them within a classroom context (Cuccio-Schirripa & Steiner, 2000; Oliveira, 

2008; Vasconcelos et al., 2012). Moreover, most of students’ questions are of low 

cognitive level, which are considered to restrain the development of high order thinking 

skills and other relevant competences. As Dillon (1990, p. 7) stated ‘‘children 

everywhere are schooled to become masters at answering questions and to remain 

novices at asking them’’. 

In fact, Costa and collaborators (2000) advocated that asking questions may not be an 

easy task for all students, pointing out many aspects that may influence students’ 

questioning: (i) failure to detect difficulties and to understand their own state of 

comprehension; (ii) personal variables, as motivation, achievement and self-esteem; (iii) 

social constraints and contexts; (iv) evaluation processes, which may discourage 

students from asking questions.     

However, many authors argued that it is central to promote students’ questioning, as 

students may: (i) understand that inquiry is a natural component of scientific subjects; 

(ii) reveal their own thoughts and conceptions when raising questions; and (iii) evolve 

to higher levels of conceptual complexity (Chin & Kayalvizhi, 2002; Marbach-ad & 

Sokolove, 2000; Schein & Coelho 2006). Moreover, students become more aware of 

their own concerns (Orlik, 2002) and become more curious and enthusiastic when they 

try to solve and to answer to their own problems/questions (Chin & Kayalvizhi, 2002). 

Additionally, it is also relevant to mention that some studies reveal that students pose 

many questions if they have opportunities to do so (Costa et al., 2000) and that they 

Strand 10 Science curriculum and educational policy

1867



would also ask high cognitive level questions if they had opportunities to develop 

abilities to ask questions (Leite et al., 2012; Oliveira, 2008). 

Furthermore, the quantity and quality (in terms of cognitive level) of questions 

formulated by students may vary according to the scenario (Dahlgren & Öberg, 2001; 

Loureiro, 2008; Oliveira, 2008; Torres, et al., 2013), the methodologies applied, and 

depending on whether they are formulated individually or in group (Palma & Leite, 

2006). 

Having in mind all the advantages referred and that students’ questions may prompt a 

significant knowledge construction and solving problems capabilities, it is essential to 

create conditions for students to develop and to improve their questioning skills (Chin & 

Kayalvizhi, 2002). In spite of the relevance of both high and low cognitive level 

questions (low cognitive questions can lead to the raise of questions of high cognitive 

levels), good questions are those that generate processes of logical thought development 

and a meaningful learning. 

There are different taxonomies that were used to classify questions. Bloom’s taxonomy 

is a very well-known that influenced teachers’ practices, as they started to match the 

questions they ask with the skills they are trying to develop (Allen & Tanner, 2002). 

This teachers’ awareness is very important as teachers’ questions are a frequent 

component of classroom talk that may play an important role as a powerful tool in 

mediating students’ knowledge construction, influencing the type of cognitive process 

that students engage in (Chin, 2007).  

Dahlgren and Öberg (2001) conducted a study concerning the questions that university 

students formulated when faced with different scenarios. Questions were analysed and 

grouped into different categories: (i) Encyclopaedic questions; (ii) Meaning-oriented 

questions; (iii) Relational questions; (iv) Value-Oriented questions and (v) Solution-

oriented questions.  

In other study, Chin and Chia (2004) analysed the kind of questions students ask 

individually and collaboratively when working through a PBL approach. Questions 

were classified into 4 categories: (i) Validation of common beliefs and misconceptions –

questions that refer to common beliefs and misconceptions and that are asked for some 

validation; (ii) Basic Information Questions – which are related to Encyclopaedic 

questions suggested by Dahlgren and Öberg (2001); (iii) Explanations – questions that 

are similar to Relational Questions suggested by Dahlgren and Öberg (2001); and (iv) 

Imagined Scenarios – which refer to a supposed scenario and encourage students to 

formulate hypotheses. 

Despite the diversity of studies and aims regarding science classroom questions’ 

analysis; and the diversity of categories found to classify questions, we may consider 

that there are many similarities between the taxonomies used (Loureiro, 2008; Oliveira, 

2008). 

In general terms, we may also group different categories of questions into two broader 

categories, regarding cognitive involvement of the students: high cognitive level 

questions and low cognitive level questions (Hofstein et al., 2005). Questions that only 

require basic information, as one word or a definition are questions of low cognitive 

levels. On the other hand, questions that imply more complex answers and critical 

thinking are questions of high cognitive level. 
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Summing up, high cognitive level questions are the most relevant questions for students 

to develop high order thinking skills. In this way, students must be faced with and must 

ask high cognitive level questions. 

In this study, we analysed and classified the questions included in science written tests 

and in science textbooks, according to their cognitive level.  

For that purpose, we use one checklist, that results from the adaptation of Leite and 

collaborators (2012), Torres and collaborators (2012), Dahlgren & Öberg (2001) and 

Chin & Chia (2004) checklists – Table 1. 

 

Table 1 

Types of questions – cognitive level. 

Types of 

questions 
Characteristics Examples 

Encyclopaedic 

Require a direct, concrete and 

simple answer, like a 

definition. 

“What do you mean by 

sustainable development?” 

Meaning-

oriented 

Do not have a direct answer 

and imply the search of a 

concept meaning. 

“How is acid rain formed?” 

Relational  

Involve a connection between 

two or more concepts, like 

cause and effect. 

“How is biomass energy use 

related to global warming?” 

Value-oriented 

Demand for a comparison 

and judgment based on some 

criteria. 

“Distinguish a star from a 

planet.” 

Solution-

oriented 

Comprehension of the 

problem and looking for 

solution(s). 

“What can we do to mitigate the 

environmental problems of our 

planet?” 

Imagined 

Scenarios 

Deal with imagined scenarios 

and promote the formulation 

of hypotheses. 

“Could the human species become 

extinct due to the excess of toxic 

and chemical waste?” 

 

 

According to Hofstein (2005), encyclopaedic questions are those of low cognitive level, 

as they only require basic information and all the remaining ones (meaning-oriented, 

relational, value-oriented, solution-oriented and imagined scenarios) are of high 

cognitive level, as they require more complex answers, critical thinking and the 

connection between contents. 
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METHODS 

This study is part of a broader research aimed at evaluating the implementation of the 

Portuguese middle-school sciences curriculum (from 7
th

 to 9
th

 grade). A multiple case 

study was taken in order to deeply evaluate how teachers face and implement the 

curriculum, students’ experiences and how different aspects interfere with curriculum 

implementation.  

This work is integrated in a study case developed during the last school year 

(2011/2012), in Oporto, north of Portugal. A wide variety of instruments were used to 

collect the evidences taken from different participants (science teachers, students, 

school director) and documents (written tests, textbooks, school rules of procedure).  

In the present work, we analyse the questions presented in science written tests applied 

and in science textbooks used during the last school year, according to their cognitive 

level. This analysis was based on the checklist mentioned above (Table 1). 

The analysis focused on all the questions included in the written tests and textbooks but, 

in the last one, excluded questions given within learning activities. After a deep 

discussion about the checklist, data collection was done by two of the authors. 

 

RESULTS 

The results show that, generally, a high rate of questions that appear both in the 

textbooks and on written tests are of low cognitive levels - encyclopaedic questions - 

48,9% in natural science textbooks (NSTB) and 78,8% in natural science written tests 

(NSWT).  

 

Table 2 

Cognitive level of textbooks’ questions. 

Textbooks 

 

Types of questions 

NSTB7 NSTB8 NSTB9 Total 

f % f % f % f % 

Encyclopaedic  28 75,7 8 36,4 52 43,0 88 48,9 

Meaning-oriented 4 10,8 10 45,5 52 43,0 66 36,7 

Relational questions 2 5,4 1 4,5 15 12,4 18 10,0 

Value-oriented 1 2,7 3 13,6 1 0,8 5 2,8 

Solution-oriented 0 0 0 0 1 0,8 1 0,6 

Imagined Scenarios 1 2,7 0 0 0 0 1 0,6 

Without classification 1 2,7 0 0 0 0 1 0,6 

Legend: f=frequency; %= percentage; NSTB7= 7
th

 grade Natural Science Textbook; 

NSTB8 = 8
th

 grade Natural Science Textbook; NSTB9 = 9
th

 grade Natural Science 

Textbook. 
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Although the high number of encyclopaedic questions in 7
th

 grade NSTB, this number 

decreases in 8
th

 and 9
th

 grades and meaning-oriented questions acquire more relevance 

(table 2). This increment in the cognitive level of the questions over scholar years seems 

to be consistent with the increase of students’ level, age and development. Additionally, 

in 9
th

 grade NSTB there is also a slight increase in the number of relational questions.  

However, value-oriented and solution-oriented questions, as well as questions of 

imagined scenarios only appear in NSTB with a very low rate. 

Some examples of each type of questions that appear in NSTB are provided in the table 

below (table 3). 

 

Table 3   

Examples of question found in Natural Science Textbooks. 

N
S

T
B

7
 

Encyclopaedic 

(75,7%) 

 

Where is the 

centre of the 

Universe? 

 

What are 

fossils? 

Meaning-oriented 

(10,8%) 

 

How was it possible 

to obtain the 

knowledge of the 

universe? 

Relational 

(5,4%) 

 

Why is oceanic 

crust younger 

than continental 

crust? 

Value-oriented  

(2,7%) 

 

Does volcanism only 

have negative effects? 

Imagined Scenarios 

(2,7%) 

 

What will be the next 

steps and upcoming 

discoveries? 

N
S

T
B

8
 

Meaning-

oriented 

(45,5%) 

 

Why do 

ecosystems 

are in a state 

of dynamic 

equilibrium? 

Encyclopaedic 

(36,4%) 

 

What are natural 

resources? 

Value-oriented 

(13,6%) 

 

Are scientific 

and 

technological 

innovations 

good or bad to 

mankind? 

Relational  

(4,5%) 

 

How do living beings 

interact with the 

environment? 

N
S

T
B

9
 

Encyclopaedic  

(43,0%) 

 

What does quality of life means? 

 

Relational 

(12,4%) 

 

What are the 

consequences 

that result from 

the 

manipulation of 

genetic 

material? 

Value-oriented 

(0,8%) 

 

How can we distinguish 

food from a nutrient? 

Meaning-oriented 

(43,0%) 

 

How do ovarian and uterine cycles 

occur? 

Solution oriented  

(0,8%) 

 

How can we prompt 

community health? 

                  >%                                                                                                        <% 

Legend: %= percentage; NSTB7= 7
th

 grade Natural Science Textbook; NSTB8 = 8
th

 

grade Natural Science Textbook; NSTB9 = 9
th

 grade Natural Science Textbook. 
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On the other hand, the number of encyclopaedic questions in NSWT is always high, 

reaching its maximum in the 9
th

 grade, contrarily to what was expected. Although this 

fact can be related to the type of contents evaluated, students of the last year of middle- 

-school must be faced with more questions of high cognitive level (table 4).  

Indeed, the number of value-oriented questions diminishes over the scholar years, 

reaching its minimum in the 9
th

 grade. Questions of imagined scenarios and relational 

questions are hardly found and solution-oriented questions are not present in these 

NSWT. 

 

Table 4 

Cognitive level of written tests’ questions. 

Written tests 

 

Types of questions 

NSWT7 NSWT8 NWST9 Total 

f % f % f % f % 

Encyclopaedic  56 76,7 243 76,7 100 86,2 399 78,8 

Meaning-oriented 2 2,7 31 9,8 6 5,2 39 7,7 

Relational questions 0 0 8 2,5 1 0,9 9 1,8 

Value-oriented 14 19,2 29 9,1 8 6,9 51 10,1 

Solution-oriented 0 0 0 0 0 0 0 0 

Imagined Scenarios 1 1,4 2 0,6 0 0 3 0,6 

Without classification 0 0 4 1,3 1 0,9 5 1,0 

Legend: f=frequency; %= percentage; NSWT7= 7
th

 grade Natural Science Written tests; 

NSWT8 = 8
th

 grade Natural Science Written tests; NSWT9 = 9
th

 grade Natural Science 

Written tests. 

 

 

Some examples of each type of questions that appear in NSWT are provided in the table 

below (table 5). 
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Table 5  

Examples of question found in Natural Science Written tests. 
N

S
W

T
7
 

Encyclopaedic 

(76,7%) 

 

What is the 

definition of 

minerals? 

Value-oriented 

(19,2%) 

 

Distinguish a star 

from a planet. 

Meaning-

oriented (2,7) 

 

Explain why 

satellites are 

important. 

Imagined Scenarios 

(1,4%) 

 

Formulate a hypothesis 

to explain why there is 

no life in the planet 

Mercury. 

N
S

W
T

8
 

Encyclopaedic 

(76,7%) 

 

What do you 

mean by 

sustainable 

development? 

Meaning-oriented 

(9,8) 

 

Explain why does 

energetic resources 

are important.  

Relational 

(2,5%) 

Establish a 

relation between 

leaf size and 

water 

availability. 

 

Imagined Scenarios 

(0,6%) 

 

Imagine that the cactus 

of this ecosystem had 

progressively 

disappeared due to an 

insect plague. Please 

anticipate the probable 

changes that might 

occur as a result of this 

situation. 

 

Value-oriented 

(9,1%) 

 

Distinguish an 

autotrophic from 

a heterotrophic 

organism. 

N
S

W
T

9
 

Encyclopaedic 

(86,2%) 

 

What do you 

mean by risk 

behaviour? 

Value-oriented 

(6,9%) 

 

What is the main 

advantage of using 

this contraceptive 

method [condom] 

in relation to the 

others? 

Meaning-

oriented (5,2) 

 

Why is this gene 

recessive? 

Relational questions 

(0,9%) 

 

Establish a relation 

between the thickness 

of both ventricles and 

their function in the 

bloodstream.  

                  >%                                                                                                        <% 

Legend: %= percentage; NSWT7= 7
th

 grade Natural Science Written tests; NSWT8 = 

8
th

 grade Natural Science Written tests; NSWT9 = 9
th

 grade Natural Science Written 

tests. 

 

CONCLUSIONS AND IMPLICATIONS 

We may conclude that, although the national curriculum emphasizes the development of 

inquiry and high order competences, the analysed textbooks and tests rely on questions 

of low cognitive level. Indeed, in NSWT, this number increases as students get older. 

According with these results, the authors consider that it will be important to improve 

textbooks, by including material and questions consistent with an inquiry-based 

approach. To attain this purpose, it would also be important to adjust the way textbooks 

are selected, are made and are chosen by teachers. 

Textbooks improvement may have direct consequences in students learning, as well as 

consequences in teacher practice, as they are dependant on textbooks as a source of 

information. On the other hand, we think that teachers should be prepared and supported 
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for inquiry-based teaching, either in their initial or in their continuing training, in order 

to be consistently engaged with new curricular demands.  
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Abstract: Scientific literacy is an issue of paramount importance in every modern 

society. However, when it comes to public understanding, it seems that there is no 

consensus regarding what aspects should be addressed within the regular science 

education curriculum or how scientific literacy should be promoted. Additionally, 

despite the fact that teachers and students are the main stakeholders in each 

educational system, their voices are usually neglected. In this context, the present 

study employed a Delphi approach, seeking to investigate empirically the extent of 

any consensus between students and teachers in Germany and Cyprus, comparing 

their assessments regarding what science education aspects should be prioritized as 

well as in which extent these aspects are currently practiced. The outcome of this 

cross-cultural research revealed that except some minor differences, students and 

teachers in both countries perceive in general large discrepancies between a desired 

status and the status quo in science education. More specifically, science education, as 

currently practiced, was defined by elements from the “classic” scientific disciplines 

giving much emphasis on content as well as on the promotion of conceptual 

understanding. On the other hand, many of the greater aims of general science-related 

education that students and teachers gave priority to, such as the relation of science 

with students„ interests and everyday life or the development of inquiry skills, are 

only rarely taken up in science classes. Following this reasoning, future educational 

reforms in both countries should do well to invest more efforts in order to bridge this 

gap between priority and praxis. 

Keywords: Curricular Delphi study, scientific literacy, stakeholders, cross-cultural 

comparison, PROFILES 

 

INTRODUCTION 

Scientific literacy has become an issue of paramount importance in every modern 

society (OECD, 2007). In response to rapid scientific and technological development, 

several European educational systems, including those of Cyprus and Germany, have 

made great strides towards achieving scientific literacy for all students. At the same 

time, it appears that there is no definite consensus among the public regarding what 

aspects should be addressed within the regular science education curriculum or how 

scientific literacy should be promoted (Bolte, 2007, 2008). However, without a clear 

notion of what scientific literacy is to stakeholders, every reform effort only becomes 

an elusive idea (DeBoer, 2000).  
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PROFILES (Bolte, Holbrook, & Rauch, 2012; PROFILES, 2010), a European project 

that aims to promote scientific literacy in Europe and Europe-associated countries, has 

given much emphasis on examining the views of different stakeholders regarding 

aspects of science education that are considered desirable for the scientifically-literate 

individual of today„s society (Schulte & Bolte, 2012). Stakeholder groups seen as 

relevant regarding this issue comprise students, science teachers, science education 

researchers and scientists. Their views were in three stages collected from the 

different participating countries in the PROFILES project through a Delphi 

methodology. The application of the Delphi methodology at a European level 

provides fertile ground not only for comparisons between the different stakeholders‟ 

views within each country but also for cross-cultural comparisons between the 

participating countries, contributing in this way to an insightful look beyond national 

contexts. This study compares the results between Cyprus and Germany. 

 

THEORETICAL FRAMEWORK 

According to Osborne (2003), in most societies, aspects that are both important and 

salient within a given domain, such as science education, are usually defined by the 

academic community, which inevitably suggests that the voices of educators, 

scientists, students or other relevant stakeholders are often suppressed. Considering 

the fact that teachers and students are the main and final users in each educational 

system, this study focuses on the presentation as well as on the comparison of 

students‟ and teachers‟ views regarding the promotion of scientific literacy through 

science education in both Germany and Cyprus. In this context, the present study 

seeks to investigate the following questions: 

1. What similarities/differences exist between the teachers‟ and students‟ 

assessments regarding aspects of what should be prioritized in science 

education, within and between the two countries? 

2.  What similarities/differences exist between the teachers‟ and students‟ 

assessments regarding the extent in which the identified aspects are realized in 

science education practice, within and between the two countries? 

 

RESEARCH METHOD AND DESIGN 

A Delphi study represents a collective decision making process aiming to reach a 

consensus between the different stakeholders involved (Helmer, 1967; Linstone & 

Turoff, 1975). During the first round of the three-stage International PROFILES 

Delphi Study on Science Education (Figure 1), participants were asked to answer into 

an open-ended question regarding aspects of desirable science education. This 

question was specified as to situations and contexts science educational processes 

should be embedded, topics and fields that should be emphasized and competences 

and qualifications that should be enhanced regarding to promote scientific literacy. By 

the end of this round, all of their statements were grouped under thematic categories 

(Schulte & Bolte, 2012). During the second round, the stakeholders assessed on a six-

tier scale the priority and the realization in practice of 88 (Germany) and 76 (Cyprus) 

emerged categories regarding desirable science education.  
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This study compares the statistical outcomes between secondary school students from 

Cyprus (N=48) and Germany (N=34) as well as between science teachers from 

Cyprus (N=18) and Germany (N=50). Mean values for each category both for 

students and teachers were calculated. In a second step, all of the categories were 

ranked according to their means. For the analysis, the ten highest and ten lowest mean 

values in the students‟ and teachers‟ assessments in Germany are contrasted with the 

ten highest and ten lowest values in the students‟ and teachers‟ assessments in Cyprus 

respectively, both for science education priorities and practice. 

 
Figure 1. Method of Data Collection and Data Analysis in the PROFILES Inter-

national Curricular Delphi Study on Science Education (Bolte, 2008) 

 

RESULTS 

Assessment of science education priorities 

The results show that German students and teachers placed high priority on aspects 

that are related to the students‟ interests and thus motivate them. They also highly 

valued competences like applying knowledge, acting reflectedly and responsibly, and 

critical assessment as well as issues related to everyday life. Similarly, Cypriot 

students and teachers gave high priority to the instruction of topics that are more 

related to students‟ interests and daily lives (e.g. health/environment related issues) 

and prioritized contexts that can motivate students and actively involve them in the 

learning process. Furthermore, in addition to an emphasis on conceptual 

understanding, teachers attributed high priority to other types of aspects of scientific 

literacy relating to inquiry or basic scientific skills, while students highlighted 

personal competences and democratic attitudes. Students and teachers from both 

countries did not assign high priority on scientific sub-disciplines such as zoology, 

microbiology, earth science, paleontology etc. Tables 1 and 2 provide more 

information on the prioritization of science education aspects in each country. 
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Table 1 

Ten Highest and Lowest Mean Values of the Priority Assessments of German and 

Cypriot Students 

GERMANY  CYPRUS  

Category n M SD  Category n M SD 

Comprehension / understanding 27 5,1 0,874 Equipped 

classrooms 

48 5,4 1,005 

Motivation and interest  27 5,0 1,038 Pers. competences 48 5,3 ,949 

Environment 29 4,9 1,012 Health / medicine 47 5,3 1,276 

Working self-dependently / 

structuredly / precisely 

26 4,9 0,993 Environment 48 5,3 1,062 

Analysing / drawing conclusions 26 4,9 1,143 Problem-Solving 47 5,2 ,770 

Students' interests 33 4,9 0,857 Comprehension / 

understanding 

48 5,2 1,045 

Experimenting 26 4,8 1,120 Democratic 

attitudes 

48 5,2 1,299 

Critical assessment 26 4,8 0,732 Students' 

interests 

48 5,2 1,078 

Health / medicine 29 4,8 1,071 Experimenting 48 5,2 ,975 

Judgement / opinion-forming / 

reflection 

27 4,8 1,001 Use of audiovisual 

material 

48 5,2 1,255 

… … … … … … … … 

Thermodynamics 28 3,8 0,967 Integration of 

assessment 

practices 

47 4,3 1,293 

Earth sciences 29 3,7 1,192 Scientific literacy 48 4,3 1,391 

Empathy / sensibility 25 3,6 1,075 Socio-scientific 

issues 

47 4,2 1,313 

Out-of-school learning 33 3,6 1,342 Use of sc. 

terminology 

47 4,2 1,388 

Industrial processes 30 3,6 1,098 Earth sciences 47 4,2 1,469 

History of the sciences 28 3,5 1,232 Economics 48 4,2 1,468 

Botany 30 3,4 1,406 History of the sc. 47 4,0 1,489 

Zoology 30 3,3 1,241 Demographics 48 3,9 1,574 

Emotional pers. development 31 3,3 1,243 Palaentology 48 3,9 1,403 

Astronomy / space system 29 3,1 1,423 Architecture 48 3,9 1,557 

Note. n = Number of Participants, M = Mean Value, SD = Standard Deviation 
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Table 2  

Ten Highest and Lowest Mean Values of the Priority Assessments of German and 

Cypriot Teachers 

GERMANY CYPRUS  

Category n M SD  Category n M SD 

Applying knowledge / creative 

and abstract thinking 
44 5,4 0,838   Health problems 18 5,9 ,236 

Acting reflectedly and 

responsibly 
44 5,3 0,668 

Comprehension / 

understanding 
18 5,9 ,323 

Nature / natural phenomena 47 5,3 0,877 
Basic scientific 

skills 
18 5,8 ,383 

Comprehension / 

understanding 
44 5,3 0,624 Inquiry Skills 18 5,8 ,428 

Critical assessment 44 5,3 0,781 Experimenting 18 5,7 ,461 

Everyday life 47 5,2 0,666 Social skills 18 5,7 ,461 

Judgement / opinion-forming / 

reflection 
44 5,2 0,774 

Positive attitudes 

towards Science 
18 5,7 ,461 

Rational thinking / analysing / 

drawing conclusions 
44 5,2 0,774 

Environmental 

Actions 
18 5,7 ,485 

Perception / awareness / 

observation 
44 5,2 0,823 Mathematics 18 5,7 ,767 

Experimenting 44 5,1 0,784 Human physiology 18 5,6 ,608 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

Zoology 43 3,9 1,005 Meteorology 18 4,2 ,878 

Microbiology 42 3,9 1,299 
History of the 

sciences 
18 4,2 ,985 

Technical devices 45 3,8 1,043 
Astronomy / space 

system 
18 4,1 ,583 

Botany 43 3,8 0,965 

Integration of 

assessment 

practices 

18 4,0 1,085 

Emotional pers. development 50 3,8 1,222 Non PC games 18 3,9 1,305 

Earth sciences 42 3,7 0,939 Architecture 18 3,8 1,215 

Analytical Chemistry 45 3,6 0,806 Lectures 18 3,7 1,320 

Industrial processes 45 3,5 1,121 Earth sciences 18 3,7 ,840 

History of the sciences 44 3,5 1,110  Palaentology 18 3,4 1,243 

Astronomy / space system 41 3,1 1,352 Digital games 18 3,4 1,335 

Note. n = Number of Participants, M = Mean Value, SD = Standard Deviation 
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Table 3 

Ten Highest and Lowest Mean Values of the Practice Assessments of German and 

Cypriot Students 

GERMANY  CYPRUS  

Category n M SD  
 
Category n M SD 

Terminology 28 4,8 0,917  Mathematics 48 4,2 1,779 

Curriculum framework 31 4,7 0,815 

 

Physics 48 4,0 1,762 

Science – chemistry 31 4,5 0,850 
Environmental 

Actions 
48 4,0 1,368 

Genetics / molecular biology 28 4,4 0,959 Physics modules 48 3,8 1,389 

Chemical reactions 30 4,4 0,968 Use of textbooks  47 3,8 1,537 

Models 28 4,4 1,311 Ch. reactions 48 3,8 1,633 

Structure / function / properties 30 4,3 0,952 
Human 

physiology 
48 3,8 1,468 

Content knowledge 26 4,2 0,951 Health problems 47 3,8 1,614 

Matter / particle concept 29 4,2 1,114 Science – biol. 48 3,8 1,477 

Science – biology 31 4,2 0,980 
Environmental 

Phenomena 
47 3,7 1,390 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

History of the sciences 27 2,9 1,207 Current Issues 48 2,5 1,571 

Empathy / sensibility 25 2,9 1,236 Earth sciences 47 2,5 1,472 

Consequences of technol. 

Developments 
27 2,9 1,199 Palaentology 48 2,4 1,569 

Neurobiology 28 2,8 1,156 
Interaction with 

experts 
48 2,4 1,485 

Knowledge about science-related 

occupations 
25 2,7 1,308 

Out-of-school 

learning 
48 2,4 1,300 

Ethics / values 26 2,6 1,169 Nuclear Physics 47 2,4 1,512 

Current scientific research 26 2,6 1,137 Non PC games 48 2,4 1,424 

Out-of-school learning 32 2,5 1,107 Digital games 48 2,3 1,277 

Emotional pers. development 32 2,4 1,014 Meteorology 47 2,2 1,366 

Astronomy / space system 27 2,2 1,178 Astr. / space 47 2,2 1,414 

Note. n = Number of Participants, M = Mean Value, SD = Standard Deviation 
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Table 4 

Ten Highest and Lowest Mean Values of the Practice Assessments of German and 

Cypriot Teachers 

GERMANY  CYPRUS  

Category n M SD 

 

Category n M SD 

Curriculum framework 48 4,8 1,225 Physics modules 18 4,6 1,037 

Content knowledge 43 4,5 1,241 Mathematics 18 4,6 1,037 

Chemical reactions 46 4,4 1,236 Physics 18 4,6 ,984 

Structure / function / properties 46 4,4 1,181 Human physiology 18 4,5 ,857 

General and inorganic chemistry 45 4,3 1,148 Natural phenomena 18 4,3 1,179 

Organic chemistry 43 4,3 1,049 
Matter / particle 

concept 
18 4,2 ,808 

Ecology 43 4,2 1,067 
Chemical 

phenomena 
18 4,2 ,943 

Matter / particle concept 46 4,1 1,272 Study of the cell 18 4,2 ,857 

Science – biology 46 4,1 1,272 Terminology 18 4,1 1,183 

Nature / natural phenomena 47 4,0 1,043 Physics theories 18 4,1 1,183 

…
 

…
 

…
 

…
 

 

…
 

…
 

…
 

…
 

Limits of scientific knowledge 45 2,6 0,883 
History of sc. 

theories 
18 1,9 1,056 

Occupation / career 47 2,6 1,074 Architecture 18 1,9 ,938 

Consequences of technol. 

Developments 
44 2,6 1,061 

Interaction with 

experts 
18 1,9 ,900 

Ethics / values 44 2,4 1,108 Nuclear Physics 18 1,8 ,786 

Out-of-school learning 49 2,4 0,913 Geology 18 1,7 ,895 

Current scientific research 44 2,4 1,064 
Out-of-school 

learning 
18 1,7 ,907 

Occupations 45 2,4 0,963 Digital games 18 1,6 ,984 

Astronomy / space system 41 2,3 1,078 Non-pc games 18 1,5 ,707 

Knowledge about science-related 

occupations 
44 2,3 0,943 Meteorology 18 1,4 ,608 

Emotional pers. development 49 2,2 0,808 Palaentology 18 1,3 ,461 

Note. n = Number of Participants, M = Mean Value, SD = Standard Deviation 

 

Assessment of science education practices 

In both countries, the highest mean values in the students‟ and teachers‟ assessments 

were assigned to scientific disciplines such as biology, physics or mathematics and to 
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the teaching of traditional topics (e.g. chemical reactions, matter/particles concepts). 

Furthermore, the assessments from both countries place emphasis on the traditional 

teaching practices currently employed. For instance, teachers and students in 

Germany highlighted that there is great focus on the promotion of content knowledge 

while students in Cyprus gave emphasis on the employment of traditional approaches 

such as using textbooks or terminology. The results also indicated that aspects rated as 

important in the science education priority assessments were perceived as less present 

in science education practices in both countries. Tables 3 and 4 provide more 

information on these results. 

 

DISCUSSION 

Our cross-cultural comparison rendered a significant contribution to clarifying the 

socially desirable goals of science education for the promotion of scientific literacy in 

Cyprus and Germany, setting up the base for a successful curriculum reform. Despite 

some minor differences that might have mainly resulted from the cultural differences, 

both students and teachers in Cyprus and Germany considered the same, overall, 

categories as especially important or practiced. More specifically, students and 

teachers in both countries gave high priority to:  

(a) the instruction of scientific issues related to students‟ interests and lives,  

(b) the employment of scientific inquiry and  

(c) the development of scientific skills and attitudes.  

On the other hand, the comparison of the science education practice assessments 

indicated that in both countries, aspects relating to  

a) traditional scientific disciplines,  

b) content knowledge and  

c) traditional teaching approaches 

were considered as prevailing in local science educational practices. It can be 

concluded from these considerations that students and teachers, in both countries, 

perceive large discrepancies between an ideal state and the current status quo in 

science education. Future educational reforms in both countries should do well to 

invest more efforts in order to bridge this gap between priority and praxis.  
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Abstract: The aim of the research project SECURE is to make a significant contribution to 

the European society to improve MST (Mathematics, Science, and Technology) curricula 

and their implementation throughout the EU in order to prepare children from an early age 

on future careers in MST. The research focuses on learners of 5, 8, 11, and 13 years old 

and their MST teachers and covers three different aspects of curricula: the intended 

curriculum (represented by the formal written curricular documents), the implemented 

curriculum (as perceived by the teachers) and the attained curriculum (learning experiences 

of the students as well as experiences in teaching of the teachers). Questionnaires and 

interview guidelines for learners and their teachers are used to study the implemented and 

the experiential curricula in a quasi-longitudinal study. Some results from Germany 

(Saxony) as one out of ten partner countries of the research group are described. The focus 

is lying on two aspects: 1. learning activities and 2. out-of-school learning experiences. 

The outcomes of these two aspects are analyzed in depth taking into consideration the 

different school types in (early age) education (kindergarten: children of the age of 5, 

primary school: learners aged 8, and secondary school: learners of the age of 11 and older 

students aged 13). Possible difficulties and discontinuity in the educational process of 

learners that might occur crossing the gap between primary and secondary school are 

discussed.  

 

Keywords: curriculum, evaluation, gender issues 

 

INTRODUCTION 

The SECURE project is funded by the European Union under the 7
th

 Framework Program. 

The aim of the research project is "to make a significant contribution to the European 

knowledge-based society by providing relevant research data that can help policy makers 

to improve Mathematic Science Technology (MST) curricula and their implementation 

throughout the EU in order to prepare children from an early age on for future careers in 

MST…" (SECURE, 2010). The research focuses on the MST curricula offered to learners 

of 5, 8, 11 and 13 years old in 10 European countries, which are Austria, Cyprus, Belgium 

(Flanders), Germany (Saxony), Italy, Poland, Sweden, Slovenia, The Netherlands and The 

United Kingdom. The four different age groups were chosen to ensure that the whole 

spectrum of different education levels is covered, starting with the early age learning in the 

kindergarten as preparation for primary school, primary education and the transition to the 

secondary school, which are handled very differently depending on the country. Several 

abstracts as well as articles show these differences in the educational process in the ten 

different European states (De Meyere, Sokolowska, Folmer, Rovšek, & Peeters, 2013 

article submitted; De Meyere, Sokolowska, Folmer, Rovšek, & Peeters, 2013 article 

submitted; Michelini et al., 2013; Michelini, Santi, & Vercellati, 2013 article submitted; 

Peeters, & De Meyere, 2012; Rovšek & Bajc, 2012; Sokolowska, Ireson, & Brzezinka, 
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2013 article submitted; Sokolowska et al., 2012 article submitted). The overall aim of the 

SECURE project is to provide "relevant research data about the MST curricula and their 

delivery and translating them in recommendations for stakeholders" (De Meyere, Rovšek, 

& Peeters, 2013).  

 

RESEARCH FRAMEWORK 

The research instruments were provided by the project partners from SLO, The 

Netherlands. The instruments included guidelines for the curriculum screening of the 

existing STEM-curricula in each country, questionnaires for teachers as well as learners, 

and interview guidelines in a semi-structured way for teachers and learners. These different 

research instruments were based on the so called curricular spider`s web (Thijs & van den 

Akker, 2009). This spider web (see figure 1) offers a way to visualize the relationship 

between different curricular aspects. The core (rationale) and each of the nine threads 

represent the main subjects and the components of the curricula as such.  

 

Figure 1. Curricular spider`s web ("they" refers always to the learners). 

Authentic activities, for example the use of everyday objects, are seen to be important to 

activate students for learning. Also cooperative learning is relevant to reach this activation 

of learners during their lessons. Therefore in this article we will only focus on the results of 

two curricular aspects: learning activities with the key question "How are they learning?" 

and the component location with the key question "Where are they learning?". Learning 

activities include aspects of cooperative learning such as learning in groups or alone. The 

analysis of location includes out-of-school experiences (compare Wilhelm, Messmer, 

Niederhäusern, Rempfler,  2011).   
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METHODS 

Questionnaires for teachers and learners were used taking into account the different school 

subjects, resulting in two different questionnaires for teachers of mathematics and 

science/technology. Both MST teachers and learners answered questions from their point 

of view among other aspects about learning activities and location. With this as a basis the 

possibility of contrasting and comparing the results from teachers and learners 

questionnaires could be realized. To analyze these two curricular aspects all in all 254 

learners and 26 teachers filled out the questionnaires in primary school (the majority of the 

students were aged 8 years old). In secondary school 277 learners of 11 years old and 36 of 

their MST teachers filled out the questionnaires and in the age group of 13 years old 

learners 235 students were asked as well as 37 MST teachers. The qualitative analysis of 

interviews was done according to the methodology of Mayring (Mayring, 2002). The 

quantitative data of the questionnaires were just analyzed in a descriptive way as shown in 

the chapter results.  

 

RESULTS 

1. Learning Activities  

We concentrate on the above described school types with learners of age 8, 11, and 13. The 

analysis of questionnaires contained the application of learning modes in the different 

MST subjects including the frequency of their application during the lessons. Pupils were 

asked about their own activities during class and their own personal perception of the 

lesson. Those questions were aimed to analyze the intensity and frequency of the students` 

activities and were contrasted with the teacher's perception of their lesson. 

The two different ways of perceptions were compared. Figure 2 shows the frequencies of 

group work as perceived by teachers in different school types, a distinction was made 

between mathematics teachers and science & technics teachers according to the used 

questionnaires. Figure 3 show the same facts from student's perspective. 

 

Figure 2. Frequencies of group work perceived by teachers, results for the item "How often 

do you let students work in small groups on an assignment?"  
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Figure 3. Frequencies of group work perceived by learners, results for the item "We work 

in small groups on a problem." 

Comparing teachers' and learners' perceptions the differences increase with increasing age 

group. In primary school the perceptions of teachers and their learners are more similar to 

each other than in secondary school. During social-studies-science in primary school 

teachers claimed to use the activity working in groups more often. Comparing the teacher's 

perception of using small group work during mathematics (see figure 2) the frequency de- 

creases in passing from age group 8 to 11, then it slightly increases  in higher grades 

(comparing age group 11 and 13). Remarkably is the massive difference in perception 

between teachers and pupils about the degree of frequency. Seidel already described the 

six aspects of lesson perception (Seidel, 2003). One possible explanation for this difference 

might be the different understanding of the meaning of the phrase "working in small 

groups", since pupils often choose the option "never" in the vast majority of the cases. 

Figure 4 and 5 indicate that the working mode of "solving problems individually" is quite 

often preferred by primary teachers and it is also an essential element of lessons in higher 

grades (in secondary school).  

 

Figure 4.  Frequencies of individual work perceived by teachers, results for the item "How 

often do you let students work in individually on an assignment?" 
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Figure 5. Frequencies of individual work perceived by learners, results for the item "I work 

on my own." 

Quite astonishing are also the great differences in the frequencies of individual work 

perceived by learners in primary and secondary school (see figure 5). There might be a sort 

of gap between primary and secondary education considering the different teaching and 

learning activities in social-studies-science and MST subjects (biology, physics, and 

chemistry). The percentage of individual work increases from left (age group 8: primary 

school) to right (age group 11 & 13: secondary school). 

 

2. Location: Out-of-school learning experience (e.g. excursions) 

Learners as well as teachers were asked about out-of-school learning experience, 

especially about doing excursions. The students answered the question "Where do your 

lessons take place?". The exact two items in the questionnaire for learners (8, 11, 13 years 

old) were first: "I go outside the school building to work on a mathematics (or science) 

exercise or project." and second: "We go on an excursion." The corresponding items in the 

questionnaire for the teachers were the two following items: "I feel it is important to plan 

mathematics (or science) activities outside the classroom." and "How often do you do the 

following activities (in this case: excursions) in teaching?". The evaluation of the results 

was done in comparing the frequencies in a relative way (for learners percentages were 

given) and in absolute values for the number of teachers. 

The focus of this special aspect about outside-school learning is lying on the differences 

between the various school types.  

 

Kindergarten 

Starting with the kindergarten as first step of elementary education, it should be underlined 

that the organization of daily work is totally different from that employed in primary and 

secondary schools (for further information see Sächsisches Staatsministerium für Soziales, 

Ed., 2007). The education in kindergarten is characterized as holistic process. Each of the 

six learning fields including mathematical and science education described in the 

Educational Plan are interconnected to each other and cannot be seen isolated from the 

others like e.g. arts education. Because of this difference, the following information was 
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only related to the interviews with 12 educators in kindergarten. The answers showed that 

out-door-activities and excursions normally take place regularly. 

 

Primary School 

In primary school 254 learners aged 8 years old answered the question about out-of-school 

experiences in the two subjects mathematics and social-studies-science.  

Mathematics: 71% of them believed that they never go outside the school building and 

53% expressed that excursions never take place in their mathematics lessons. Among the 

mathematics teachers there were 9 out of 13 who considered out-of-school learning places 

as very important, but only 6 out of 12 teachers answered, that they really do any 

excursions.  

Social-studies-science: Social-studies-science is the second MST subject in primary 

education students were asked for. Most of the learners (84%) think that at least sometimes 

they go outside the school building to work on science problems during their lessons. Also 

most of them (86%) said that at least sometimes excursions take place. The answers of the 

13 teachers were reflecting the learners' statements. All of the educational staff believes 

that out-of-school learning places are more or less important for the subject social-studies-

science. Therefore it is not surprising that all of the teachers answered that they do 

excursions at least during some lessons. One can summarize that learners' and teachers' 

statements fit relatively well together. Out-of-school learning places play a large role in 

primary education, especially in social-studies-science.  

 

Secondary School 

In Saxony after 4 years of primary school learners change to secondary school, this 

transition is considered as a sensitive process in student's learning pathway (Maaz et al. 

2010; Filipp, 1995). Therefore the focus of this research lies more on the differences 

between age group 8 (primary school) and age group 11/13 (secondary school) than 

between learners of age 11 and age 13. In secondary school 277 learners aged 11 years old 

and 235 students aged 13 years old filled out the questionnaire for learners. 36 MST 

teachers in the age group 11 and 37 MST teachers in the age group 13 participated in the 

research. The following table 1 shows the number of learners who reported that they don’t 

do any excursions. 

 

Table 1  

Percentage of learners who report of no excursions. 

 

Age Group Mathematics Biology Physics Chemistry 

11 81% 42% 80% not yet taught 

13 88% 56% 72% 89% 

 

Most of the learners (72-89%) think that during their lessons in mathematics as well as in 

physics and chemistry no excursions take place. For biology only about half or even less 

learners agreed with this statement. Maybe the explanation is that biology is a subject 
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treating more or less the living nature/environment. Therefore it might be comprehensible 

that more excursions are integrated as important activity in the learning process in biology 

lessons. During physics and chemistry lessons, activities treating more or less the non-

living nature might also be arranged in an easy way inside the classroom.  

The teachers were asked what they think about out-of-school learning places and what they 

do during their lessons (e.g. going on an excursion).  

Mathematics: 13 out of 20 teachers for mathematics considered that out-of-school learning 

places are important for a good mathematical education but only 7 teachers answered that 

they go on an excursion at least during some lessons.  

Science: The vast majority of the science teachers (42 out of 53) agree with the statement 

that out-of-school learning places are important for a good science education in school. But 

only 33 of the surveyed teachers answered that they do excursions at least during some 

lessons. Comparing the answers of the two different age groups in secondary school, it 

might be remarkable that the number of science teachers supporting of the importance of 

out-of-school learning is nearly the same in both grades. But when teachers were asked if 

they really do excursions, the amount of teachers teaching students of age group 13 is 

much higher (see table 2) than the number of teachers of learners aged 11. Therefore one 

can summarize that the outcome might show that teachers in lower grades of secondary 

schools do less excursions. Maybe the teachers of lower grades feel more time pressure or 

they are less inclined to go outside school with their class than teachers in higher grades. 

This effect is only observed in the results for science teachers but not for the mathematics 

teachers, maybe because of the lower number of participants.  

 

Table 2 

Comparison of absolute numbers of teachers of age group 11 and 13. 

 

Age 

Group 

Overall number of 

science teachers 

Teachers with a positive view on 

the importance of out-of school 

learning places 

Teachers doing 

excursions at least 

sometimes 

11 26 19 12 

13 27 23 21 

 

 

DISCUSSION AND CONCLUSION 

This research is a quasi-longitudinal study and allows to compare the experiences made by 

teachers and learners during MST lessons in the different school types in Germany 

(Saxony). But while drawing comparisons one has to keep in mind that the subject social-

studies-science includes also aspects of society, local history and geography. Therefore it 

might be tricky to compare social-studies-science taught in primary school to the natural 

science subjects like biology, physics, and chemistry in secondary school. But regardless 

of the special subject taught there might still be a small gap between primary and 

secondary school (Heine, Willeke, Best, & Pospiech, 2013, Möller, K., & Labudde, P., 

2012). In primary school the regular use of many different learning forms (like group 

work, individual learning, out-of-school learning places, station work etc.) is very 
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common, whereas in secondary school the variety of learning activities changes and also 

decreases. In primary education, out-of-school learning is considered to be more important, 

maybe due to the more phenomenological approach to natural science. Therefore the 

problem that has still to be solved is to reduce this gap between primary and secondary 

education. For a continuous educational progress especially in MST subjects, which are 

important for students’ future career in a more technical environment, the communication 

between the responsible persons for primary and secondary educations has to be 

stimulated. Also teacher education at university and teacher trainings are an important 

milestone to address this issue. 
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Abstract: A rigorous research program conducted by the SECURE consortium 

scrutinizes and compares current mathematics, science and technology (MST) 

curricula for pupils aged 5,8,11 and 13 in ten EU member states, as they are intended 

by the authorities (in legal documents), implemented by the teachers and perceived by 

the learners. The research at all three levels is designed in accordance to the curricular 

spider web (van den Akker, 2003) with addition of the item “attitude”. The 

instruments used consist of a transnational comparative screening instrument for MST 

curricula, as well as school data collection instruments: teachers’ and learners’ 

questionnaires and interview protocols. Research in altogether almost 600 classes (i.e. 

150 classes of each age) has been done with involvement of ca. 9000 learners and 

1500 teachers. Cross-country summary of national curricula documents and the 

analysis of the collected school data reveal a wide common ground in all ten partner 

countries. In this contribution a part of the research concerning the average European 

results on learners’ attitude towards MST school subjects, teachers’ attitude towards 

teaching and the presence of the goals belonging to the affective domain in MST 

written curricula, is presented. 

Keywords: mathematics, science and technology, curriculum, primary education, 

lower secondary education 

 

BACKGROUND AND FRAMEWORK 

SECURE is founded as a collaborative project under FP7 to provide data and research 

results of current mathematics, science and technology (MST) curricula across 

Europe. The overall aim of the SECURE project is to make a significant contribution 

to the European knowledge-based society by providing relevant research data that 

prompt public debates on this issues. Based on good practices and other research 

results, SECURE will formulate a set of recommendations for policy makers and 

other stakeholders on how MST curricula and their delivery can be enhanced. These 

improvements would need to focus on encouraging and preparing children from an 

early age on for future careers in MST. At the same time curricula should make MST 

more accessible and enjoyable for all children so that they will always keep a vivid 

interest in mathematics, science and technology, understanding the importance of 

their societal role. 
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Rationale and Purpose 

The role of the affective domain in learning was recognized many years ago and for at 

least 40-50 years it has been studied intensively by researchers, among others, in 

mathematics and science education (e.g. Middleton & Photini, 1999; Osborne et al., 

2003; Logan & Skamp, 2008). Recently this domain has also appeared in the field of 

view of the policy-makers, becoming together with knowledge and skills, one of the 

three main components of, so called, key competences for lifelong learning, issued by 

European Council less than a decade ago (European Council, 2006; Key 

Competences, 2007): 

Competences are defined here as a combination of knowledge, skills and 

attitudes appropriate to the context.  

Cognitive and affective components of learning  have been lately researched (together 

or separately) in a large number of studies, including world - wide studies, such as 

PISA, 2012 (of 15 year olds), TIMSS, 2011 (of 10 and 14 year olds) and ROSE, 2009, 

(Sjøberg & Schreiner, 2010 ; of 15 year olds). Nevertheless, apart from research on 

educational practices, the joint studies on mathematics, science and technology 

education barely ever come onto the stage. As to our knowledge, also addressing 

several different stages of schooling in one study is not a common practice. The 

SECURE project was established to fill this gap by providing research outcomes on 

state-of-the-art MST curricula, their implementation and their perception by teachers 

and learners of four purposeful chosen and well-distinguished ages of early schooling.  

 

Theoretical Framework 

Different meanings of “curriculum” can be found in different contexts of educational 

research (Taba, 1962; Jackson, 1992; Pinar, Reynolds, Slattery & Taubam, 1995; 

Walker, 2003). To get a complete overview of the curriculum, its analysis should be 

done at five different levels with respect to the curriculum users (van den Akker, 

2003): Supra (international), Macro (national), Meso (school, institute), Micro 

(classroom, teacher), Nano (pupil, individual).   In 2003, van den Akker proposed 

curriculum representation on a spider web (Figure 1), with Rationale located in the 

center and nine other components (Aim and Objectives, Content, Learning activities, 

Teacher role, Materials and Resources, Grouping, Location, Time, Assessment) 

placed around it, becoming the nine threads of the spider web, connected at five 

curriculum levels. It is worth to notice that the spider web does not address the 

affective domain, which becomes especially important starting from the Meso level 

downwards. 

As it is already known from other studies, attitude and interest in MST may consist of 

a large number of components (Osborne et al., 2003; Kobella 1989) and can be 

researched from different angles (e.g. “attitude towards MST in general”, “attitude 

towards school MST” etc.).  They may also overlap with each other or even with 

other constructs, such as ‘motivation’, ‘self-esteem’ and so on (Logan & Scamp, 

2008). For the purpose of this study ‘attitude’ is limited to ‘attitude towards school 

MST subjects” (Osborne et al., 2003). 
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Figure 1. Curriculum spider web, based on the original work of van den Akker 

(2003). 

 

RESEARCH QUESTIONS 

The research instruments developed in SECURE project enabled us, among others, to 

study the attitude and motivation towards school MST subjects from learners’ 

perspective, as well as teachers’ perception on their attitude towards teaching MST 

subjects and on motivating the learners, and to search for information on goals 

belonging to the affective domain, detected in core curricula documents.   

Learners’ opinions about the sources of motivation towards MST school subjects and 

teachers’ opinions about  importance and difficulty of motivating the learners towards 

MST subjects have been already addressed elsewhere (Sokolowska et al., 2014). Thus 

in this part of the study the research questions are the following: 

RQ1. Are there any indications of addressing the affective domain (in particular, 

attitudes towards MST) in core curricula? 

RQ2. What is the teachers’ attitude towards teaching MST subjects? 

RQ3. What is the learners’ attitude towards MST subjects across Europe? 

RQ4. Does the learners’ attitude change across ages or differ across genders? 

 

METHOD 

A total of 11 partners in 10 EU countries were involved in the project: Austria, 

Belgium (limited to Flanders), Cyprus, Germany (limited to Saxony), Italy, the 

Netherlands, Poland, Slovenia, Sweden and the United Kingdom (limited to England).  

The SECURE research was focused on 5, 8, 11 and 13 year old learners, their science 

curriculum and their teachers. The choice of these ages was done to investigate in a 

comparable way among the involved countries the bridges and the gaps that exist in 

curricula, on one hand - between kindergarten and primary school and, on the other 

hand - between primary and middle schools. 
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To ensure a profound view on the MST-curricula at the different levels, the research 

focused on: 

(1) The formal intended MST-curriculum by comparing written MST curricula in the 

10 participating EU countries. It was decided to focus on mathematics, technology 

and (natural) sciences (restricted to biology, chemistry, physics and whenever 

appropriate, also to physical geography). 

(2) The implemented MST-curriculum which takes into account the perceptions of 

teachers who put the curricula into practice in the day-to-day class activities.  

(3) The attained experiential curriculum which focuses on the learning experiences of 

the pupils, the final and most important recipients of the MST-curricula.  

Data collection in schools took place in two phases: a pilot study, conducted only in 

four member countries (Germany, Italy, the Netherlands and the United Kingdom) 

and, then, the systematic, core studies. The pilot study involved a small number of 

classes and was performed to test and evaluate the first version of the school data 

collection instruments. After piloting, the instruments were redesigned and in all ten 

member countries the systematic collection of data in schools has been performed in 

15 classes of each age group of learners. On the whole almost 600 classes, 1500 

teachers of mathematics, science and technology, and 9000 learners have been 

involved in the study. 

The research framework was constructed upon the curriculum spider web (van den 

Akker, 2003) with an additional “attitude” component. This item is indispensable for 

researching perceptions of teachers and learners, and can be considered as both, the 

result of previous learning process and a prerequisite of education in the future 

(Sokolowska et al., 2014). As such, it lies at the heart of the research of needs in 

education.   

The research instruments consist of a curriculum screening instrument (CSI), and of 

the school data collection instruments: teacher questionnaires, learner questionnaires 

(limited to 8,11 and 13 year olds) and interview protocols for all age groups of pupils 

and their teachers. The outcomes obtained from interviews will not be included in this 

study. 

 

RESULTS AND DATA ANALYSIS 

Study of core curricula documents revealed a great diversity of schooling systems and 

approaches to legal documents, which also counts for addressing the affective domain 

of learning. In particular when screening the curricula documents, the question has 

been asked, separately for each subject: ‘Are there any goals belonging to the 

affective domain (awareness, appreciation, willingness, satisfaction, attention, 

motivation, attitude etc.) mentioned for MST education?’ The outcomes in terms of 

degree of emphasis put on the affective domain in eight European countries are shown 

below for mathematics (Table 1), science (Table 2) and technology (Table 3). It is 

worth to notice that no distinction between different aspects of the affective domain, 

listed above, is provided in the tables. 

 

 

Strand 10 Science curriculum and educational policy

1897



 Table 1 

Results of screening core curricula documents searching for answer to the question: 

‘Are there any goals belonging to the affective domain (awareness, appreciation, 

willingness, satisfaction, attention, motivation, attitude etc.) mentioned for 

mathematics education for 5, 8, 11 and 13yo learners?’ 

Country 5yo 8yo 11yo 13yo 

Austria all mentioned yes yes yes 

Belgium over a dozen over a dozen over a dozen over a dozen 

Cyprus some some some some 

Germany mentioned a few no no 

Italy no no no no 

Poland no no no no 

Sweden no one one one 

Slovenia some some some some 

 

Examples of expressions found in mathematics part of the core curricula in 

connection to attitude, motivation and interest:  

Belgium (5,8 and 11yo): Pupils should learn how to enjoy the search for 

solutions of a problem. 

Belgium (5,8 and 11yo): Pupils should appreciate mathematics as a dimension 

of human inventiveness. 

Slovenia (8,11 and 13yo): Pupils develop confidence into their own mathematical 

competencies, responsibility and positive attitude towards work and mathematics 

  

For mathematics it is visible that in one-third of the cases the affective domain does 

not influence mathematics curricula, with Italy and Poland being the only two 

countries not addressing this aspect at all. In 38% of the cases the affective domain is 

mentioned  occasionally, and only in 28% more attention is put on that aspect, mostly 

in Austria and Belgium. It is worth to notice that the emphasis put on the inclusion of 

affective domain aspects into mathematics curriculum does not differ much with age 

in most countries.  

Examples of expressions found in science part of the core curricula in connection to 

attitude, motivation and interest:  

Sweden(5yo): … the children are stimulated and challenged in their interest for science 

and technology 

Belgium(8 and 11yo): "(learners should) have fun with activities allowing them to 

explore the world" 

Slovenia (8yo): …wider general goals of education are implemented, such as… 

emotional goals (positive self-esteem, attitude towards nature) 

Belgium (13yo): (education must develop) general and specific attitudes and the 

growth towards active learning should be central in the learning process  
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In science curricula the lack of goals belonging to the affective domain is reported 

again in one-third of the cases, however stronger emphasis is visible in the others. As 

concern each particular country, the picture is more mixed across ages than in the case 

of mathematics, but in general, the older the learners are, the less attention is paid to 

goals belonging to the affective domain. The most emphasis is put there in Slovenia, 

Cyprus and, again, in Austria. 

Table 2 

Results of screening core curricula documents searching for answer to the question: 

‘Are there any goals belonging to the affective domain (awareness, appreciation, 

willingness, satisfaction, attention, motivation, attitude etc.) mentioned for science 

education for 5, 8, 11 and 13yo learners?’ 

Country 5yo 8yo 11yo 13yo 

Austria all mentioned yes yes yes 

Belgium a few a few a few some 

Cyprus many many many some 

Germany some one  a few a few 

Italy no no no no 

Poland no one a few no 

Sweden yes no no no 

Slovenia some many many many 

 

Table 3 

Results of screening core curricula documents searching for answer to the question: 

‘Are there any goals belonging to the affective domain (awareness, appreciation, 

willingness, satisfaction, attention, motivation, attitude etc.) mentioned for technology 

education for 5, 8, 11 and 13yo learners?’ 

Country 5yo 8yo 11yo 13yo 

Austria some yes yes yes 

Belgium no no no yes 

Cyprus no a few some some 

Germany no a few  one no 

Italy no no no no 

Poland one one a few one 

Sweden yes yes yes yes 

Slovenia no a few some some 
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Examples of expressions found in technology part of the core curricula in connection 

to attitude, motivation and interest: 

Belgium (13yo): The technics course should increase the interest of students in 

engineering (Lisbon Objectives)  

Belgium (13yo): (a learner) needs knowledge, skills and attitudes in the domain 

of technics in its broad meaning. 

 

For technology, again in one-third of the cases the affective domain is not mentioned 

at all, in others it is not so much pronounced as for science. Among eight countries the 

greatest emphasis is put on it in Austria and Sweden. 

The conclusion is that in general across MST subjects the affective domain is most 

frequently approached in science,  a bit less in mathematics and the least – in 

technology education. The goals belonging to the affective domain are mentioned for 

older learners a bit more often in technology and a bit less frequently in science, while 

for mathematics the picture is more homogenous.  Among eight countries only 

Austria seems to put similar emphasis on affective domain across all ages and MST 

subjects. 

In order to study the learners’ attitude towards MST subjects the following procedure 

is adopted. Questionnaires for 8, 11 and 13 year olds contain sets of items, comprising 

of four exactly the same questions about positive attitude towards each subject: 

mathematics, science and technology and one additional statement, included only for 

11 and 13 year olds (Table 4).  

 

Table 4 

A sub-set of items on attitude towards school MST subjects, included in learner 

questionnaires. 

Questionnaire for 8yo Questionnaire for 11 and 13yo 

1. I like the things I learn in the subject 1. I like the things I learn in the subject 

2. I enjoy learning the subject. 2. I enjoy learning the subject. 

3. I would like to do more the subject. 3. I would like to do more the subject. 

4*.The subject is boring. 4*.The subject is boring. 

 5. I like the subject more than most 

other subjects. 

 *Reversed items 

 

For 8yo learners only three levels of agreement has been anticipated for each 

statement, whilst for 11 and 13 year olds a 4-point Likert scale has been attributed to 

each statement. In order to facilitate a comparison between ages, each answer was 

scaled as follows. For 8yo ‘no’ has been given a value of ‘1’ , ‘a bit’ – a value of ‘2’ 

and ‘yes’ – a value of ‘3’. For 11 and 13yo ‘I completely disagree’ has been given a 

value of ‘1’, ‘I disagree’ has been equated to ‘2’, ‘I agree’ has been given a value of 

‘3’ and ‘I completely agree’ has been equated to ‘4’. Answers given by each pupil to 
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all items in the sub-set were summed up and the sum was every time rescaled to the 

range 0..10 (Johns, 2010). It is worth to notice that whenever more than one science 

subject is taught at a certain age in the particular country, all the answers collected for 

different science subjects are summed up and jointly rescaled to range 0…10, 

accordingly. The issue of rescaling two Likert scales with differing responses is not 

new and was elaborated for example by Attwood et al. (1993) for the case of 2- and 4-

point scales, showing correlations of not less than r   0.88. The averages over the 

entire sample of learners, questioned in 10 European countries are presented in Fig.2. 

 

 

Figure 2. Attitude towards MST subjects across ages and genders in ten European 

countries. Results for science comprise all science subjects. 

 

The results reveal that for all three subject domains the learners’ attitude decreases 

with age. For boys the greatest drop in positive attitude is always observed between 

age 8 and 11, and between 11 and 13 – the decrease is much less pronounced. For 

girls the trend is similar, except for technology, where decreasing trend prevails 

across all three ages. The boys show better positive attitude towards all subjects 

across primary and lower secondary schools, except for age 8, when in science and 

technology the girls seem to score higher in their attitude than the boys. It must be 

notice that across countries a variety of science and technology subjects is taught 

across ages, so the results in Figure 2 show only a general tendency. More detailed 

elaboration of the outcomes with division on separate subjects is out of the scope of 

this paper and will be presented elsewhere. 

A huge difference in attitude towards MST school subjects between ages 8 and 11 

requires investigation of  teachers’ attitude towards teaching. In teacher 

questionnaires two relevant questions have been asked, as listed in Table 5. 
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Table 5 

A sub-set of items on attitude towards teaching school MST subjects, included in 

teacher questionnaires . 

1. I enjoy teaching the subject. 

2. Teaching the subject worries me, because I do not always know the 

answers to pupils’ questions. 

 

A 4-point Likert scale has been attributed to each statement. For the above mentioned  

subset of items, unlike for learners, a strategy of averaging each item separately was 

implemented. Different levels of agreement have been assigned different values, 

emphasizing a greater gap between disagreement and agreement, than between two 

levels of disagreement, as well as two levels of agreement. Thus ‘I completely 

disagree’ has been given a value of ‘-1’, ‘I disagree’ has been equated to ‘-0.5’, ‘I 

agree’ has been given a value of ‘+0.5’ and ‘I completely agree’ has been equated to 

‘+1’ (Sokolowska et al., 2014).  The average results for ten European countries 

available across four ages, 5, 8, 11 and 13 are presented in Fig.3 

 

 

Figure 3. Attitude towards teaching MST subjects across ages in ten European 

countries. Results on the right comprise all science and technology subjects. 

 

The statements listed in Table 5 have a reverse meaning in a sense that positive 

answer to the first question should imply a negative answer to the second one. This 

trend is, indeed, visible in both graphs in Figure 3. In general, it can be seen that 

teachers’ enjoyment of teaching slightly increases with age of pupils, and despite the 

MST subject, teachers are more self-confident teaching older learners. 
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CONCLUSIONS 

The study presented a limited selection of the data collected in the SECURE project 

researching MST written curricula, their implementation in everyday practice and 

perception of teachers and learners. In particular the affective domain appearance in 

the curricula documents, learners’ attitude towards MST school subjects and teachers’ 

attitude towards teaching have been investigated across pupils’ ages and different 

subjects. 

Screening the core curricula documents revealed that the affective domain of learning, 

in particular goals putting emphasis on awareness, appreciation, willingness, 

satisfaction, attention, motivation, attitude etc. in MST education are not frequently 

detected in legal documents. Thus the message about their importance may encounter 

the problems to be transferred from research in education and general European vision 

(e.g. expressed in the key competences) to an everyday practice, because, as SECURE 

research showed elsewhere (de Meyere et al., 2013), ‘whatever is happening in the 

classroom, never goes beyond the emphasis encountered in the legal documents’. 

A non-sufficient attention paid to the affective domain seems not to have 

consequences on very young learners, at the beginning of schooling, but may have an 

impact on them in the course of further education, as occurs from learners’ response 

to the questionnaires. A substantial drop of the pupils’ positive attitude towards MST 

school subjects has been detected between age 8 and 11 for all MST subjects across 

ten European countries of diverse school systems and curricula, comparably to the 

outcomes reported recently by Turner and Ireson (2010) on a much smaller scale. This 

tendency is not followed by teachers’ attitude towards teaching. On the contrary, the 

teachers of all subjects show a very good positive attitude and self-confidence, even 

slightly increasing with learners’ age. This contradiction is even more pronounced 

when the results on the impact of all three items: topics, activities and teachers on 

pupils’ positive attitude towards MST school subjects are called (Sokolowska et al. 

2014). A substantial drop of the influence of all three items is visible, again, between 

age 8 and 11. The results show as well that despite the age, ST teachers have the least 

impact on pupils' positive attitude towards those two subject, much smaller than 

topics and activities experienced in the classroom. 

Thus the joint results reveal the need for more attention to be given to the affective 

domain at different levels of  MST curricula, by  (1) inclusion in legal documents 

more specific goals linked to motivation, attitude and interest of pupils, (2) 

highlighting the importance of the affective domain in teacher pre-service education 

and (3) giving the teachers training supporting development of  pupils’ motivation for, 

interest in and attitude towards MST subjects. 
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Abstract: It is described how teachers and learners perceive the mathematics, science and 

technology (MST) curricula they are engaging with in two different educational systems, 

those of Austria and Cyprus. Curricula are significant policy statements that often intend to 

provide binding specifications on content, methods and/or anticipated learning outcomes. 

They function as guidelines for the creation of teaching-learning resources, for setting the 

approach and emphases of assessment and for framing the efforts and practices of teachers. 

The Austrian curriculum documents have a descriptive character and lay emphasis on the 

process of learning, whereas the Cypriot curriculum documents are more specific and content 

oriented. The main purpose of our study was to examine, through a mixed-methods approach, 

the existing MST curricula as interpreted by their users, mainly teachers, and as experienced 

by the students. The research targeted teaching and learning at the ages of 5, 8, 11 and 13 

years of age, as representative of pre-primary, primary and lower secondary education. For 

this purpose, we have collected data from teachers and learners through interviews and 

questionnaires. In our analysis, the focus lays on the perspectives and rationales of teachers 

and students on MST learning and their perceptions of aims and objectives of MST curricula. 

Their notions on how the curriculum is applied in the school context through learning 

activities and the way they understand their roles when engaging with these activities are also 

explored. Environmental aspects, such as materials and resources students and teachers have 

access to, along with the support structures of the educational systems such as professional 

development provisions, have an influence on the learning reality which must be taken into 

account when developing curricula. 

 

Keywords: curriculum, educational system, learners’ interest, teachers’ perception 

 

INTRODUCTION 

Next to what should be taught, a curriculum also combines thought, action and purpose, being 

“[…] a specific, tangible subject that is always tied to decision making within institutions 

[…]” (Null, 2001). In this study, diversions between the educational systems of Austria and 

Cyprus on their published curricula, as well as on aspects like the way teachers are trained, 

and materials and resources available for teaching practice are taken into account, in an effort 

to identify routes of differences and similarities on perceptions of teachers and learners 

between the two countries. The research is part of the 7th framework project SECURE 

(Science education curriculum research) which investigates mathematics, science and 

technology curricula and their implementation in ten European countries. Based on the three 

common curriculum representations (Goodlad, 1979; van den Akker, 2003), their further 

distinction was the foundation of the projects’ research. Looking at the 'intended', 

'implemented' and 'attained' curriculum the following items were addressed: the visions and 

intentions in the documents, the interpretation and actual process of teaching and learning as 

well as the learning experiences as perceived by learners (van den Akker, 2003). Learning 
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outcomes which are also part of the attained curriculum were not targeted in this study as it 

emphasis lays on the perceptions of teachers and learners. Nevertheless, as learners’ gaining 

knowledge is a major aim of school education and as such also included in the evolving 

curricula over the school years, links are drawn to achievement effects in context. 

Since the curricula in Austria and Cyprus are very different, in particular in the conceptual 

aspects rather than on the subject content, it seems worthwhile to take these data out of the 

overall SECURE data set and perform a detailed investigation: To which extent are these 

differences also reflected in the teachers´ and students´ perceptions of the curriculum and in 

the actual teaching?  

 

Variations between the two educational systems 

As one major difference, teacher training does not only defer on the degrees that qualify 

teachers but partly also on the level of education which it is situated at. For kindergarten, 

teachers have to pass a five year vocational school on the level of secondary education in 

Austria, whereas a bachelor degree on general education at university is required in Cyprus. 

In both countries, a bachelor degree on tertiary level qualifies primary school teachers. 

Variations occur again in the teacher training for lower secondary schools. Teachers in 

Cyprus teach one subject only and must have a bachelor degree in their specific discipline, 

followed by an obligatory one-year course on pedagogy and didactics at university before 

teaching in school. In Austria, teachers for secondary school either complete a bachelor study 

at the University of Teacher Education or attend a general university earning a master degree 

which also qualifies to teach in upper secondary schools, both involving content, didactic and 

pedagogy training in two or more subjects.  

Moreover, the age of learners enter lower secondary school inhere variations. Whereas 

learners in Austria cross over from primary to secondary school when being 10 years old, in 

Cyprus they do this step by the age of 12 years. For the sample used in the research, this 

concretely affects the age group of 11 years old as those learners are being educated in 

primary school in Cyprus while attending lower secondary school in Austria.  

Furthermore, the choice of textbooks is made on a different level. Those, teachers and learners 

have available in class for their MST lessons are provided by the Ministry of Education for all 

public schools in Cyprus. In Austria, the choice of textbooks is on school level. Out of a list of 

approbated textbooks and teaching aids which is provided by the Ministry of Education, the 

decision is made at teacher’s conferences, taking into account also opinions of parents’ 

representatives.  

 

METHODOLOGY 

Targeting teaching and learning at ages 5, 8, 11 and 13 years, we have worked with a sample 

of each 15 kindergartens, primary and lower secondary schools in both countries. Two cities 

and their suburbs as well as countryside schools were visited in Cyprus. Austria focused on 

the province of Styria. Diversification in location was guaranteed by selecting a third of 

visited schools being located in a city, town and on the countryside. In a meeting with 

headmasters, participating classes were specified. Questionnaires for learners of 8, 11 and 13 

years have been designed within the SECURE program and were completed with researchers 

present; teachers of all age groups and MST subjects in chosen classes were also given 

questionnaires. Additionally, learners and teachers from 6 schools per age were interviewed. 

Concerning kindergartens, learners of all 15 samples were talked to because questionnaires 

could not be used. Learners were interviewed in groups of 4, each 2 boys and 2 girls, teachers 
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individually. For analysis, the basis consisted of a questionnaire sample of 1651 learners and 

352 teachers as well as the interview sample of 264 learners and 128 teachers, both gathered 

in the two countries. 

For interviews with both learners and teachers, semi-structured interview guidelines were 

used with questions related to the curriculum spider-web components, as formulated by the 

model of van den Akker (van den Akker, 2003). The category motivation and interest was 

added, going into depth on issues targeted in the questionnaires as well. Transcripts were 

coded based on grounded theory (Corbin & Strauss, 1990) according to a pre-set structure of 

categories related to the curriculum spider-web components. Further subcategories were 

derived during analysis. By using SPSS, questionnaires were majorly descriptively analyzed. 

Results presented here were derived from the triangulated analysis of the interview and 

questionnaire results aligned to the curricula, for conclusion also referring to the variations 

between the two educational systems of Austria and Cyprus. 

 

RESULTS 

The status of the curricula documents for the age group of 5 hold differences as other than in 

Cyprus, there is no obligatory nationwide curriculum for Austria. Instead a national 

educational framework plan as guideline was introduced in 2009 only. Kindergarten as well 

as connected standards are liable accordant to the law on federal level. Age group 5 teachers 

in Austria welcome the plan to establish kindergartens as elementary part of the educational 

system. In Cyprus, there have been adoptions in the curricula documents. Cypriot teachers 

feel good about there being an update with the new curriculum and a new approach. These 

statements show that in both countries teachers care about the system’s evolution and their 

personal improvement. 

 

Separate curriculum documents are available for kindergarten, primary school as well as 

lower secondary school in both countries with the exception of mathematics in Cyprus. This 

curriculum is for learners from the age of 5 to 18 years, covering general aims and didactic 

principles of mathematics and subject areas with examples of activities in two chapters with a 

total of almost 500 pages. The science and technology curriculum for Cyprus for 5 year olds 

include five chapters covered within less than 200 pages and including parts on the rationale, 

the role of the kindergarten teacher, lesson development as well as subject areas with 

examples of activities. Comparing the Austrian educational framework plan for all 

educational sectors, there are five chapters, including relevant parts of less than ten pages with 

the role concept of teachers and principles of educational processes, education and 

competences as well as educational sectors. An additional module for the last year of pre-

primary school illustrates a more in-depth characterization, including scientific basis, 

information for development and differentiation of competencies as well as impulses and 

examples for design of learning environment and educational processes in less than 25 pages. 

As mentioned before, those documents are not binding for but still put into practice by the 

vast majority of kindergarten teachers. Whereas for primary as well as for secondary school 

for science and technology in Cyprus each four chapters include relevant parts of subject 

areas with objectives per each, teaching methods and assessment methods in less than 25 

pages per subject, there is a difference between those in Austria. In primary and lower 

secondary school curricula the chapters of general educational aim as well as general didactic 

principles are in common. Besides, within the total of nine chapters in primary school, 

additional MST relevant parts consists on determined hours of obligatory subjects and one 

about educational and teaching task making a total of about 75 pages. Last mentioned 
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additionally includes subject matter, didactic principles of subjects, structured in different 

experience and study context which are further specified in the subject matter. The only six 

chapters for lower secondary school contain to the before mentioned also one about school 

and lesson planning combined with the definition of core curriculum and the extension area of 

subject matter. Subsidiary and autonomous determined hours of subjects in addition to 

educational and teaching tasks with didactic principles of subject matter are those parts 

concerning MST subjects as well summing up to 25 pages about general and five to six pages 

for each subject. For Austria, in addition to the curricula documents, teachers also need to 

take into account many promulgations. 

 

The strong content focus in the Cypriot curriculum can be seen among teachers, defining 

themselves mainly as instructors, strongly targeting on achieving aims. Despite the more 

descriptive character of the Austrian curriculum documents, teachers feel a similar 

commitment to cover the curriculum as teachers in Cyprus. In both countries, most of the 

teachers think that the level of the curriculum is suitable for learners. Nevertheless, the 

curricular load and appropriate time are not experienced as balanced which has a negative 

effect on implementation especially of practical approaches. Austrian teachers feel challenged 

when balancing low with highly interested or talented learners and deal with this individually. 

Whereas Cypriot teachers emphasize on weaker learners, average achievers are the main 

focus in Austria.  

 

In Cyprus, most of the teachers agree that aims and objectives are visible and comprehensible 

in curriculum documents, in Austria the majority of teachers agrees on them being general 

and formulated broadly and clearly. As can be seen in figure 1, only twenty percent of 

mathematics teachers in Cyprus as well as science and technology teachers in Austria disagree 

that the curriculum gives them a clear view of what is expected from learners. Those teachers 

responding with do not know/not applicable come from kindergarten, therefore reflecting the 

uncertain situation mentioned at the beginning of this section. An objection raised in the case 

of Cyprus is in the spiral organization of mathematics curriculum, causing some problems in 

teachers’ opinions which may be confounded by newly introduced curriculum innovations. 

Having a framework plan in Austria, certain specifications on how to reach goals are missed 

sometimes as the emphasis of the curriculum is explicit on the process of learning. However, 

there are teachers who prefer this freedom enabling them to choose objectives for their 

lessons.  

 

 

 

 

 

 

 

 

 

 

      

Figure 1. Curriculum gives a clear view of what is expected from learners. 
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In Cyprus, around seventy percent of teachers indicate to have determined aims and 

objectives at their schools in all MST subjects with around only half of the teachers stating 

this in Austria. Whereas colleagues support is offered about the same in both countries, 

teachers in Cyprus point out to coordinate with others teaching the same lesson in their school 

about which aims and objectives to emphasize, while in Austria except in the case of 

mathematics most of them act autonomously.  

 

Teachers and learners of all ages and subjects in both countries highlight the motivating 

aspects of practical activities, which decrease with age in mathematics. Looking at data from 

learners in both countries, the frequency of doing practical work correlates with their 

indication to like the subject because of the activities done in class (mathematics: rs (1134) = 

.27, p < .01; science: rs (1139) = .33, p < .01; technology: rs (927) = .36, p < .01). The case of 

technology in Cyprus is a good example as classes have a stronger theoretical approach for 

age group 13. While the practical approach and learners’ interest remain high in Austria with 

respect to the subject technology, the decrease of practical activities in Cyprus results in a 

lower level of interest of learners (figure 2 and 3). Learners like experimenting in science for 

its’ own sake, but also emphasize that backing up theory with practical activities help for their 

comprehending as “One can understand everything easier through experiments”. Also 

carrying out experiments by themselves gives them an extra motive to be engaged in learning 

activities, as seen when reflecting on their behavior: “The most important thing is that we can 

do something by ourselves. We get loud when we only have to listen to the teacher”. Teachers 

also see the preference of learners getting active, as stating “Students like it more when 

designing and carrying out experiments themselves”. Practical activities therefore are not 

only connected to motivation by teachers and learners, which has a medium impact on 

students’ achievement but also to behavior in class according to learners, even having a high 

one (Hattie, 2009). When doing science experiments, Austrian teachers emphasize on learners 

working alone or in groups. Cypriot teachers demonstrate approximately half the experiments, 

the rest are carried out by learners in groups. This may be related to curriculum documents, 

where practical approach is encouraged in Austria and only implied into content in Cyprus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Frequency of practical activities in technology perceived by learners. 

Figure 3. Learners indicating to like technology because of the activities. 
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A limitation that affects teachers in their practice is the large size of the class. Depending on 

the subject, between twenty-five and thirty-nine percent of MST teachers in both countries 

indicate that a large class size limits teaching a lot. Even though this result is in contrast to 

findings that the class size only plays a minor role in the parameters influencing students’ 

achievements (Hattie, 2009), teachers perceive it as important for their teaching practice. 

Cypriot and Austrian teachers express the wish for smaller groups like the applied split 

classes in technology in both countries, as they feel practical activities, especially experiments 

in science, as well as the respondence to individual needs are easier to implement. “It would 

be better if the class was split in order to have less students and work better in groups” and 

“The smaller the group the better I can respond to learners individual needs” are teachers 

explanations for their preference of working with less learners. While Cypriot teachers of 8, 

11 and 13 year olds say they let work learners in small groups when exercising mathematics 

problems or constructing in technology, Austrian learners usually work within the total class 

community or alone. Furthermore, merging learners of different ages for activities is 

described as valuable for both interest and understanding but is only described for Austria 

with few existing examples.  

 

 

 

 

 

 

 

 

 

 

 

 

In both countries, sympathy for the teacher influences learners’ attitude towards subjects. 

Even though this trend decreases, by the age of 13 years still more than half of the students 

indicate to like the subject because of the teacher. Going into depth, two main reasons 

emerge. “The level of our understanding depends on the teacher” explains a student the main 

one as in order to understand and overcome difficulties, prevalently occurring in mathematics, 

they need good explanations and at times more or different approaches. “We need 

explanations in a way that makes sense and not only learn by heart how to solve particular 

problems (=senseless!)” Further, also the attitude of the teachers towards learners have an 

impact as a student expresses “Sometimes teachers say ‘If you did not understand something 

just ask.’ If one then says something they immediately yell as us and say ‘Did you not 

listen?!’” Teacher clarity as well as the relationship between teachers and learners both have 

a high influences on students’ achievement as well (Hattie, 2009). Successful teaching for 

Cypriot teachers is mainly connected to make learners aware of the usefulness with nearly a 

third of mathematics teachers and close to half of science and technology teachers indicating 

to make connections to the daily life of learners in almost every lesson (figure 5). While there 

is a degreasing tendency in mathematics in Austria, it stays stable over the ages in Cyprus, 

dropping by the age of 13 only. This could be due to the fact that at this point, Cypriot 

learners attend lower secondary school. For science and technology, the relation to learners’ 

Figure 4. Large class size limits teaching. 
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daily life is increasing after the age of 5, staying high after while steadily increasing over the 

ages in Austria. Whereas Cypriot teachers lay their focus more on making aware of the 

usefulness of MST, Austrian teachers stronger emphasize on enthusing learners for their 

subject with more than sixty percent in mathematics as well as in science and technology who 

see motivating pupils as most important factor for successful teaching (figure 6). For both 

countries, motivating students in mathematics stays stable over the ages. Differences occur for 

science and technology as teachers find it very important over all ages, whereas in Cyprus this 

increases over the years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The textbook use of the teacher in class indicates variations among Austria and Cyprus, 

excluding the age group of 5 year olds as there are no textbooks available for neither country. 

For mathematics as well as for science and technology, a higher percentage of Cypriot 

teachers uses textbooks as primary basis of their lessons as can be seen in figure 7. However, 

the same trend appears for both countries concerning the different subjects: The majority of 

teachers use the textbook as primary basis when teaching mathematics while it is more often 

used as supplementary resource for science and technology classes. Those not using a 

textbook for their lessons are majorly technology teachers only, who hardly get any in Austria 

and only for 13 year olds in Cyprus. The stronger use of textbooks as supplementary resource 

in Austria might be explained with the possibility to choose among approved ones on school 

level. Because of a higher fluctuation of textbooks to work with, teachers can also take 

advantage of those they have already been working with before. Cypriot learners perceive the 

frequency of the use of (text)books during class about the same in all subjects, except for 

technology in primary education where it is less. The perception of Austrian learners is 

different as they state to use them most in mathematics, followed by science and technology 

across all ages.  

 

 

 

 

Figure 5. Relate to daily life. Figure 6. Motivating pupils is most important. 
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In both countries, the majority of learners and teachers of all ages think MST to be an 

important part of education and learners’ development as individuals. Also the importance of 

professional development, having an impact on students’ achievements as well (Hattie, 2009), 

is seen by teachers in Austria and Cyprus. Though professional development seminars take 

place in both countries, there is need for more, with even above forty percent of science and 

technology teachers close to half state that the range of courses is not sufficient (figure 8). 

Also highlighting the lack of professional development courses in the interviews, in particular 

in class application is addressed: “There is need for more professional development. Despite 

some seminars are given quite rarely, we need more practical examples.” Going into detail in 

comparison, two age groups stick out: For Austria, this is teachers of the age group of 5 years 

as over sixty percent see more need for professional development courses in all MST subjects. 

The same appears for more than half of teachers of 11 year olds in Cyprus in all MST 

subjects. This might also be connected to the teacher training which is on secondary level in 

Austria but on tertiary in Cyprus for teachers of the age group of 5. Teachers of 11 year olds 

earn a bachelor degree on general education in Cyprus as this age group is still part of primary 

school whereas teachers in Austria already focus on specific disciplines in their studies as 11 

year old learners are educated in secondary school.  

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Use of textbooks indicated by teachers. 

Figure 8. Sufficient range of courses for professional development. 
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CONCLUSION 

According to here shown results, differences in systems and curricula seem to effect teachers’ 

and learners’ perceptions and practice. On the other hand, a lot of similarities can be found in 

the perception of teachers and learners in relation to the implementation in class as well. Even 

though curricula documents vary in their structure, extent and focus in the two countries, in 

both teachers are generally satisfied, also when it comes to the suitability of the level for 

learners. Curricula do have an impact on teachers’ perceptions as especially seen when 

making changes like in mathematics in Cyprus, which leads to restructuring of teaching going 

along with difficulties for some. Also when it comes to the realization of practical methods, 

curriculum sets a trend as seen when it comes to the approached versus the implied in content 

focus of curricula concerning experiments in science. Moreover, they help to clarify what is 

expected from learners and give teachers the same set of aims nationwide. This is missing for 

kindergarten in Austria, as the national document is not binding. Materials and resources as 

the immediate environment have a direct impact on the teaching and learning process 

analogue in both countries. As those conditions bear a certain resemblance to one another, 

teachers’ and learners’ perception of the implementation in class disclose numerous 

similarities. An exception is the use of textbooks which might be affected by the different 

level on which they get chosen. Parallels can be seen concerning the wish of teachers for 

smaller groups of learners in favor for more practical and individual work. Furthermore, also 

for better class implementation the need of professional development with a bigger range of 

courses and a stronger teaching practice focus is stated. Aligned, the perceived supportive 

factor of practical activities on motivation and understanding of learners is addressed. 

Differences occur concerning the focus put in favor of enthusing learners which is rather on 

the connection to daily life by teachers in Cyprus whereas it is on motivating students in 

Austria.  
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Abstract: Little is known about the processes of how learners apply physics models to 
problems in real life situations (context-based problems). When students are asked to solve 
context-based problems they first need to organize the information from the context and link 
them with their pre-knowledge, which actually means that students need to develop a mental 
model for the context. This is the starting point for searching physics models that could be 
used to reason physics solutions for the problem. While the mental representation is only valid 
for the concrete situation, the physics model allows transfer to other similar problems. The 
central aim of our study is to investigate which features of the context can be used to help 
students find physics solutions for the problems. In a first step the process of problem solving 
in context-based tasks is scrutinized by think-aloud protocols to identify which elements from 
the context description and the physics model are used, and how they are linked to each other. 
Data are taken from a pilot video study of ten 10th grade students (from a German middle 
school) while they solve one context-based problem in optics, mechanics and 
thermodynamics each. First results suggest that students tend to spend a very short amount of 
time to acquire an understanding of the problem but often try to apply physics knowledge 
immediately. Thereby, students try to link elements from the context (‘real world’) and the 
physics model (‘model world’) with opposed effects. It might be assumed that they typically 
do not manage to overcome the surface structure, which leads to unconstructive solution 
proposals. 
 

Keywords: problem solving, modelling, context-based tasks, real-life problems, task difficulty 
 

SUBJECT 
Authentic real-life problems deal with manifold and complex issues that connect science, 
society and technology (Pilot & Bulte 2006). When students are asked to solve context-based 
tasks, they first need to organize the information from the context and link it with their pre-
knowledge concerning such context (e.g. Mayer 1992). More precisely, this means that they 
develop a mental model (Johnson-Laird 1983) for the context, which is the cognitive analogy 
of the structure of the situation (Reusser 1995). This is the starting point for searching physics 
models that could be used to reason physics solutions for the problem. While the mental 
representation is only valid for the concrete situation, the physics model can be transferred to 
other similar problems. Applying a physics model as a tool of inquiry (Grosslight 1991) 
means to map the mental model and the physics structure. As scientific models and contexts 
are related to the given problem (Gilbert 2006), a learner’s individual meaning of the context 
can result in the application of an alternative physics model (Pilot & Bulte 2006). In 
summary, literature supports the strong connection between the problem’s surface structure 
and the way learners apply physics models.  

Nevertheless, there have been few empirical findings on how context-based tasks influence 
students’ understanding (Bennett et al., 2007). At the same time, we already know that such 
tasks have a positive motivational impact (Bennett et al., 2007), which indicates their 
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application in classrooms. Following this, the central aim of our study is to investigate which 
features of the context prompt students to find physics solutions for the problems. 

As a first step, we conducted a video survey to identify elements from the context description 
and from the physics model to examine how they are linked to each other in students’ 
argumentation made during problem solving. Therefore, this paper describes how learners 
apply physics models within the problem-solving process while working on context-based 
tasks.   

The problem solving process generally consists of four steps (Pólya, 1985): Understanding 
the Problem, Devising a plan, Carrying out a plan and Looking back. Klahr (2000) argues 
that problem solving is an essential process in science and links these steps to finding and 
testing hypotheses, conducting and evaluating experiments, and analyzing findings. Within 
the process of scientific problem solving, approved and generalized ideas about processes and 
principles in nature are applied for generating and reasoning hypotheses and analyzing 
findings from the experiments (see Table 1). From a nature of science (NOS) perspective 
these approved ideas could be seen as scientific models. 
 

Table 1 

Role of models in problem solving 

Problem-solving process (Pólya, 
1985) 

Role of models in problem 
solving 

Understanding the Problem 
Assigning to a known model by 
searching for a suitable domain 
in science 

Devising a plan 
Adapting or specifying the model 
to the problem   

Carrying out a plan 

Applying the adapted / specified 
model (e.g. carrying out 
experiments to measure variables 
from the model) 

Looking back 

Verifying the solution by 
checking if the empirical 
findings fit to the model’s 
prescription 

 

For the first step in problem solving, students need to select and organize the information 
from the context, link it to their knowledge about the situation, and eventually to their 
knowledge about science in scope of the problem. This results in a real model that represents 
the context. Mayer (1992) describes the difference between expert physicists and novices 
amongst others by their capability to represent and to categorize a problem. In students’ 
statements, the real model can be identified by bits of information that represent the surface 
structure of the problem (real world). The physics model is represented by the deep structure, 
which means that information is part of approved and generalized ideas about processes and 
principles in nature and can be transferred to a large number of similar problems (model 
world). Consequently our research question is:  

How do learners make use of real models and their combination with physical models to 
develop a solution in context-based tasks?  
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For analysis purposes, the distinction between surface structure (real world) and deep 
structure (world of physics models) is used as a first approach. 
 

STUDY  
The video-study is conducted with a group of ten 10th grade students in German middle-
school (approx. 15y, 2f/8m). Each learner works individually on a set of three problems in 
thermodynamics, optics and mechanics presented in different contexts (NVideos=30, 
NStudents=10, t=5 minutes for each task, for context description see Table 2). The participants 
are encouraged to speak aloud about the ideas and thoughts they have. Meanwhile, video-
recordings are made during such process. It is identified that the phase for assigning and 
adapting a model to the given problems (see Table 1) cannot be observed separately, as 
students always combine it in one statement. This phase of problem solving is therefore 
named comprehending the problem since it combines selecting, organizing, and applying 
information in once. In addition, we also classified the students’ statements referring to 
whether they are based on the surface or deep structure of the context or even combined. 
 

Table 2 

Overview of the contexts and report of observations 

Topic Context Observations 

T
he

rm
od

yn
am

ic
s 

In 1991, mountain 
hikers found a glacier 
mummy in the South 
Tyrolean alps. Nearby 
they discovered a 
piece of a braided 
grass pad. Scientists 
disagree in whether the 
pad was a kind of 
cloak or some Stone 
Age insulating pad. 

Students often try to propose solutions based on their 
experiences (e.g. in camping, or insulating materials in 
house building), one student actually saw the original piece 
of the grass pad in a museum. They also tend to argue on the 
surface structure, as they often mention the density of the 
grass pad or its water permeability. Statements based on 
physical concepts such as heat flow or thermal conduction 
are rarely observed. Also the students often differ between 
heat and coldness. 

O
pt

ic
s 

A polishing product 
commercial shows a 
picture of a scratched 
cell phone cover 
whereon the photo-
flash can be seen. The 
picture nearby shows a 
polished cover on 
which you can see not 
only the photoflash but 
also the mirror image 
of the camera and the 
person who took the 
picture. Both times 
light is reflected but 
only on the polished 
cover occurs a mirror 
image. 

Different from the previous context, learners are mostly 
combining the surface structure with the deep structure. A 
reason might be that there are more similarities between 
surface structure and deep structure than in the 
thermodynamics context, e.g. a sketch was shown which is 
also common to visualize the optical path in geometrical 
optics. In other words: The surface structure of this context 
has a higher transparency. Therefore students’ arguments 
are more often leading to a physically acceptable solution. A 
well-known misconception which could often be observed is 
the belief in seeing as an active process (like a beam coming 
from the eye). 
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M
ec

ha
ni

cs
 

A video shows two 
cars that hit a tree at 
the almost same (low) 
velocity. The first car 
is from the 1930’s and 
doesn’t show any signs 
of bodywork damage 
while the second, 
modern car got a big 
dent in his bonnet. 
Obviously modern 
cars are less sturdy 
than old ones. 

Learners tend to combine surface and deep structure in this 
context, too. Most of them mention the crush-collapsible 
zone. They also manage to produce solutions that are 
physically passable although they did rarely manage to 
make use of the physical language. As an explanation for 
this we could also assume the surface structure to be more 
similar to deep structure in compare to the thermodynamics 
context: The physics focuses of the mechanics’ and optics’ 
contexts have visible representatives in the surface 
structures whereas the thermodynamics’ focus (heat/heat 
flow) has no such representation. Again, one could say this 
surface structure is more transparent than the 
thermodynamics’. A misleading statement that could be 
observed in some videos was referring to the weight 
reduction in order to save fuel, in other words: To reduce 
weight engineers decided to choose lighter and therefore 
weaker materials.  

 

ANALYSIS   
As shown in Figure 1, students spent nearly all the time during the problem solving process 
giving proposals for solution and hardly any time comprehending or verifying the solution. 
 

 

Figure 1. Variable “Steps in the problem solving process”. Distributions cannot be considered 
as equal (Friedman-Test: <.001). Difference comes from: 'CP' - 'AM' & 'AM' - 'VS' (Post-
Hoc-Test (LSD): <.001 for both) 
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As it can be seen in Figure 2, students tend to apply physics knowledge rather than analogies 
or other proposals when they are looking for a solution.  
 

 

Figure 2. Variable “Type of solution”. Distributions cannot be considered as equal 
(Friedman-Test: <.001). Difference comes from: 'UP' - 'UA' &, 'UP' - 'OS', (Post-Hoc-Test 
(LSD): <.001 for both). 

Thereby, they rarely manage to apply a physical model in a constructive way, which means 
meaningful and physically accurate statements that lead to a correct solution. We also 
observed statements that consist of such elements, but were somehow imprecise or include 
incorrect conclusions; we named them constructively with limitations. Examples are given in 
Table 3 (translated from German language). 
 

Table 3  

Examples of student statements referring to the variable “Quality of solution” 

Quality of solution Student’s statement Task 
Constructively “Maybe with as much air holes as possible 

because air doesn’t conduct heat very 
well.” (person no7,  5:17 – 5:22) 

Insulating effect of a 
sleeping pad 
(Thermodynamics) 

Constructively with 
limitations 

“It builds an insulating layer so that the 
heat can’t get on the surface or in other 
words the cold can’t get through.” (person 
no10, 3:09 – 3:21 

Nonconstructively “The sleeping pad … it’s sending out heat 
radiation.” (person no1, 1:52 – 2:01) 

Other solution 
proposals

Using analogiesUsing physics models
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Figure 3 shows the number of such statements during the problem solving process. 
 

 

Figure 3. Variable “Quality of solution”. Distributions can be considered as equal (Friedman-
Test: .068). 

Finally, as it can be seen in Figure 4, we examined that learner arguments are based on the 
surface structure of the problem rather than on the deep structure, or even combined. 
Examples are given in Table 4 (translated from German language). 
 

Table 4:  

Examples of student statements referring to the variable “Base of physics statement” 

Base of physics 
statement 

Statements Tasks 

Surface Structure “I think it was a sleeping pad, 
because there is ice and snow and 
if he put the grass pad on the 
ground he kept the heat to himself 
and was protected this way.” 
(person no8,  1:27 – 1:48) 

Insulating effect of a 
sleeping pad 
(Thermodynamics) 

Combination of 
Surface and Deep 
Structure 

“The reflected light – that is the 
mirror image – is mirrored in 
different directions of the 
scratches and comes out in a 
different angle.” (person no3, 1:38 
– 1:50) 

Mirror images vs. 
reflection of light 
(Optics) 

Using physics     
model 

nonconstructively

Using physics      
model constructively 

with limitations

Using physics    
model         

constructively
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Deep Structure “You have an inertia that has to be 
stopped immediately…This 
means a certain energy that has to 
be conducted somewhere. 
(Regarding the car this means…)” 
(person no1, 4:40 – 5:03) 

Instability as a safety 
feature (Mechanics) 

 

 

Figure 4. Variable “Base of physics statement”. Distributions cannot be considered as equal 
(Friedman-Test: .001). Difference comes from: 'SS' - 'DS' & 'CS' - 'DS', (Post-Hoc-Test 
(LSD): .002 & <.001) 

However, Figure 5 shows that students are capable of arguing in different structural areas 
during one single problem solving process (person no1, mechanics context). 

 

 

 

 

 

Figure 5. Appearance of different structural areas within one problem solving process. 

Considering the variable “Quality of solution” with reference to the variable “base of physics 
statement” (Figure 6) gives us deeper insights on the impact of the learners’ capability to 
overcome the surface structure. It seems that - even though the total amount of 
nonconstructive statements is still higher - the number of constructive statements increases if 
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students manage to leave the surface structure towards the deep structure while at the same 
time the number of nonconstructive statements decreases. 
 

 

Figure 6. Combined variables “Quality of solution” & “Base of physics statement”. 
Distributions cannot be considered as equal (Friedman-Test: .033). Difference comes from: 
'ConCS' - 'ConDS', 'NConSS' - 'NConDS', 'NConCS' - 'NConDS', 'ConDS' - 'NConSS', 
'ConDS' - 'NConCS' (Post-Hoc-Test (LSD): .045, .022, 044, .030, .044). 

These results indicate that learners spend most of the time doing proposals for solution. As a 
result, they try to apply physics models (deep structure) while at the same time they can 
hardly overcome the surface structure of the context. They also try to link elements from the 
surface structure and the deep structure, which has opposed effects: Although the amount of 
nonconstructive statements is still higher, the difference between the number of constructive 
and nonconstructive statements however decreases from both sides compared to statements 
only based on surface structure. 

  

OUTLOOK 
It might be assumed that it would be of central importance for the students in the study to 
overcome the surface structure of a context-based task to succeed. Unfortunately they tend to 
consider the relations between elements of this surface structure to be analogical to elements 
of the deep structure and therefore apply physics models nonconstructively. The reason may 
be a misconception of the role of models in physics, as they are often introduced as a kind of 
analogic translation of a given situation into physics. As the ability to form situation models 
can be seen as a part of modeling (Leiss, Schukajlow, Blum, Messner & Pekrun 2010), this 
indicates that for context-based tasks students need help with the comprehension of the 
problem situation, e.g. via identifying key features of the surface structure that affect how 
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students link it with the deep structure. Based on the current study, one of the key features of 
contexts might be their transparency, which considers the amount of links between surface 
and deep structure, for example by using physics terms and principles or by choosing topics 
with more or less similarities between surface and deep structure, as mentioned in Table 2.  
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Abstract: In SECURE project, three different types of questionnaires have been 

designed for 8, 11 and 13 years old pupils’ and their teachers, to collect research data, 

analyze it and provide recommendations that could initiate a debate on the 

development and implementation of the curricula of mathematics, science and 

technology (MST) at European level. Questionnaires are structured with multiple-

choice questions and open questions. The number and the type of the items proposed 

have been adjusted to the age (for learners) or to the subject matter (for teachers) in a 

way that guarantees the feasibility to fill in all the items in at most one hour. The 

questionnaires were analyzed and the significant emerging elements were discussed 

combining the acquired data with relevant information derived from the analysis of 

the official MST curricula documents. In this contribution a part of the study 

concerning comparison between Italian and Polish MST curricula experienced by 11 

years old pupils is provided with respect to rational, aims and objectives, content, 

learning activities, teacher role, materials and resources, grouping, location, time, 

assessment and motivation.  

Keywords: curriculum, student interest, teacher thinking 

 

THEORETICAL FRAMEWORK 

Research on transnational education surveys has got a long history. Starting from the 

results of the International Association for the Evaluation of Educational 

Achievement (IEA) and following previous studies (Heyneman&Stephen, 2004), 

several recommendations have been issued for the planning of balanced, fruitful 

survey. Mainly of those related to the procedures and the sampling methods of such 

work (Cochran, 1977) and to the attention that must be devoted to the framework and 

to non-sampling errors in the analysis (Lessler,1992).  

In a view of performing a cross-country analysis of the curricula, the definition of 

‘curriculum’ itself has different meanings in different contexts of the educational 

research (Beauchamp, 1986; Walker, 2003). There are few substantive distinctions 

between those meanings (Clements, 2007). To have a global vision of the curriculum, 

the analysis of the official national documents is not enough, but the investigation of 

the implemented and perceived curriculum has to be done (Cochran, 1977).  

To emphasize this aspect van den Akker (2003) proposed representing the curriculum 

as a spider web in which the main subjects and aspects of the curriculum are 

visualized and the curricular research takes place at different levels. Rationale, aims 

and objectives, content, learning activities, teacher role, materials and resources, 

grouping, location, time, and assessment are the main items taken into account in this 
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approach. Within this framework, it is therefore necessary to develop questionnaires 

and interviews aimed to investigate all the aspects of the curricular spider web at the 

level of teachers and students (Kuiper et al. Kuiper, Folmer, Ottevanger and Bruning, 

2011).  

 

RESEARCH QUESTIONS 

The questionnaires developed in the study, were aimed to investigate the elements of 

the curriculum spider web as perceived by teachers and students. In particular, for the 

learner questionnaires, five main aspects of the curricular spider web were addressed: 

learning activities, time, materials assessment and location, and an additional item, 

“attitude and motivation” was added to research.  For each of those aspects, pupils’ 

answers have been analyzed to investigate their particular perception in ten European 

countries, taking part in the research and to compare them on a cross-country level. In 

this contribution, the results for Italian and Polish 11 years old learners are contrasted 

and compared. 

Therefore in the above-mentioned group the research questions have been posed as 

following: 

RQ1.Are students interested and motivated to study mathematics, science and 

technology (MST)? 

RQ2.Which are the learning activities most used in schools? 

RQ3.How much time do pupils spend on MST? 

RQ4.Which are the learning materials that pupils use in schools? 

RQ5.How pupils are assessed? 

RQ6.Where do the lessons take place?  

 

INSTRUMENTS AND METHODS 

Three different types of questionnaires have been developed to investigate teachers’ 

and the students’ perceptions of the curriculum: two for students and one for teachers. 

All of the questionnaires are structured with multiple-choice questions and a few 

open questions. Questionnaires are composed in sections in accordance to the 

elements of the curricular spider web.  

The questionnaire for the 8 year old students contains 96 multiple-choice questions 

and one open question, questionnaire for 11 and 13 years old combines 108 multiple-

choice questions and 7 open questions and the two questionnaires for teachers have 

altogether 155 and 138 items for Mathematics and Science/Technology, respectively.  

The questionnaire for the 11 years old pupils is structured with 15 items on 

motivation, 27 on learning activities, 21 on materials and resources, 12 on location, 6 

on time, 27 on assessment, and 6 open questions concerning learning activities and 

one open question regarding additional students’ comments. The number and the type 

of the items have been adjusted to enable to fill in the entire questionnaire in at most 

one hour. Student questionnaires were completed in the classroom, while teachers 

could also fill them in at home. In the framework of the pilot study of the SECURE 
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project a questionnaire for the 5 year old pupils was also implemented in Italy, 

however skipped later on in the main study.  

 

SAMPLE 

All over Europe, 1425 teachers’ and 8198 pupils’ questionnaires were collected (2666 

of 8 years old, 2797 of 11 and 2735 of 13) during the school year 2011-2012. In this 

paper, the analysis of the Italian and Polish data of the 11 years old pupils is provided 

and discussed. The choice to address this particular age was driven by the 

consideration that 11 years old represent a pivotal age around which pupils move 

from primary to secondary education and start to raise the pupils’ autonomy and 

critical thinking.  Those two particular countries were chosen for the comparison as 

having specific situation of implementing not one core curriculum, but either 

following different core curricula at different ages (Poland) or having three different 

core curricula to be chosen from by decision of a school (Italy). Among ten countries 

under research, those two seem also to be quite similar as concerning the cultural 

background and approach to tradition (i.e. also traditional view of teaching and 

upbringing).   

 

RESULTS AND DATA ANALYSIS 

Data analysis as regards the distribution of the students’ replies in each country was 

done by elaborating the entire collection of questionnaires, discussing significant 

elements and combining the acquired data with the information coming out of the 

analysis of the official documents and the data interviews. As example, in Fig.1 one 

of those graphs is reported. 

 

Figure 1. Exemplary results are obtained on ‘Materials and resources’ items for 11yo 

learners in Poland.  
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From the analysis of those graphs, the following considerations emerge for each one 

of the involved countries.  

As concerning learners’ attitude towards MST subjects, in Poland, students like MST 

because of topics, activities and teachers. During MST lessons, students mostly listen 

to the teacher’s explanation and work on their own. Half of the students, in at least 

half of the lessons had to memorize how to answer questions, both in M and S, and 

40% of students do the same in T. Practical activities are more done in ST than in M, 

however, half of the students do practical activities rarely or never. Work in small 

groups is more relevant in S and T (18% and 20%, respectively) than for M (10%). 

For materials and resources (cf. Fig.1), a vast majority does not use calculators and 

only less than 17% use computers in at least half of their lessons. Exercise books and 

textbooks are used in MS by 82% and 94%, respectively while in T by 14% of pupils. 

The use of everyday life objects in half of the lessons of MST is reported, 

respectively, by 36%, 52% and 28%. The main way of assessment in M are 

unexpected tests, in S - planned tests, projects and oral tests and in T - assignments.  

In MS most of the pupils do not go to different rooms dedicated to the subjects. 

Whilst for T the use of a specific room is reported by less than one-third of students. 

The majority of all MST lessons are provided inside the classroom.  Apart from 

Technology, most of the students agreed they spent a lot of time on MST in school 

(M50%, S58%, T37%) and on homework (M49%, S53%, T27%). 

In Italy, students like MST with no significant differences between the reasons 

(topics, activities, teacher), while MS have a higher level of agreement (M70%-

79%,S77%-84%) than Technology (57%-64%). With a threshold on “half of the 

lessons”, a mixed picture for the different activities is observed: the prevalent one is 

“listen to teacher’s explanation” (M89%,S81%,T77%), followed by “work on one’s 

own” (M68%,S61%,T73%). “Memorize how to answer” is also relevant 

(M52%,S50%,T41%), while in T, it is exceeded by “do practical activities” (60%). 

“Work in small groups on a problem” has a very low percentage of agreement 

(M10%,S14%,T10%). Calculators, computers and video have a very low or null 

impact (~10%). For MS the most frequently used methods of assessment are planned 

tests (57%, 57%) and oral tests (57%, 62%). Textbooks are used at least in half of the 

lessons (M89%,S93%,T66%). Exercise books are frequently used in MS 

(M59%,S61%), while in T exercise books are used only by 18%, surpassed by 

various and daily-life materials (60%,27%). The majority of the lessons are provided 

inside the classroom (M99%,S83%,T84%). MS are considered as time demanding 

(75%, 65%), while for T, there is no clear indication (50%). 

A comparative analysis between the two countries has been conducted by confronting 

the normalized distributions of the pupils’ answers for each item, using two different 

representations: a histogram and a radial graph. In the latter, the indicator is obtained 

assigning to each possible answer (‘never’, ‘few’, ‘some’, ‘almost always’) a weight 

and thus calculating the weighted mean of the replies on those weights. In Fig.2 and 

Fig.3 exemplary graphs of the comparison between the distributions of student 

answers to questions on attitude towards mathematics and science subjects are shown 

with the use of histograms.  

In both countries, Poland and Italy, mathematics is not liked more than the other 

subjects, but the contents and the learning of mathematics are enjoyed by more of the 

half of the pupils, with a greater appreciation in Italy (cf. Fig.2). Science is liked by 

most of the pupils in Italy and Poland equally (cf. Fig.3). 
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Figure 2.  Graphs on comparison between the distributions of the student replies to 

items concerning attitude towards mathematics subject  

 

Figure 3.  Exemplary graphs on comparison between the distributions of the student 

replies to items concerning attitude towards science subject  

 

Concerning MST, the ranking of the most appreciated subjects differs from Italy to 

Poland. In Italy, the most appreciated subject is S (80.3%), followed by M (70.5%) 

and then T (57.1%). In Poland, although the most appreciated subject is also S 

(76.3%), Technology (64.1%) is ahead of Mathematics (57.6%). In addition, looking 
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at the strong positive replies, it emerges that they are more relevant to S in IT than in 

PL while, vice versa, they are given more frequently in PL, than in IT as concern T.  

The main activities done in both during the M class are teacher-centered lectures and 

work alone. In Italy, the teacher-centered lecture is used more often than in PL, where 

the work alone is more used. Occasionally, a practical work and students’ 

presentation of their work are proposed in Italy and Poland, respectively. Small group 

work is rarely chosen as the classroom activity. Also for S, the most common 

activities are teacher-centered lectures and working alone. There are small differences 

between Poland and Italy: in the former, there is more work done alone than in the 

latter, where the lectures are more teacher-centered. Presentation of the results is 

more used in Italy than in Poland, where a small group work is done more often. 

Practical activities are done equally frequently in both countries. In T classes, 

working alone and memorizing are used equally often in both countries, while 

teacher-centered lecture, a practical work and presentation of the students’ own 

results are done more often in Italy. During the T classes more small group work is 

reported in Poland than in Italy.  

For each subject a characteristic distribution of the learning activities emerges, but 

there are also common elements among the subjects. In Italy, a small group work is 

almost never used at all. Teacher-centered lectures and working alone are the most 

frequently proposed activities. Memorizing is a shared and common activity 

implemented for all of the subjects. In Poland, in addition to the teacher-centered 

lectures and working alone there is more focus on practical activities.  

 

 

Figure 4.  Exemplary graph on comparison between the distributions of the student 

replies to items concerning use of materials and resources in mathematics subject in 

Italy and Poland 
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Figure 5.  Exemplary graph on comparison between the distributions of the student 

replies to items concerning use of materials and resources in science subject in Italy 

and Poland. 

 

 

Figure 6.  Exemplary graph on comparison between the distributions of the student 

replies to items concerning use of materials and resources in technology subject in 

Italy and Poland. 

 

As regards learning materials, there is a high similarity between Poland and Italy in 

M (cf. Fig.4): calculator, computer and video are never used, everyday examples are 

used sometimes, textbooks and exercises book are used almost all the time. In S (cf. 

Fig.5), textbook is the most common material used in both countries, while exercise 

book is used more frequently in Poland than in Italy. The use of everyday objects is 

comparable between the two countries, while the use of equipment is more common 

in Italy even if it is occasional. Calculators and computers are almost never used 

during S lessons. In T (cf. Fig.6), the distributions between the countries are quite 

different: in Italy, textbook and equipment are the most often used materials, while in 

Poland those materials are accompanied by the use of computers and a more 

extensive use of everyday objects.  
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In both countries, M lessons usually take place in the non-specific classroom, with 

the exception of some cases in which M is taught in devoted classes, mainly in 

Poland. Situation in S is similar to M, but there is a small increase of the percentage 

of students who’s lectures are held in a devoted room, mainly in Italy. In Italy and 

Poland the classroom is the main location for T, and in both countries, the percentage 

related to the devoted classrooms is increased with respect to S and M. In particular, 

in PL this case is more relevant.  

Italian students recognize M and S as more time consuming than the Polish ones, but 

the time spent doing Mathematics at school is longer than the one devoted for S, 

while T is considered less time-consuming, especially in Poland.  

Italy and Poland have a lot in common with respect to the use of written tests in M, 

but they differ as concern the second main type of assessment. In Italy, it is the oral 

interview, while for Poland it is an unexpected test. In S a diversity of ways, in which 

the teachers assess the students work is observed in Poland, while in Italy it emerges 

that the central role of the written test and the oral interviews prevails. In Poland, the 

assessment of projects and tasks are relevant, while in Italy several strategies are 

frequently used (with the exception of the unexpected test and the evaluation of 

students presentation).  

 

DISCUSSION AND CONCLUSION 

A big amount of analogies and differences emerge from the comparison of the results 

obtained from questionnaires of 11 years old learners in Italy and Poland. The 

analysis enables to sketch a general picture of MST education at that age in both 

countries. In particular as concern M, Italian 11 years old students describe it as 

mainly held in classrooms, using textbooks, or working sometimes alone, mostly 

listening to the teacher that is able to transmit the passion for math. In Poland, M is 

done in classrooms, using textbooks and exercise book, working alone and listening 

to the teacher.  

In Italy, S is liked by pupils for what they learn and for the activities held in class; S 

lessons are mainly held in the classroom, with prevalent use of the textbook and 

listening to the teacher’s explanation. In Poland, S lectures are also held in the 

classroom, using textbooks, doing exercises, listening to the teacher and working 

alone.  

In Italy, T is mainly done in the classroom with several type of activities: listening to 

the teacher, working alone, doing practical works and using textbooks. In Poland, it is 

done both in non-specific classroom or in a devoted room, working alone or listening 

to the teacher.  

It can be summed-up that despite different curricula, MST education has got a lot in 

common in Poland and Italy, showing a picture of more passive and traditional 

teaching, with not much emphasis given to practical work and use of other materials 

than text books. Furthermore, assessment strategies are also quite similar in both 

countries, with huge attention paid to written and oral tests. Although the 

investigation of reasons for such similarities is not in the scope of the current research 

and needs further studies, the authors would seek for possible explanation among 

common, traditional approaches to education and upbringing of young generations in 

both countries. 
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SCIENCE EDUCATION 
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Abstract: In order to get comprehensive picture of science education research and specifically 
identify overlooked research topics in this field, a new way to categorise research papers was 
developed. The new categorisation system is based on the didactic triangle, a theoretical model 
describing the elements of teaching-studying-learning processes, which we have extended in our 
work. We started with the analysis of in total 19 physics and chemistry education papers in two 
annual Finnish conference series revealing that students’ attitudes, understandings and their learning 
styles, as well as teachers’ pedagogical activities were well investigated areas, whereas less 
emphasis was put on society level studies in this data set. With the 84 papers published in NorDiNa 
(2005-2012) we had an opportunity to extend the view to a wider field of research in the Nordic 
countries, where for instance the society level studies were more frequent. Our analysis 
demonstrates that the developed categorisation system could be used to trace the differences and 
missing types of research foci in different publication forums. Moreover, the new categorisation 
system also supports meta-level analysis of published research papers and thus contributes to the 
discussion about the goals and the present state of science education research. 

Keywords: science education, meta-analyse, didactic triangle, paper categorisation, new research 
topics 

 

BACKGROUND 

There are obvious problems in science education, especially related to the popularity of studying 
science. Altogether, there is a need to improve science education, to enhance the recruitment, 
motivation, and engagement of students. This is naturally the goal of applied educational research. 
The number of science education research papers seems to increase annually. Authorities such as 
European Commission and the national academies and boards of education plan and execute 
research strategies and framework curricula that contribute to the trends and topics the researchers 
follow and take under investigation. 

However, too rarely we pause in order to elaborate whether or not the different educational areas 
are researched in sufficient extent. Our experience suggests that crucial improvements cannot be 
gained by changing some details in the educational process but we have to gain a holistic 
understanding. Our current research is an attempt to identify and define such areas that have been 
bypassed in the field of science education research and thus to provide a tool for identifying 
valuable new research questions. 

Previous interesting approaches to categorise science education research papers have been based on 
papers published in several scientific journals over ten years (Tsai & Wen, 2005; Lee, Wu, & Tsai, 
2009; Tsai, Wu, Lin, & Liang, 2011). We note that the above studies include an analysis on what 
educational level (from preschool to university/graduate level) the papers concern. We decided to 
add the dimension presenting the scope of the research, i.e., whether it concerns course, 
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organization, society, or international level issues. This provides a more sophisticated and holistic 
way in our analysis. 

Characteristic of the previous studies is that they are based on data-driven analysis of a pool of 
papers. Therefore, it is not possible to identify categories that do not exist in that pool. While we are 
looking for a holistic view, we base our categorisation on a theoretical model, which suggests that 
certain categories should exist (which can be empty in the analysed data pool). Our analysis is 
based on Herbart’s didactic triangle (cf. Peterssen et al., 1989), which describes three main elements 
of a didactic system (teacher/student/content) and their interrelations. It has been developed further 
by adding the relation between the teacher and the students’ studying and learning processes (arrow 
A in Figure 1), which can be seen as scaffolding and which reflects the didactical teacher-student 
relation (Kansanen, 2003; Kansanen & Meri, 1999). Other developments have been suggested, for 
example, by Toom (2006) who developed the model to describe teacher’s tacit pedagogical 
knowing. Bergamin (2006), on the other hand added a community node to the original triangle 
transforming it thus to a tetrahedron which allows thinking about the instructional phenomena at 
larger context. In addition, Goodchild and Sriraman (2012) summarize how the didactic triangle has 
been developed further and applied it in the area of mathematics education.   

The starting point of the present project was the doctoral thesis work by Kinnunen (2009) where the 
Kansanen’s version of the triangle (Kansanen, 2003; Kansanen & Meri, 1999) was extended by 
adding a relation reflecting student’s feedback on teacher’s pedagogical actions (arrow B, Figure 1). 
In addition, the triangle was put into a larger context, where also the organisational and society level 
activities were taken into consideration. This widened the applicability of the didactic triangle as a 
base for categorising research since we are no more confined to an individual teacher or a single 
classroom. There is also an obvious need to include the relation of science to society in the analysis 
as there is even a trend to include these relations in the Nature of Science concept – teaching and 
learning about science and society has been discussed in the relation of nature of science already 
over several decades (see e.g. Ziman, 1980; Aikenhead & Ryan, 1992). More detailed description of 
the development of the multi-layered didactic structure is published in Kinnunen (2009). 
  

 

Figure 1. Didactic triangle 

In the current study we use the version of the multi-layered didactic structure where an additional 
relation describing teacher’s own reflections on the pedagogical actions (arrow C, Figure 1) is also 
visible (Kinnunen, Lampiselkä, Malmi, & Meisalo, 2013; Kinnunen & Malmi, 2013). We also 
extend the existing multi-layered didactic structure by adding the international level (Figure 2), as it 
is obvious how to include this global level with corner concepts 1) mankind or international 
organisations like UNESCO, OECD/CERI, etc. 2) citizens of nations, and 3) international 
recommendations for goals/contents. 

TEACHER 

CONTENT STUDENT 

A"
B"

C"
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Figure 2. Four levels of the multi-layered didactic structure: course, organization, society, and 
international levels. 

  
METHOD AND DATA POOL 

The eight main categories we use in this paper are derived from the multi-layered didactic structure 
(Figure 1). The first three categories (see Table 1) are derived from the three main elements of the 
instructional process, visually expressed as the three vertices of the triangle (teacher, student, 
goals/contents). The categories four to eight are derived from the relations between the vertices or 
the vertex and another relation (the arrows in Figure 1). Each category consists of four levels (the 
individual, organization, society, and international levels). We do not present or justify our 
categories in more detail here while the origins are discussed thoroughly in the monograph by 
Kinnunen (2009) and in Kinnunen, Meisalo, and Malmi (2010). 
The new categorisation system has been successfully applied to analysing international computing 
education research papers (Kinnunen et al., 2010), engineering education research papers 
(Kinnunen & Malmi, 2013) as well as science education papers in Finland (Kinnunen, Lampiselkä, 
Malmi, & Meisalo, 2013). In this paper, we present our work where we extended the latter analysis 
by looking also at science education papers in the Nordic countries. Thus, the data pool for this 
research consists of peer reviewed research papers published in the proceedings of the Annual 
Symposia of the Finnish Mathematics and Science Education Research Association (FMSERA) 
over years 2009 – 2010, proceedings of the Annual Symposia of the Finnish Subject Didactics 
Research years 2008 and 2010 (no papers fitting our criteria were published here in 2009), and 
research papers on chemistry and physics education in NorDiNa journal (2005-2012). 
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Both FMSERA and Annual Symposia of the Finnish Subject Didactics Research are annually 
organized national conferences. Presentations of papers are accepted in Finnish, Swedish, or 
English. The conferences are targeted mainly for researchers, but participants include also 
schoolteachers in the areas of the conference. We may interpret, however, that the peer-reviewed 
papers in the Conference Proceedings are written primarily for the researcher community. The 
NorDiNa journal defines its focus and scope, as follows: 

NorDiNa is a Nordic journal of science education publishing scientific articles in the field of 
science education; both research based and reflective perspectives. Articles on related topics 
such as technology and geography are also welcome. In addition to scientific articles we 
publish descriptions of curriculum development, ongoing projects and short abstracts of 
dissertations in the field. Contributions are in English as well as in Swedish, Danish and 
Norwegian. All articles have an English abstract and title regardless of the article’s 
language.1 

NorDiNa accepts papers from all countries. However, most articles in our NorDiNa data pool origin 
from Nordic countries, and thus reflect the Nordic population of researchers. 

To be more exact, our analysis took account of papers that focused on education in physics, 
chemistry or integrated natural sciences, whereas papers focusing on biology, geography or 
mathematics education were left out at this stage of the research. Papers on technology education 
were included if they were explicitly focusing on chemical or physical technology; otherwise the 
papers were regarded as out of scope. We made the decision to focus on physics, chemistry and 
integrated natural sciences based on our own professional interest and expertise of our research 
group.  
Primarily, we approached the analysed material deductively but inductive content analysis type 
reading was used also (Patton, 2002). The categorisation system has its origin in the didactic 
triangle and the categories were predetermined based on theory and while reading the journal 
articles we tried to match each paper into pre-existing categories. However, we found out that not 
all research papers fitted in the predetermined categories. Some papers were simply excluded from 
the data pool as mentioned above and some other papers led to the decision that refinement in the 
categorisation scheme was needed. For example, the resolution of the category 7 was improved 
when a new subcategory was added in it. Also the whole categorisation system was improved when 
we added a new analysis layer (the international level) to the typology. Hence, the reading and 
analysing procedure included both deductive and inductive approaches of content analysis. One 
could regard our method as abductive content analysis method, but we think that in abductive 
content analysis method the researcher should use both the deductive and the inductive approaches 
more or less equally. This is not the case in our study. We used mainly deductive content analysis 
method with small but important inductive content analysis approach involved. Therefore we 
separate our analysis method from the abductive method and regard it as majorly deductive, to 
lesser extent inductive method. 
In praxis, the four authors of this paper read each of the papers individually and categorised them 
according to the typology. Our goal in the content analysis was to aim at understanding the research 
holistically, not just sorting the articles by the abstract or the research questions. This meant that our 
analysis was not based merely on the content of the study design chapter but on the more holistic 
understanding of the entire article all the way from the objectives of the study to the results and 
discussions of the study. When analysing the papers we made notes on 1) the pedagogical aspects 
the paper focused on. The paper may focus on one or more pedagogical aspects at the same time. In 
some cases, some categories were deemed minor (side focus), if their role in the paper was smallish. 
2) We also made notes whether the paper discussed course, teaching organization, or society level 
issues or if it was on the international level. 3) Finally, we also identified on which educational 
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level(s) the paper focused on. We identified the following levels: preschool, primary, secondary, 
tertiary, and other in which we classified papers concerning professional development, informal 
learning and doctoral training. For instance, the study by Lavonen et al. (2005) looked at which 
physics contents and contexts lower secondary pupils find interesting. This study focuses on pupils’ 
interest and attitude towards content and goals and can thus be placed in category 5.1. Respondents 
were a representative sample of a certain age cohort in lowed secondary school in Finland and 
therefore the results can be placed to the society level. 

The team categorised the papers reading them first individually and assigning them preliminarily to 
different categories. However, the individually made categorisations were tentative and we used 
them as a starting point for collegial discussion during which we compared the outcomes and 
discussed carefully the possible disagreements until full agreement was reached for each paper. 

  

RESULTS 

In the Finnish conference papers (N=19) we found 40 foci (32 main foci, 8 side foci). In average the 
papers had 2.1 foci (min=1, max=4, SD=1.6). The spectrum of the pedagogical foci in the Finnish 
conference papers on different categories and educational levels is shown in Table 1. The table 
highlights what the researchers have found particularly interesting and worth studying in Finland on 
these forums. The sample is small, but we can clearly make some observations. The main foci of the 
research papers in the data are students’ understanding and attitudes (Category 5.1), results on 
students’ actions (Category 5.3), and teachers’ pedagogical actions (Category 7.3). Table 1 also 
shows the aspects of the instructional process that are overlooked. For instance, there were no 
studies that focus on the relationships between, for example, a community of students and the 
teaching organization. There were neither any studies on teachers’ conceptions of students’ 
understanding of the goals and contents of the course (Category 7.1). Overall, Table 1 shows that 
most studies focus on the course and the organization levels whereas society level studies are rare. 
In NorDiNa papers we found altogether 160 pedagogical foci (135 main foci, 25 side foci) in the 
analysed 84 papers. On average, the papers had 1.9 foci (min=1, max=5, SD=0.99). The distribution 
of foci between different pedagogical aspects is summarized in Table 2. Many publications report a 
study that was done at the teaching organization level, which is clearly different from the Finnish 
conference data. Studies that were done at a course/classroom level were also relatively frequent. 
There were also some society level studies, and only few studies that discussed the pedagogical 
phenomena at the international level mainly comparing findings from different Nordic countries. 
We interpret these findings that authors of papers in our data pool (teachers and researchers) are 
primarily interested in the developments and improvements of the educational environment on the 
local level rather than in the broader national or society frame. 
Content and goals were studied reasonably often (category 1). Researchers’ interest towards 
students-and-teachers-related aspects varied. Students’ perceptions and attitudes towards contents 
and goals (category 5.1), students’ actions to achieve the goals (category 5.2), and the learning 
outcomes (category 5.3) were frequently studied pedagogical aspects. There is not much difference 
with the Finnish data. At the same time, students’ characteristics (category 2) and students’ 
perceptions and opinions on the pedagogical interventions (category 8) were less studied areas. In 
other words, the researchers have paid a lot of effort to find out what contents should be taught and 
how the students have perceived these contents from the attitude or the substance point of view. 
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Table 1  

Spectrum of chemistry and physics education research articles in Finnish conference proceedings. 
There were no international level publications in this data set. Frequencies in parentheses refer to 
side foci. 

Categories Course Organization Society Total 
1. Goals and content 2 - 1 3 
2. Student(s)/community of students/ citizens of a 
nation (1) 2 1 3(1) 

3. Teacher(s)/organization/society-level 
educational bodies - 1 - 1 

4. Relation between student(s)/community of 
students/citizens and teacher(s)/organization 
/society-level educational bodies 
5. Relation between student(s) and goals and 
content 

- - - 0 

5.1 The understanding of and attitude about goals 
and content that the student(s)/community of 
students/citizens have 

2 3 1 6 

5.2 The actions (e.g. studying) the student(s)/ 
community of students/citizens do to achieve the 
goals 

- 1 - 1 

5.3 The results of the action of the 
student(s)/community of students/citizens 4(1) 2 - 6(1) 

6.Relation between teacher(s)/organization 
/society and goals/content 
7. Relation between teacher(s) and studying 

- 1 - 1 

7.1 The conceptions of teacher(s)/organization/ 
society of students’ understanding /attitude on 
goals/content. 

- - - 0 

7.2 The conceptions of teacher(s)/organization 
/society of students’ actions towards achieving 
goals (e.g., studying) 

- - - 0 

7.3 Pedagogical activities of teacher(s)/ 
organization/society 5 3(1) (1) 8(2) 

7.4 Reflections of teacher(s)/organization /society 
on their own pedagogical actions - 2(1) - 2(1) 

8. Relation between student(s)/community of 
students/citizens and teacher’s/organization’s 
/society’s pedagogical means to enhance learning 

1(1) (1) (1) 1(3) 

Total 14(3) 15(3) 3(2) 32(8) 

Strand 10 Science curriculum and educational policy

1938



Table 2.  

Distribution of chemistry and physics education research articles in NorDiNa (2005-2012). 
Frequencies in parentheses refer to side foci.  

Categories Course Organization Society International Total 

1 1 8(3) 8(2) 2 19(5) 

2 1 2(1) 2 1 6(1) 

3 - 2 - - 2 

4 1 1 1 - 3 

5.1 5(1) 14 5(1) 1 25(2) 

5.2 6 6(1) - - 12(1) 

5.3 7(1) 3 2 2 14(1) 

6 - 4(1) - - 4(1) 

7.1 - 1 - - 1 

7.2 1 - - - 1 

7.3 9(2) 14(4) 4(2) - 27(8) 

7.4 4 11(3) - - 15(3) 

8 1(1) 4(2) 1 - 6(3) 

Total 36(5) 70(15) 23(5) 6 135(25) 

  

In NorDiNa papers teachers’ pedagogical interventions (category 7.3) was a popular focus like in 
the Finnish data, but here also the teachers’ reflections (category 7.4) were studied much. Teachers’ 
characteristics (category 3), teachers’ perceptions/opinions/understanding of the contents and goals 
(category 6), teachers’ perceptions’ of students’ understanding of the contents and/or goals 
(category 7.1), and teachers’ perceptions of students’ actions towards achieving the goals (category 
7.2) were much less studied aspects. Students’ and teachers’ perceptions of each other (category 4) 
appeared also as one of the less interesting aspects of the instructional process. 
 

DISCUSSION AND CONCLUSIONS 

The research shows the benefit of taking the multi-layered didactic structure as a starting point for 
the development of the categorisation system. It helps researchers to discern the various aspects of 
the instructional process and to analyse which aspects are less studied. The original categorisation 
scheme was improved during the process, differences and similarities among different categories 
became more evident, and finally, the whole scheme became more refined. In conclusion, the 
majorly deductive partly inductive content analysis type reading (Patton, 2002) combined with the 
developed categorisation system and peer discussions seemed functional and produced meaningful 
categorisations. We conclude that the developed typology was successfully applied to analyse two 
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different sets of data, and we expect that it can be used to analyse research papers in many other 
contexts, too. 
The small share of society level studies is noteworthy. Is it possibly regarded as an uninteresting 
research theme for science education or is it regarded something, which cannot be changed? It 
might also be that authors choose other publication venues for society level studies, we can find 
number of such cases easily. Moreover, teachers’ reflections towards their own teaching and 
students’ feedback on it are poorly investigated at all levels and clearly more research in this field is 
needed. 
The results also illustrate the potential of the used categorisation system to reveal differences of 
publication venues. Most publications in Finnish national level conferences (FMSERA and Annual 
Symposia of the Finnish Subject Didactics Research) discuss teaching organization or course level 
aspects of the instructional process reflecting perhaps that those conferences are clearly national 
conferences. These conferences are also popular among researchers new to the field or researchers 
who wish to inform science teachers about their findings. It is also understandable that the 
conference data reflect more the interests of researchers in the beginning of their careers and they 
have more narrow interest profiles. Thus the popularity of course and organization level foci is 
understandable. On the other hand, foci in NorDiNa data are distributed more broadly also on 
society and international levels reflecting perhaps also broader, and international, audience of the 
journal. 

The use of the developed categorisation system will continue and next we are aiming at publishing 
our work in the NorDiNa journal in more detail. Our data pool consists of articles published in this 
particular journal and we hope that our analysis would help both the journal editorial board in their 
work and especially the Nordic researchers might find interesting our findings of the categorisation. 
Our next extension might be that we include biology oriented didactical articles to the data pool. 
One of the reasons for this is that in many Nordic countries biology is taught together with physics 
and chemistry as an integrated subject depending on the educational level. Also we are aiming at 
applying our instrument to international level journals, such as International Journal of Science 
Education, and international level conferences, such as the European Science Education Research 
Association conference publications in order to get more comprehensive view of the distribution of 
the research foci in science education. 
NorDiNa journal publishes articles in English, Swedish, Danish, and Norwegian. Roughly 
estimated half of the articles are published in English whereas articles written in Swedish, 
Norwegian and Danish language together comprise the other half. The members of our research 
group are native Finnish speakers but with a good competence in reading Swedish and English 
language. Written Norwegian and Danish resemble Swedish to the degree that it is possible to 
understand them rather well if one is fluent in Swedish2. One of strengths of our research 
methodology is that all final decisions concerning the categorisations were based on discussions and 
mutual understanding. This diminishes the possibility to language-oriented misinterpretations and 
increases the validity of the decision made. However, we see that some sort of international 
collaboration would increase the validity of the methodology. Therefore, we encourage our Nordic 
and all other colleagues to use the developed analysing instrument in order to test whether or not 
they as native speakers will end up with same results that we have made. 
 

NOTES 
1Endnote. http://www.naturfag.no/tidsskrift/vis.html?tid=1519975 
2Endnote. However, we acknowledge the possibility that we have not reached some fine nuances in 
the articles written in non-native languages to us, especially in Norwegian or Danish language. 
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INTRODUCTION 

 

Strand 11 focuses on the evaluation and assessment of student learning and 

development.  Many studies presented in other conference strands, of course, involve 

the assessment of student learning or of affective characteristics and outcomes such as 

students’ attitudes or interests – and use existing instruments or new ones developed 

for the study in hand.  In such studies, assessment instruments are tools to be used to 

try to explore and answer other questions of interest.  In strand 11, the emphasis is on 

the development, validation and use of assessment instruments; the focus is on the 

instrument itself.  These can include standardized tests, achievement tests, high stakes 

tests, and instruments for measuring attitudes, interests, beliefs, self-efficacy, science 

process skills, conceptual understandings, and so on.  They may be developed with a 

view to making assessment more ‘authentic’ in some sense, to facilitate formative 

assessment, or to improve summative assessment of student learning. 

Fifteen papers presented in this strand are included in this book of e-proceedings.  

Four of them discuss the development of new or modified instruments to assess 

students’ conceptual understanding of a science topic.  Two use the two-tier multiple 

choice format that many researchers have found valuable for probing understanding, 

to explore the topics of electric circuits and geometrical optics.  Another explores the 

factors that may underlie the observed patterns in students’ responses, trying to tease 

out the relative importance of mathematical and physical ideas in determining 

performance on questions about kinematics.  A fourth paper begins the exploration of 

a relatively new and novel science domain, systems thinking.  Here assessment items 

have a particularly significant role to play in helping to define the domain in 

operational terms, and facilitating discussion within the science education research 

community. 

Four papers explore issues concerning the assessment of practical competence and 

skills.  One looks at the general issue of developing a model to describe progress in 

carrying out hands-on activities; another focuses more specifically on experimental 

skills in physics; and a third considers performance assessment in the context of initial 

teacher education.  The fourth paper looks at the potential use of simulations as 

surrogates for bench practical activities.  Work in this domain is important, as science 

educators seek to come to a better understanding of the factors that lead to variation in 

students’ responses to practical tasks. 

Three papers look in different ways at the influence of contexts on students’ answers 

and responses to tasks.  Two take the PISA studies as their starting point, looking in 

detail at the thinking of students as they respond to PISA tasks and questioning the 

extent to which the PISA interpretation of ‘authenticity’ enhances student interest and 

engagement with assessment tasks.  Both point to the value of listening to students 

talking about their thinking as they answer questions, and suggest that this may be 

quite different from what we would expect, and perhaps hope.  A third paper with an 

interest in the effects of contextualisation presents data from a study in Brazil 

comparing students’ answered to sets of parallel questions with fuller and more 

abridged contextual information.  The findings have implications for item design, and 

suggest that reading demands should be kept carefully in check if we aim to assess 

science learning. 
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Three papers in this section explore the formative use of assessment.  One has a focus 

on the assessment of learning that results from inquiry-based science teaching.  

Another looks at the ways in which students respond to formative feedback on their 

work.  The context for this study is web portfolios, but the research question is one 

with wider applicability to other forms of feedback, and across science contents more 

generally.  The third uses an experimental design to explore the impact on student 

learning in a topic on chemical reactions of a self-evaluation instrument that asks 

students to try to monitor their own learning and to take action to address areas in 

which they judge themselves to be weak. 

All of the papers described above collect data from students of secondary school age 

or prospective teachers.  The final paper in this strand looks at the potential use of an 

attitude assessment instrument to predict undergraduate students’ success in chemistry 

learning. 

The set of papers highlights the key role of assessment items and instruments as 

‘operational definitions’ of intended learning outcomes, bringing greater clarity to the 

constructs used and to our understanding of learning in the domains that they study. 

 

 

Jens Dolin and Robin Millar 
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PERFORMANCE ASSESSMENT OF PRACTICAL 

SKILLS IN SCIENCE IN TEACHER TRAINING 

PROGRAMS USEFUL IN SCHOOL 
 

 

Ann Mutvei and Jan-Eric Mattsson 

School of Natural Sciences, Technology and Environmental Studies, Södertörn 

University, Sweden. 

 

Abstract: There is a general process towards an understanding of knowledge not as a 

question of remembering facts but to achieve the skill to use what is learnt under 

different circumstances. According to this, knowledge should be useful at different 

occasions also outside school. This process may also be identified in the development 

of new tests performed in order to assess knowledge. 

In courses in biology, chemistry and physics focused on didactics we have developed 

performance assessments aimed at assessing the understanding of general scientific 

principles by simple practical investigations. Although, designed to assess whether 

specific goals are attained, we discovered how small alterations of performance 

assessments promoted the development of didactic skills. Performance assessments 

may act as tools for the academic teacher, school teacher and for enhancement of 

student understanding of the theory. 

This workshop was focused on performance assessments of the ability to present 

skills and to develop new ideas. We presented, discussed, explained and familiarized 

a practical approach to performance assessments in science education together with 

the other participants. The emphasis was to demonstrate and to give experience of this 

assessment tool. 

We performed elaborative tasks as they may be used by teachers working at different 

levels, assessed the performances and evaluated the learning outcome of the activity. 

Different assessment rubrics where be presented and tested at the workshop. Learning 

by doing filled the major part of the workshop but there were also opportunities for 

discussions, sharing ideas and suggestions for further development. 

The activities performed may be seen as models possible for further development into 

new assessments. 

Keywords: assessment, rubric, practical skills, knowledge requirement 

 

INTRODUCTION 

During the last ten or fifteen years there has been a general process towards an 

understanding of knowledge not as a question of remembering facts but to achieve the 

skill to use what is learnt under different more or less practical circumstances. 

According to this view knowledge should be useful at different occasions also outside 

school. Traditional textbooks often had facts arranged in a linear and in a hierarchical 

order. More recent books are focused on the development of the thoughts and ideas of 

the student by presenting general principles underpinned by good examples, 
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diagnoses, questions to discuss, reflective tasks without any presentation of a correct 

answers, etc. (cf. Audesirk et al. 2008, Hewitt et al. 2008, Reece et. al 2011, Trefil & 

Hazen 2010). A similar development can be found in teacher training programs, 

where lectures and traditional text seminars to some extent have been replaced by 

more interactive forms of teaching. This development we also found in examinations 

at our own university where tests performed in order to assess knowledge of literature 

content have been replaced by tests where students have to show their capacity to use 

their knowledge. 

Practical performance assessments are important when assessing abilities or skills of 

students in teacher training programs. In science courses in biology, chemistry and 

physics focused on didactics we have for several years developed performance 

assessments focused on understanding of general scientific principles, but based on 

simple practical investigations or studies. Although, designed to assess whether 

students reached the goals of a specific course, we often have discovered how small 

alterations of these performance assessments have promoted the development of the 

didactic skills of the student. Thus, they may act as assessment tools for the academic 

teacher, models for assessments in school and enhancement of the student’s 

theoretical understanding of the subject and theory. The assessments may be made on 

oral or written reports, during guided excursions or museum visits or practical 

experiments, on traditional or esthetical diaries, self diagnoses or diagnoses made by 

other students based on certain criteria. 

We have been working several years with teacher training programs focused on work 

in primary and secondary schools, with further education for teachers and with 

university students studying biology and chemistry. The wide range of courses and 

students have been giving us experiences how to work with different contents adapted 

to different ages of students at school. Out of this we have found some similar and 

different basic problems and needs of understanding depending on the subject. These 

experiences also give us the opportunity to contribute to national seminars and 

conferences. 

CURRICULUM AT SWEDISH SCHOOL 

The new curriculum in Sweden for the primary and lower secondary schools 

(Skolverket 2010) as well as the new one for the upper secondary school put the 

emphasis on the student’s skills rather than knowledge (facts). It is the ability to use 

the knowledge that is to be assessed. This development is a global trend; see e.g. 

Eurasian Journal of Mathematics, Science & Technology Education 8(1). This is a 

great change compared to earlier curricula, especially when compared to the common 

interpretation and implementation of these at the local level. A similar development 

has occurred in the universities in Sweden. Today the intended learning outcomes 

should be described in the syllabi as abilities the student can show after finishing the 

course and how this should be done. 

Many teachers have problems with this view as they are used to assess the student’s 

ability to reproduce facts. These teachers find it hard to understand how to work with 

performance assessments instead of tests targeting the knowledge of facts. They often 

ask for clear directions and expect strict answers instead of guidelines how to improve 

their own ability to work with performance assessments. 
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Teaching according to these new curricula starts with the design of performance 

assessments suitable for the assessment of a specific skill and to create a rubric for the 

assessment. Thereafter the teacher plans the exercises beneficial for student 

development and finally decides the time needed and plans the activities according to 

this. 

 

Figure 1. How to plan learning situations. 

 

As an example of how teachers may work with this method we designed a practical 

assessment of practical skills and presented it as a workshop at ESERA 2013. 

HOW TO DESIGN A PERFORMANCE ASSESSMENT OF PRACTICAL 

SCIENCE SKILLS 

In order to design a workshop on performance assessments of the skills we tried to do 

as teachers are supposed to do at school. The emphasis was to demonstrate and give a 

possibility to get experience of this assessment tool under realistic conditions. Thus, 

these performance assessments are constructed in accordance with the curriculum in 

Sweden from 2011 (Skolverket 2010) but they are probably useful for anyone who 

wants to assess abilities or skills rather than memories of facts or texts. We tried to 

present, explain and familiarize the participants with a practical approach to 

performance assessments in science education at school. 

The skill of assessment has to be learned. If teachers are used to assess skills these 

normally are of a more or less theoretical kind. They are used to assess the quality of 

the language used or the correctness of a mathematical calculation. Assessment of 

practical skills does not has to be more complicated but it has to be trained. According 

to the Swedish curriculum 150–200 assessments of each student and in each of the 

about 15 school subjects should be done at the end of years 6 and 9 and many of these 

refer to practical skills. In order to simplify this monstrous task it is possible and 

necessary to assess several skills in more than one subject at one occasion.  

We had prepared four similar activities, all with the same material; candle, wick, and 

matchbox but with different purposes. They were supposed to represent studies of 
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mass transfer, energy transformation, technical design, and phase changes. The latter 

is presented here in detail. 

General principles of performance assessments  

In the preparations we followed the directions of the Swedish curriculum for the 

compulsory school (Skolverket 2010). We selected the core content and the 

knowledge requirements relevant for phase transitions as the foundation for 

development of the performance assessment. Usually teachers start with the 

knowledge requirements, interpret these and design tests for assessing the students’ 

skills according to the requirements, design suitable learning situations or practical 

training of the skills and finally decide what parts of the core content should be used 

(Figure 1). Here we started with the core content as it were some specific areas of 

knowledge we wanted to study. When the core content was selected the assessment 

rubric was developed by interpreting and dissecting the knowledge requirements. 

Core content 

The teaching in science studies should, in this case, according to the curriculum of 

primary and secondary school (Skolverket 2010), deal with the core content presented 

in Table 1.  

Table 1 

Core content in Swedish compulsory school curriculum relevant for phase transitions 

and scientific studies. 

In years 1–3  In years 4–6  In years 7–9  
• Various forms of water: 

solids, liquids and gases. 

Transition between the 

forms: evaporation, 

boiling, condensation, 

melting and solidification. 

• Simple particle model to 

describe and explain the structure, 

recycling and indestructibility of 

matter. Movements of particles as 

an explanation for transitions 

between solids, liquids and gases. 

• Particle models to 

describe and explain the 

properties of phases, phase 

transitions and distribution 

processes for matter in air, 

water and the ground. 

• Simple scientific studies. • Simple systematic studies. 

Planning, execution and 

evaluation. 

• Systematic studies. 

Formulating simple 

questions, planning, 

execution and evaluation. 

  • The relationship between 

chemical experiments and 

the development of 

concepts, models and 

theories. 

 

Knowledge requirements  

The knowledge requirements are related to the age of the students and show a clear 

progression through school. At the end of the third, sixth and ninth year there are 

clearly defined knowledge requirements (Table 2). Grades are introduced in the sixth 

year and levels for grades E (lowest), C, and A (highest) are described in the 

curriculum. Also D and B are being used. Grades D or B means that the knowledge 

requirements for grade E or C and most of C or A are satisfied respectively. 
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Table 2 

Knowledge requirements for different years and grades 

Year 

3 

Based on clear instructions, pupils can carry out […] simple studies dealing with 

nature and people, power and motion, and also water and air. 

 Grade E Grade C Grade A 

Year 

6 

Pupils can talk about and 

discuss simple questions 

concerning energy. 

 Pupils can carry out 

simple studies based on 

given plans and also 

contribute to 

formulating simple 

questions and planning 

which can be 

systematically developed. 

In their work, pupils use 

equipment in a safe and 

basically functional way. 

Pupils can […] 

contribute to making 

proposals that can 

improve the study. 

Pupils can talk about and 

discuss simple questions 

concerning energy. 

Pupils can carry out 

simple studies based on 

given plans and also 

formulate simple 

questions and planning 

which after some 

reworking can be 

systematically developed. 

In their work, pupils use 

equipment in a safe and 

appropriate way. Pupils 

can […] make proposals 

which after some 

reworking can improve 

the study. 

Pupils can talk about and 

discuss simple questions 

concerning energy. 

Pupils can carry out simple 

studies based on given 

plans and also formulate 

simple questions and 

planning which after some 

reworking can be 

systematically developed. 

In their work, pupils use 

equipment in a safe, 

appropriate and effective 

way. Pupils can […] make 

proposals which can 

improve the study. 

Year 

9 

Pupils can talk about and 

discuss questions 

concerning energy. Pupils 

can carry out studies 

based on given plans and 

also contribute to 

formulating simple 

questions and planning 

which can be 

systematically developed. 

In their studies, pupils use 

equipment in a safe and 

basically functional way. 

Pupils apply simple 

reasoning about the 

plausibility of their results 

and contribute to making 

proposals on how the 

studies can be improved. 

Pupils have basic 

knowledge of energy, 

matter, […] and show this 

by giving examples and 

describing these with 

some use of the concepts, 

models and theories. 

Pupils can talk about and 

discuss questions 

concerning energy. Pupils 

can carry out studies 

based on given plans and 

also formulate simple 

questions and planning 

which after some 

reworking can be 

systematically developed. 

In their studies, pupils use 

equipment in a safe and 

appropriate way. Pupils 

apply developed 

reasoning about the 

plausibility of their results 

and make proposals on 

how the studies can be 

improved. Pupils have 

good knowledge of 

energy, matter, […] and 

show this by explaining 

and showing 

relationships   with 

relatively good use of the 

concepts, models and 

theories.  

Pupils can talk about and 

discuss questions 

concerning energy. Pupils 

can carry out studies based 

on given plans and also 

formulate simple questions 

and planning that can be 

systematically developed. 

In their investigations, 

pupils use equipment in a 

safe, appropriate and 

effective way. Pupils apply 

well developed reasoning 

concerning the plausibility 

of their results in relation 

to possible sources of 

error and make proposals 

on how the studies can be 

improved and identify new 

questions for further 

study. Pupils have very 

good knowledge of energy, 

matter, […] and show this 

by explaining and showing 

relationships between 

them and some general 

characteristics with good 

use of the concepts, models 

and theories 

Strand 11 Evaluation and assessment of student learning and development

1950



Assessments of knowledge requirements 

The knowledge requirements were interpreted and dissected in smaller units in order 

to construct an assessment rubric adapted to the inquiry. Five main skills were 

selected from the knowledge requirements; Use of theory, Improvement of the 

experiment, Explanations, Relate, and Discuss. In order to make the assessment rubric 

more generalized we decided not to use the grades of the curriculum but recognized 

three levels of skills; Sufficient, Good, and Better corresponding to the grades E, C 

and A respectively. In all cases we also gave examples of relevant student answers. 

This is a more or less necessary requirement in order to make sure that the performer, 

assessor or teacher really understands what is meant by a specific requirement (Arter 

& McTighe 2001, Jönsson 2011). 

As an example of this we can look at the knowledge requirement “Pupils can carry 

out studies based on given plans and also contribute to formulating simple questions 

and planning which can be systematically developed. In their studies, pupils use 

equipment in a safe and basically functional way. Pupils apply simple reasoning 

about the plausibility of their results and contribute to making proposals on how the 

studies can be improved.” (Year 9, level E). This requirement contains information 

that may be dissected into several units.  

Primarily it is necessary to look at the five skills of the students that are going to be 

assessed and look at the suitable requirements for each skill. The students are 

supposed to “carry out studies based on given plans”. In the case the experiment is 

very simple, (light and observe a burning candle), and hardly useful assessing this 

specific skill. They shall “also contribute to formulating simple questions and 

planning which can be systematically developed”. This requirement can be further 

developed to suit the five skills.  

In order to show this skill it is necessary to have some knowledge about the theory 

and use it in a suitable way. The skill ”use of theory” is a necessary condition for this 

and may be formulated as “The student draws simple conclusions partly related to 

chemical models and theories.” This criterion also is in concordance with the skill 

“simple reasoning about the plausibility of their results and contribute to making 

proposals on how the studies can be improved.” This may be formulated as “the 

student discusses the observations and contributes with suggestions of improvements” 

in the rubric for assessment of the improvement of the experiment requirement. 

In a similar way the assessment of remaining three skills may be developed into more 

specific criteria adapted to this experiment (Table 3). 

In order to make it possible for the student to understand what is expected it is 

necessary to clarify the requirement criteria and give realistic examples of these 

requirements. The meaning of words differs between disciplines not only in the 

academic world but also in school (cf. Chanock 2000). This has consequences when 

students get feedback as they often do not understand the academic discourse with its 

specific concepts and fail to use the feedback later (Lea & Street 2006). Criteria 

combined with explicit examples are necessary to solve this problem (Sadler 1987). 

This is also important when designing assessment rubrics (Busching 1998, Arter & 

McTighe 2001). Thus, to every criterion there has to be at least one example given. In 

Table 3 this is exemplified in every combination of skill and grade requirement. 
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Table 3 

Assessment rubric for assessing skills in an experiment of phase changes 
 Sufficient Good Better 

Use of theory The student draws 

simple conclusions 

partly related to 

chemical models and 

theories. (I can see 

stearic acid in solid, 

liquid and gas phase.) 

The student draws 

conclusions based on 

chemical models and 

theories. (The heat of the 

candle causes the phase 

transfer between the 

phases.) 

The student draws well 

founded conclusions out of 

chemical models and 

theories. (Stearic acid 

must in gas phase and mix 

with oxygen to burn.) 

Improvement 

of the 

experiment  

The student discusses 

the observations and 

contributes with 

suggestions of 

improvements. 

(Observe more 

burning candles.) 

The student discusses 

different interpretations 

of the observations and 

suggests improvements. 

(Remove the wick and 

relight the candle.) 

The student discusses well 

founded interpretations of 

the observations, if they 

are reasonable, and 

suggests based on these 

improvements which allow 

enquiries of new 

questions. (Heat a small 

amount of stearic acid and 

try to light the gas phase 

above.)  

Explanations 

 

The student gives 

simple and relatively 

well founded 

explanations. (The 

stearic acid melts by 

heat produced by the 

flame.) 

The student gives 

developed and well 

founded explanations. 

(Also the change from 

liquid phase to gaseous 

phase depends on the 

heat from the flame.) 

The student presents 

theoretically developed 

and well founded 

explanations. (All phase 

changes from solid to 

liquid or liquid to gaseous 

need energy.) 

Relate The student gives 

examples of similar 

processes as in the 

experiment related to 

questions about 

energy, environment, 

health and society. 

(The warmth of the sun 

melts the ice on the 

lake at the end of the 

winter.) 

The student generalizes 

and describes the 

occurrence of similar 

phenomena as in the 

experiment related to 

questions about energy, 

environment, health and 

society. (In the frying 

pan it is hot enough for 

butter to melt and in the 

sauna water vaporizes.) 

The student discusses the 

occurrence of the 

phenomena observed in 

everyday life and the use 

of it and its impact on 

environment, health and 

society. (The phase change 

from liquid to gaseous 

phase cools you down 

when you are sweating.) 

Discuss The student 

contributes to a 

discussion of the 

occurrence of the 

phenomena studied in 

society and makes 

statements partly based 

on facts and describes 

some possible 

consequences. (Gases 

are often transported 

in a liquid phase which 

has a lower volume.) 

The student describes 

and discusses the 

occurrence of the 

phenomena studied in 

society and makes 

statements based on facts 

and fairly complicated 

physical relations and 

theories. (The bottle of a 

gas stove has fuel mainly 

in liquid phase but it is 

transported in the hose 

and burnt i gaseous 

phase.) 

The student uses the 

experiment as a model and 

discusses the occurrence 

of the phenomena studied 

in society and makes 

statements and 

consequences based on 

facts and complicated 

physical relations and 

theories (The phase 

change from liquid to 

gaseous phase cools you 

down when you are 

sweating.) 
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WORKSHOP 

We had prepared four similar activities, all with the same material; candle, wick, and 

matchbox but with different purposes. The activities represented studies of mass 

transfer, energy transformation, technical design, and phase changes. At the workshop 

three groups were formed, omitting the study of technical design. The three groups 

were not informed about the differences between the aims of their experiments. The 

groups were constructed to include people with as varied background as possible. 

Thus, participants from one specific country or similar fields as chemistry or physics 

were allocated to different groups. They performed elaborative tasks similar to those 

used by teachers working at different levels, assessed the performance and evaluated 

the learning outcome of the activity. Within each group one person was selected to do 

the assessment of activities the others made. The person assessing the work should 

focus not only on the results of the discussions within the group but also try to 

evaluate the process, as the aim was to assess the skills of the participants rather than 

the content of their knowledge. 

Discussion 

The aim was to demonstrate of how peer reviewing within the group may be used for 

producing information of several kinds beneficial for the performance assessment of 

science education at school. Discussions arose among the participants about how an 

integrated approach, especially in relation to other subjects in school, improved the 

usefulness of the methods. Learning by doing followed by discussions became the 

major part of the workshop with sharing of ideas and suggestions for further 

development.  

Most of the participants had weak knowledge of assessments of practical skills and 

expressed their astonishment of the positive result of the workshop and showed 

curiosity to use the method. Some of the participants also showed didactic skills when 

explaining the different aspects of the experiment they mastered to the others, a good 

example of the importance of variation in the skills of group members. 

The persons who made the assessments expressed the need of further practicing. They 

realized the complexity in assessing different skills at the same time as assessing the 

grade. They also expressed a will to develop this ability as they realized the strength 

in assessing several skills at one occasion. Further, the participants noted the 

importance of questions like the last on in the instructions (Appendix) in order to 

assess the quality of the relation between theory and practice. 

Conclusion 

Although, based on a simple experiment of a burning candle, the workshop gave a 

opportunity to discuss and understand theories being regarded as difficult to 

understand from the viewpoint of the student or difficult to teach from the teachers’ 

view. The experiments, although similar, were of different character, thus, reflecting a 

wide spectrum of possibilities.  

Thus, the activities performed may be seen as models or examples possible to further 

develop new assessments according to the content of the subject. 
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APPENDIX  

INQUIRY OF A BURNING CANDLE 

This is an experiment of phase changes 

1. Light the candle and observe the change of phases. 

2. Which changes of phase can you observe?  

3. Where do they occur?  

4. Why do they occur?  

5. What happens in the different phases? 

6. How may you improve the experiment?  

7. Give examples of phase changes in daily life and the society. 

 

INQUIRY OF A BURNING CANDLE 

This is an experiment of energy transformation 

1. Light the candle and observe the energy transformations. 

2. Which changes of energy forms can you observe?  

3. Where do they occur? 

4. Why do they occur? 

5. What happens during the different energy transformations? 

6. How may you improve the experiment?  

7. Give examples of energy transformations in daily life and the society. 

 

INQUIRY OF A BURNING CANDLE 

This is an experiment of mass transfer 

1. Light the candle and observe mass transfer  

2. Which types of mass transfer can you observe?  

3. Where do they occur? 

4. Why do they occur? 

5. What happens to the candle due to this mass transfer? 

6. How may you improve the experiment?  

7. Give examples of mass transfer in daily life and the society. 

 

INQUIRY OF A BURNING CANDLE 

This is an experiment of candle design 

1. Light the candle and discuss the design of the candle.  

2. Which different parts can you observe in the candle? 

3. Where are they and how are they united?  

4. What function do the different parts have? 

5. Why is the candle created in that way? 

6. How may you improve the experiment?  

7. Give examples of similar designs in daily life and the society. 
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DEVELOPMENT OF AN INSTRUMENT TO MEASURE 

CHILDREN’S SYSTEMS THINKING  
 

Kyriake Constantinide, Michalis Michaelides and Costas P. Constantinou 

University of Cyprus  

Abstract: Systems thinking is a higher order thinking skill required to meet the demands 

of social, environmental, technological and scientific advancements. Science abounds in 

systems and makes system function a core object of investigation and analysis. As a 

consequence, teaching in science can be a valuable framework for developing systems 

thinking.  In order to approach this methodically, it becomes important to specify the 

aspects that constitute the “systems thinking” construct, design curriculum materials to 

help students develop these aspects, and develop instruments for evaluating students’ 

competence and monitoring the learning process. The present study aims at the 

development of an instrument for standardized assessment of systems thinking. It draws 

on a methodology that follows a cyclic procedure for instrument development and 

validation, where literature, experts, students and educators contribute in the procedure.  

Currently, the assessment instrument is in the second cycle of field testing, having 

collected data from about 900 students and having used these to develop a first version of 

a validated test and a scale for measuring 10-14-year-old children’s systems thinking. 

The test consists of multiple-choice scenario items that draw their content from everyday 

life.  We present the methodology we are following, providing some examples of 

multiple-choice items to demonstrate their development and transformation throughout 

the process.   

Keywords: systems thinking, assessment, test development  

BACKGROUND  

The rate of advancements in scientific knowledge and technology and the widespread 

demands on young people to participate actively in solving problems in almost every 

aspect of our lives have reoriented the role of education in general and science teaching 

in particular. Nowadays, science teaching aims at developing scientifically literate people 

with flexible thinking skills and an ability to participate critically in meaningful 

discourse. More specifically, it aims at helping students acquire positive attitudes towards 

learning and science, a variety of experiences, conceptual understanding, epistemological 

awareness, practical and scientific skills and creative thinking skills (Constantinide, 

Kalyfommatou & Constantinou, 2001).   

The definitions of systems thinking described in the literature (e.g., Senge, 1990; Thier & 

Knott, 1992; Booth Sweeney, 2001; Ben-Zvi Assaraf & Orion, 2005) include thinking 

about a system, meaning a number of interacting items that produce a result over a period 

of time. According to the Benchmarks for Science Literacy (AAAS; 1993), systems 

thinking is an essential component of higher order thinking, whereas Kali, Orion and 
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Eylon (2003) refer to systems thinking as a high-order thinking skill required in 

scientific, technological, and everyday domains. Senge (1990) claims that systemic 

thinkers are able to change their own mental models, control their way of thinking and 

their problem-solving process. Therefore, defining, promoting through curricula, and 

measuring systems thinking should be an essential priority for education. Science 

teaching and learning can be a valuable framework for developing such skills, since it 

abounds in systems and science makes system function a core object of investigation and 

analysis.  

Several structured teaching attempts to promote systems thinking are reported in the 

literature, making the development of instruments for measuring systems thinking and for 

evaluating the effectiveness of such curricula a necessity. The most common means of 

evaluating systems thinking that has been reported thus far include tests (e.g. Riess & 

Mischo, 2009), interviews (e.g. Hmelo-Silver & Green Pheffer, 2004) and computer 

simulations and logs (e.g. Sheehy, Wylie, McGuinness & Orchard, 2000). Some 

researchers in order to triangulate their data used a combination of various data sources 

(e.g. Ben-Zvi Assaraf & Orion, 2005). Almost all means include tasks where a problem is 

introduced and the subjects have to propose solutions or predict the behavior of the 

system and its elements. Nevertheless, to date there is no validated instrument and prior 

research has not provided a scale for measuring systems thinking of children aged 10-14 

years old. The purpose of this paper is to describe the on-going development process of 

the Systems Thinking Assessment (STA), a test designed to assess systems thinking. 

 

RESEARCH METHODOLOGY  

Systems Thinking Assessment (STA): purpose and specifications  

The STA will be used to measure the quality of thinking about systems by children aged 

10-14 and the effectiveness of curricula designed to promote systems thinking. It consists 

of multiple-choice items in the context of everyday phenomena, familiar to the children 

of the specific age range. The stems of the items include a scenario and children are 

asked to choose the best possible answer, amongst four alternatives.   

Multiple choice items have advantages and disadvantages. Given that every other criterion 

was taken into account, grading a multiple choice test is objective, since a grader would 

mark an item in the same way as anybody else. Besides, a short amount of time is needed 

to administer many items, in order to sufficiently cover the content domain under study. 

They are also more reliable than other forms of questions, since, in a possible 

readministration of a test, it is more likely that a subject will produce the same answers if 

the questions are multiple choice than if they are open-ended.  A basic disadvantage of 

multiple choice questions is that they do not provide much information on the subjects’ 

thinking processes, namely the reasons for which they answer each item the way they do. 

Nevertheless, the procedure of the test’s development and Rasch analysis minimize the 

effect of this disadvantage on the results.  
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In order to be able to make generalizations, there was an intentional effort to include items 

that utilize various systems: physical-biological systems (such as water cycle, a forest, a 

dam or food webs), mechanical-electrical systems (such as a bicycle or a car) and 

socioeconomic systems (such as a family, a village or a store). Moreover, where possible, 

a picture or a diagram was added in the items’ wording, so as to make the item clearer and 

the test more eye-pleasant.  

We have adopted the following operational definition of systems thinking, which relies 

on four strands:  

(a) “System definition” includes identifying the essential elements of a system, its 

temporal boundaries and its emergent phenomena. (b) “System interactions” includes 

reasoning about causes and effects when interactions are taking place within the system. 

(c) “System balance” refers to the abilities of recognizing the relation between 

interactions and the system’s balance. (d) “Flows” refers to reasoning about the relation 

of inflows and outflows in a system and recognizing cyclic flows of matter or energy.  

STA’s cyclic development procedure  

Figure 1 presents the cyclic nature of the STA development. The definition of Systems 

Thinking in the center of the cycle is in regard to both the abilities that constitute it and 

the items that measure it. Involved parties (experts, educators, students and existing 

literature), provide feedback on Systems Thinking definition through data that define the 

test’s validity and reliability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Development procedure for STA 
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The STA has already undergone its first cycle of development. Reviewing the literature 

led to 13 abilities that seemed to define Systems Thinking. The original items were 

developed and administered to a small number of 10-year-old students. Qualitative and 

quantitative data led to modifications (content and wording changes) and the 

development of new items. Two experts gave feedback on the test’s content validity. 

Further improvements were carried out and two educators with experience with children 

aged 10-14 years old examined the face validity of the test. The revised version was once 

again administered to a small number of 10-year-old students and after the necessary 

modifications the “final” form of the test with 52 multiple-choice items was administered 

to 900 students. Rasch modeling led to a scale showing items’ difficulty and students’ 

ability.  

Based on a broader literature review and the development of separate examples regarding 

each ability, the second development cycle began with revising the 13-ability schema and 

reducing the abilities to 10 and the items to 41. The revised test was given to 

approximately 90 10-14-year-old students. Test and items’ difficulty indices, items’ 

discrimination indices and frequencies were calculated and, items were either modified or 

replaced. Afterwards, 16 students participated in interviews, answering the items and 

following a think-aloud protocol (Ericsson & Simon, 1998). Non-effective items were 

replaced or modified.  

The latest version of the items is under evaluation by independent experts. Graduate/PhD 

students in Learning in Science, academics specialized in Science Teaching or 

Psychology and international researchers with experience on Systems Thinking 

measurement will provide feedback on the test by solving it first, and by judging its 

efficiency based on a structured protocol. Finally, an “expert panel” will be formed, 

during which any problems will be discussed until the panel reaches consensus. The 

revised test will be given to four educators to evaluate its face validity. The test will then 

be administered to 100 10-14-year-old students to statistically assess its clarity and its 

developmental validity. The improved test will finally be administered to 500 students 

and the data will be analyzed using Rasch modeling. Confirmatory Factor Analysis will 

be carried out in order to assess the 10-ability structure of the construct. 

 

RESULTS  

At the final stage of the first cycle of the STA development, the test was administered to 

about 900 students. Rasch statistical model provided a scale for the 52 items of the STT, 

where both subjects’ score and items’ degree of difficulty are presented (Figure 2).   

It is evident that the 52 items of the test fit the model well. Both students’ scores and 

items’ degree of difficulty are distributed uniformly on the scale. Students’ scores vary 

between -2.16 and 2.37 logits, whereas the items’ degree of difficulty varies between -

2.41 and 2.53 logits.  
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* Every Χ represents 4 students  

Figure 2. Scale of STT (at the end of first cycle) 
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Table 1 

Statistical values for the 52 STA items for the whole sample and the four groups 

 

Statistical indices Total 

sample 

5
th

 Gr. 

Prima

ry 

6
th

 

grade 

Primary 

1
st
 

grade 

Secon

d. 

2
nd

 

grade 

Secon

d. 

(n=848

) 

(n=21

9) 

(n=249) (n=13

7) 

(n=24

3) 

Mean (items*) 0.00 0.00 0.00 0.00 0.00 

           (persons) -0.01 -0.30 -0.05 0.14 0.21 

Standard deviation (items) 0.97 0.96 0.97 1.08 1.03 

                               (persons) 0.72 0.66 0.73 0.73 0.68 

Separability** (items) 0.99 0.97 0.98 0.96 0.98 

                        (persons) 0.81 0.77 0.81 0.81 0.78 

Mean Infit mean square (items) 1.00 1.00 1.00   1.00 1.00 

                                        (persons) 1.00 1.00   1.00 1.00 1.00 

Mean Outfit mean square (items) 1.01 1.02 1.02 1.01 1.01 

                                          (persons) 1.01 1.02 1.02 1.01 1.01 

Infit t (items) -0.12 -0.13 -0.03 0.00 0.04 

          (persons) -0.04 -0.07 -0.03 -0.02 -0.01   

Outfit t (items) 0.09 0.05 0.09 0.05 0.08 

             (persons) 0.02 0.04 0.03 -0.01 0.02 
 

*L=52 items 

** Separability: value=1 shows great reliability, whereas value=0 very little reliability  

 

Table 1 shows the statistical values of Rasch statistical model for the whole sample and 

the four subgroups (5th and 6th primary grades and 1st and 2nd secondary grades) 

separately. It is evident that, for the whole sample and the subgroups, items’ reliability 

values are over .95, whereas subjects’ reliability values are over .76. Although the 

generally accepted values for such a scale are over .90 (Wright, 1985), the subjects’ 

reliability may be accepted. Furthermore, Mean Infit mean square for both items and 

subjects equals to 1 for the whole sample and the subgroups, while Mean Outfit mean 

square is either 1.01 or 1.02. Infit t and Outfit t, range from -0.13 to 0.09.  Subjects’ 

Standard Deviation is rather small (SD=0.72), indicating uniformity in the sample’s 

behavior. Namely, students aged 10-14 respond to STT as an unvarying group. Besides, 

the subjects’ mean score increases with age, suggesting developmental validity of the 

test. Rasch analysis also showed that the items receive infit values from .87 to 1.18, 

which fit the generally accepted range .77-1.30 (Adams & Khoo, 1993). Three of the 

items have an outfit value over 1.30, but since the difference between infit and outfit 

values for these items is small, they remain in the test.   

Strand 11 Evaluation and assessment of student learning and development

1961



This is an on-going study and, at the moment, the test is under its second cycle of 

development. Test administration and interviews with students, feedback from experts 

and educators provide data to validate the items. The way data from each stage were 

analyzed is indicated in the Tables 1 and 2 that are presented in the next subchapter. At 

the end of the second cycle, Rasch analysis, as well as confirmatory factor analysis will 

be conducted and results will be published.  

Two examples of the items’ development  

The development of two items through the STA construction cycles can be seen in Tables 

2 and 3. The “bicycle” item presented in Table 2 refers to the strand “System definition” 

and more specifically to the ability of identifying the essential elements of a system and 

during the procedure it has been revised. The “apple tree” item presented in Table 3 

refers to the strand “System balance” and more specifically to the ability of identifying 

reinforcing balancing loops. It has been replaced by a different one because of 

problematic item statistics during the pre-pilot phase of the second development cycle.    

Table 2 

The development of the “bicycle” item 

1st 

cycle Translation in English Comments Action 

Pre-

pilot 

Which are the least elements that a 

bicycle that can troll should have?   

Α. frame, two wheels, pedals, chain  

Β. frame, two wheels, gears, handle 

bar 

C. frame, two wheels, pedals, seat 

D. frame, two wheels   

Students did not understand 

the wording of the stem 

Frequencies per alternative: 

 

A B C D 

0,41 0,09 0,32 0,18 
 

Change 

wording 

of main 

body 

and 

alternati

ves 

To 

experts 

Which are the elements that a 

bicycle SHOULD have in order to 

roll, when someone is pushing it?   

Α. frame, two wheels, chain, 

pedals, handle bar  

Β. frame, two wheels, chain, pedals  

C. frame, two wheels, chain  

D. frame, two wheels   

Experts relate the item to two 

–initially – separate abilities 

(the abilities 1.1 and 1.2 were 

afterwards unified)  

Keep as 

is 

To 

educat

ors 

Which are the elements that a 

bicycle SHOULD have in order to 

troll, when someone is pushing it?   

Α. frame, two wheels, chain, 

pedals, handle bar  

Β. frame, two wheels, chain, pedals  

C. frame, two wheels, chain  

D. frame, two wheels   

OK Keep as 

is 
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Pilot  Which are the elements that a 

bicycle SHOULD have in order to 

troll, when someone is pushing it?   

Α. frame, two wheels, chain, 

pedals, handle bar  

Β. frame, two wheels, chain, pedals  

C. frame, two wheels, chain  

D. frame, two wheels   

Frequencies per alternative: 

 

A B C D 

0,56 0,19 0,00 0,25 
 

Revise 

distract

or 

Final 

admini

stration 

Which are the elements that a 

bicycle SHOULD have in order to 

troll, when someone is pushing it?   

Α. frame, two wheels, chain, 

pedals, handle bar  

Β. frame, two wheels, chain, pedals  

C. frame, two wheels, chain, handle 

bar  

D. frame, two wheels   

Frequencies per alternative: 

 

A B C D 

0,58 0,07 0,16 0,18 
 

Change 

wording 

of the 

stem 

 

2
nd

  

cycle 

 

 

  

Pre-

pilot 

Which are the elements that a 

bicycle SHOULD NECESSARILY 

have in order to troll, when 

someone is pushing it?   

Α. frame, two wheels, chain, 

pedals, handle bar  

Β. frame, two wheels, chain, pedals  

C. frame, two wheels, chain, handle 

bar  

D. frame, two wheels   

Difficulty index  (0.21) 

Discrimination index  (0.3) 

Alternatives – ok 

Frequencies per alternative: 

 

A B C D 

0,40 0,15 0,24 0,21 
 

Keep as 

is 

Intervi

ews 

(first 

set) 

Which are the elements that a 

bicycle SHOULD NECESSARILY 

have in order to troll, when 

someone is pushing it?   

Α. frame, two wheels, chain, 

pedals, handle bar  

Β. frame, two wheels, chain, pedals  

C. frame, two wheels, chain, handle 

bar  

D. frame, two wheels   

Correct answer with 

CORRECT reasoning (4/11) 

Wrong answer (7/11)  

Suggestion of other 

alternatives (2/11) 

(“wheels, pedals, handle bar”) 

Alternative (B) not chosen by 

anyone 

Change 

alternati

ve 

content 

Intervi

ews 

(secon

d set) 

Which are the elements that a 

bicycle SHOULD NECESSARILY 

have in order to troll, when 

someone is pushing it?   

Α. frame, two wheels, chain, 

pedals, handle bar 

Correct answer with 

CORRECT reasoning (1/5)  

Wrong answer (4/5) 

Keep as 

is 
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Β. frame, two wheels, pedals, 

handle bar 

C. frame, two wheels, chain, handle 

bar 

D. frame, two wheels   

 

 

Table 3 

The development of the “apple tree” item 
1

st
  cycle Translation in English Comments Action 

Pre-pilot - - - 

To experts - - - 

To 

educators 

Mr George planted a small apple tree 10 

years ago. Now the apple tree is quite big. 

As the apple tree grows,  

A. it needs  more water. 

B. it needs less water. 

C. the tree’s need in water does not change. 

D. it does not need extra water, since it has 

already grown. 

ΟΚ Keep as is 

Pilot  Mr George planted a small apple tree 10 

years ago. Now the apple tree is quite big. 

As the apple tree grows,  

A. it needs more water . 

B. it needs less water. 

C. the tree’s need in water does not change. 

D. it does not need extra water, since it has 

already grown. 

Frequencies per alternative: 

 

A B C D 

0,38 0,31 0,13 0,19 

Keep as is 

Final 

administra

tion 

Mr George planted a small apple tree 10 

years ago. Now the apple tree is quite big. 

As the apple tree grows,  

A. it needs more water. 

B. it needs less water. 

C. the tree’s need in water does not change. 

D. it does not need extra water, since it has 

already grown. 

Frequencies per alternative: 

A B C D 

0,48 0,18 0,25 0,07 

Keep as is 

 

2
nd

 cycle 

   

Pre-pilot Mr George planted a small apple tree 10 

years ago. Now the apple tree is quite big. 

As the apple tree grows,  

A. it needs more water . 

B. it needs less water. 

C. the tree’s need in water does not change. 

D. it does not need extra water, since it has 

already grown. 

Difficulty index (0.43) OK 

Discrimination index (-0.3) 

 

Frequencies per lternatives  

 

A B C D 

0,43 0,21 0,28 0,07 
 

Item 

replaced 
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CONCLUSION 

Systems thinking is a higher order skill, important in dealing with everyday phenomena 

and in solving problems. At the same time, science is a field with plenty of models to 

analyze and model. Despite the widespread research on curriculum development on 

systems thinking, no validated tests have been developed to evaluate their effectiveness. 

STA is developed following a cyclic and iterative procedure. It aspires to be a useful 

instrument in assessing a curriculum designed to promote systems thinking in upper-

primary and lower-secondary school students.  
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DEVELOPMENT OF A TWO-TIER TEST-INSTRUMENT 

FOR GEOMETRICAL OPTICS  

 

Claudia Haagen and Martin Hopf 

University of Vienna, AECCP, Vienna, Austria 

 

Abstract: Light is part of our everyday life. Nevertheless, students face enormous 

difficulties in explaining everyday optical phenomena with the help of scientific concepts. 

Usually they rely on alternative concepts deduced from everyday experience, which are 

often in conflict to scientific views. The identification of such alternative conceptions is 

one of the most important prerequisite for promoting conceptual change (Duit und 

Treagust 2003). Investigating students’ concepts with interviews is quite time consuming 

and difficult to handle in school-settings. Multiple-choice tests on the other hand, depict 

the conceptual knowledge base frequently in a superficial way. The main aim of our 

project is to develop a two-tier multiple-choice test which reliably and validly diagnoses 

year-8 students' understanding of geometrical optics. So far, we have developed and 

empirically tested a first (N=643) and second test version (N=367) partly based on items 

from literature. Though, the overall results are promising, the quality of the items differs a 

lot: There are a number of items which do not have appropriate distractors for the second 

tier. In addition, students’ and teachers’ feedback on the test indicates that some items pose 

problems due to their wording or the kind of representation chosen. For a closer analysis of 

these “problematic items” the qualitative method of student interviews was chosen. Semi-

structured, problem based interviews were led with 29 year-8 students after their formal 

instruction in optics. Based on the results of these interviews, test items were revised and 

extended. 

Keywords: geometrical optics, two-tier multiple choice test, test development 

 

INTRODUCTION 

Despite everyday experience with light, understanding geometrical optics turns out to be 

difficult for students. Physics education research shows that students hold numerous 

conceptions about optics which differ from scientifically adequate concepts (Duit 2009). 

Alternative conceptions are very stable. Research shows that formal instruction is 

frequently not able to transform them into scientifically accepted ideas (Andersson und 

Kärrqvist 1983; Fetherstonhaugh und Treagust 1992; Galili 1996; Langley et al. 1997).  

Teachers’ knowledge about their students’ learning difficulties is one important 

prerequisite for the design of successful instruction. Exploring students’ conceptual 

knowledgebase can provide important feedback: It can support students in their individual 

learning process and can serve as basis for further teaching decisions. 

In general, there are two main methods used for examining students’ conceptual 

knowledge: Interviews and open ended questionnaires. The most effective methods like 

interviews are very time consuming and difficult to handle for teachers in classroom 

situations. In search for alternatives out of this dilemma, we encountered the method of 

two-tier tests as used by e.g. Treagust 2006; Law & Treagust 2008. Two-tiered test items 

are items “that require an explanation or defence for the answer […] (see Wiggins and 
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McTighe 1998, p. 14)” (Treagust 2006). Each item consists of two parts, called tiers. The 

first part of the item is a multiple-choice question which consists of distractors including 

known student alternative conceptions. In the second part of each item, students have to 

justify the choice made in step one by choosing among several given reasons (Treagust 

2006). 

Research on alternative conceptions in optics has mainly used the methods of interviews or 

questionnaires with open answers (Andersson und Kärrqvist 1983; Driver et al. 1985; 

Guesne 1985; Viennot 2003). In addition, multiple-choice tests were developed (Bardar et 

al. 2006; Chen et al. 2002;Chu et al. 2009; Fetherstonhaugh und Treagust 1992). These 

tests focus on various age-groups and on different content areas within geometrical optics. 

We have, however, not found a psychometric valid test-instrument designed to portray 

basics conceptions in geometrical optics of students on the lower secondary level. 

Our main research objective is the development of a multiple-choice test-instrument for 

year-8 students which is able to portray the students’ conceptions in geometrical optics. 

 

DEVELOPMENT OF THE TEST INSTRUMENT 

The test instrument was so far developed in two phases. In the first phase of the test 

development the content area of the test was identified based on the Austrian curriculum of 

year-8. Then students’ conceptions related to the key ideas of the content area were 

investigated by intensive literature research. Finally, items for the test were selected from 

already existing assessment tools for geometrical optics and adopted to the two-tier 

structure, where possible. Where already existing items were added a second tier, 

distractors for this second tier were taken from research on students’ conceptions. 

Additionally, some items were newly developed. The final version of the test was tried out 

with N=643 year-8 students.  

The results of this first test phase were used to revise the first test version. The second test 

version was tested with N=367 year-8 students, after their conventional instruction in 

geometrical optics in year-8. This version consisted of 20 two-tier items and 6 items with 

only one-tier, which were partly taken from literature (Fetherstonhaugh und Treagust 1992; 

Kutluay 2005; Bardar et al. 2006; Chu et al. 2009). The results of the statistical analysis 

with SPSS and students’ and teachers’ feedback on the test indicated a potential for 

improvement. Some items did not have appropriate distractors for the second tier, while 

others seemed to pose problems due to their wording or the kind of representations (Colin 

et al. 2002) chosen. 

Consequently, semi-structured, problem based interviews were conducted with year-8 

students, after their instruction in geometrical optics. These interviews were carried out for 

the following reasons: Firstly, we wanted to make sure that the distractors which had been 

taken  from literature were exhaustive. Secondly, the interviews should investigate the 

response space of the newly developed items. Finally, the language and the graphical 

representations used in the items should be validated by students. 

 

Participants and Setting 

We interviewed 29 students (17 female, 12 male) after their instruction in geometrical 

optics. The students attended year-8 in 5 different schools. The students went to 8 different 
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classes and thus had 8 different physics teachers. The schools our sample attended 

contained all different types of schools available in Austria at year-8 level.  

The interviews were conducted in the school setting. Each student was interviewed 

individually. The average duration of the interviews was 19.5 minutes. 

 

METHOD 

We carried out semi-structured, problem based interviews (Lamnek, 2002; Mayring, 2002; 

Witzel, 1985). The interviews were based on seven selected items of the second test 

version. The students were just given the item task without any distractors. The interview 

followed a four step structure for each item. The students had to: 

 paraphrase the task of the item 

 describe the graphical representation used in the item 

 answer the item 

 account for the answer given 

Figure 1. Flow chart of the structure of the interviews 

 

Data analysis 

The interviews were recorded and transcribed. Afterwards they were analysed with 

MAXQDA following the method of qualitative content analysis by Mayring (2010) and 

Gropengießer (2008). 

The data was analysed concerning three main categories: language issues, the forms of 

visual representations used and students’ conceptions related to the content of the items. As 

far as language issues are concerned, we were interested how students interpreted the task 

of the item on basis of the text given. Additionally, we tried to identify unfamiliar words 

and expressions as well as too long or complicated sentences. 

For the visual representations our main aim was to find out if the students were able to 

grasp the content or the situation represented in visual form. 

The final category on students’ conceptions was supposed to analyse the response space 

concerning the problems posed and so to get a good overview of students’ conceptions 

related to the problem posed. 
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FINDINGS 

The findings presented here are results of the empirical testing of the second test version 

(N=376). The reliability of the test was established by a Cronbach alpha coefficient of 

α=0.77. An overview of the test and item statistics concerning the 20 two-tier items is 

given in figure 2. 

 

Figure 2. Test and item statistics of the second test version  

Two-tier items were on average answered only in 37.2% of cases correctly. Contrary, one-

tier items were solved on average in 47.41% of the cases. The solution frequencies of one-

tier items (8.5% - 88.0%) were higher than those of two-tier items, which varied between 

3.0% and 57.2%. This effect is well known from research using two-tier items. Next to 

other factors, it is mainly caused by the fact that the probability of guessing is reduced by 

the necessity of accounting in the second tier for the choice made in tier one (cf. e.g. Tan & 

Treagust 2002). 

This is also supposed to be one way of distinguishing students who just possess a 

superficial factual knowledge of phenomena from students who have a deeper conceptual 

knowledge of phenomena as they are not only able to give a correct answer for the first tier 

of a multiple choice item but are also able to give a correct reason for their choice. As 

reported elsewhere (cf. Haagen & Hopf 2012) a more detailed analysis of the items 

indicated that most two-tier items used had a higher potential of portraying students’ 

conceptions in more detail in comparison to one-tier items. 

The second part of the findings section is going to concentrate on the findings of the 

interviews. As already mentioned above, the interviews were used to find appropriate 

distractors for items not having a second tier. For this paper, the focus is on this issue and 

in the following, one example of adding a second tier with help of the interview results is 

reported. 

For the topic of continuous propagation of light, the following item represented in figure 3 

was used. 
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Figure 3. One-tier item of test version two concerning the key idea of continuous 

propagation of light 

 

For those students who indicated in the first tier that they supposed a different distance of 

propagation of light from the campfire during day and night, we got 6 different categories 

of reasons as shown in figure 4. 

 

Figure 4. Reasons for a different propagation distance of light from a campfire during day 

and night 

Each of these categories was retranslated into “students’ language” taking either a student 

statement directly from the interviews or modifying a student statement slightly in order to 

fulfil psychometric guidelines for distractor construction. This procedure led to the second 

tier for this item as presented below in figure 5. 

Strand 11 Evaluation and assessment of student learning and development

1971



 

Figure 5. Two-tier item of test version two concerning the key idea of continuous 

propagation of light 

 

CONCLUSION 

In conclusion, the analysis of the second test version showed that two-tier items of the test 

are well able to portray several types of students’ conceptions known from literature. On 

the other hand, results indicated that some items needed still revision and improvement. 

The results obtained by interviews were integrated and make up the third test-version, 

which needs to be tested. 
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STRENGTHENING ASSESSMENT IN HIGH SCHOOL 

INQUIRY CLASSROOMS 

 
Chris Harrison 

King’s college London 

 
Abstract: Inquiry provides both the impetus and experience that helps students 

acquire problem solving and lifelong learning skills. Teachers on the Strategies for 

Assessment of Inquiry Learning in Science Project (SAILS) strengthened their 

inquiry pedagogy, through focusing on seeking assessment evidence for formative 

action. Observing learners in the classroom as they carry out investigations, listening 

to learners piece together evidence in a group discussion, reading through answers to 

homework questions and watching learners respond to what is being offered as 

possible solutions to problems all provide plentiful and rich assessment data for 

teachers.  

Keywords: Inquiry, Assessment, Teacher change 

 

BACKGROUND 

The European Parliament and Council (2006) identified and defined the key 

competencies necessary for personal fulfillment, active citizenship, social inclusion 

and employability in our modern day society. These included communication skills 

both in mother tongue and foreign languages, mathematical, scientific, digital and 

technological competencies, social and civic competencies, cultural awareness and 

expression, entrepreneurship and learning to learn.  These key competencies formed 

the foundation for the approach that  our  European Framework 7 project (EUFP7) 

Strategies for Assessment of Inquiry Learning in Science Project (SAILS) took to 

developing, researching and understanding how teachers might strengthen their 

teaching of inquiry-based science education. 

Since the Rocard Report (2007) recommended that school science teaching should  

move from a deductive to an inquiry approach to science learning, there have been  

several  EUFP7 projects  such as S-TEAM, ESTABLISH, Fibonacci, PRIMAS and 

Pathway,.whose remit has been to  support groups of teachers across Europe in 

bringing about this radical change in practice.  These projects have been successful in 

highlighting the importance of IBSE across Europe. They also have enabled us to 

determine the range of understanding of what the term inquiry means to teachers 

across Europe, and to establish to what extent skills and competencies that are 

developed through inquiry practices have been identified.  The term inquiry has 
figured prominently in science education, yet it refers to at least three distinct 
categories of activities—what scientists do (e.g., conducting investigations using 
scientific methods), how students learn (e.g., actively inquiring through thinking 
and doing into a phenomenon or problem, often mirroring the processes used by 
scientists), and a pedagogical approach that teachers employ (e.g., designing or 
using curricula that allow for extended investigations) (Minner et al, 2009). 

Inquiry-based science education (IBSE) has proved its efficacy at both primary and 

secondary levels in increasing children’s and students’ interest and attainments levels 

(Minner et al, 2009: Osborne et al, 2008) while at the same time stimulating teacher 
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motivation (Wilson et al, 2010).  One area that has remained problematic for teachers 

and cited as one of the areas limiting the development of IBSE within schools has 

been assessment. (Wellcome, 2011). This EUFP7 project Strategies for Assessment of 

Inquiry Learning in Science (SAILS) aims to prepare science teachers, not only to be 

able to teach science through inquiry, but also to be confident and competent in the 

assessment of their students’ learning through inquiry. The literature on teacher 

change suggests that teacher change is a slow (and often difficult process and none 

moreso than when the initiative requires teachers to review and change their 

assessment practices (Harrison, 2012). 

Part of the reason for this slow implementation of IBSE in science classrooms is the 

time lag that happens between introducing ideas and the training of teachers at both 

inservice and preservice level. While this situation should improve over the next few 

years, there is a fundamental problem with an IBSE approach and this lies with 

assessment. While the many EU IBSE projects have produced teaching materials, 

they have not produced support materials to help teachers with the assessment of this 

approach. Linked to this is the low level of IBSE type items in national and 

international assessments which gives the message to teachers that IBSE is not 

considered important in terms of skills in science education. It is clear that there is a 

need to produce an assessment model and support materials to help teachers assess 

IBSE learning in their classrooms if this approach is to be further developed and 

sustained in classrooms across Europe.  

 

Inquiry Skills  

Inquiry skills are what learners use to make sense of the world around them. These 

skills are important both to create citizens that can make sense of the science in the 

world they live in so that they make informed decisions and also to develop scientific 

reasoning for those undertaking future scientific careers or careers that require the 

logical approach that science encourages. An inquiry approach not only helps 

youngsters develop a set of skills such as critical thinking that they may find useful in 

a variety of contexts, it can also help them develop their conceptual understanding of 

science inquiry based science education (IBSE) and encourages students motivation 

and engagement with science.  

The term inquiry has figured prominently in science education, yet it refers to at least 

three distinct categories of activities—what scientists do (e.g., conducting 

investigations using scientific methods), how students learn (e.g., actively inquiring 

through thinking and doing into a phenomenon or problem, often mirroring the 

processes used by scientists), and a pedagogical approach that teachers employ 

(e.g., designing or using curricula that allow for extended investigations) (Minner, 

2009). However, whether it is the scientist, student, or teacher who is doing or 

supporting inquiry, the act itself has some core components.  

Inquiry based science education is an approach to teaching and learning science that is 

conducted through the process of raising questions and seeking answers (Wenning, 

2005, 2007) . An inquiry approach fits within a constructivist paradigm in that it 

requires the learner to take note of new ideas and contexts and question how these fit 

with their existing understanding.  It is not about the teacher delivering a curriculum 

of knowledge to the learner but rather about the learner building an understanding 

through guidance and challenge from their teacher and from their peers.  
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Some of the key characteristics of inquiry  based learning are: 

 Students  are engaged with a difficult problem or situation that is open-ended 

to such a degree that a variety of solutions or responses are conceivable. 

 Students have control over the direction of the inquiry and the methods or 

approaches that are taken. 

 Students draw upon their existing knowledge and they identify what their 

learning needs are. 

 The different tasks stimulate curiosity in the students, which encourages them 

to continue to search for new data or evidence. 

 The students are responsible for the analysis of the evidence and  also for 

presenting  evidence in an appropriate manner which defends their solution to 

the initial problem (Kahn & O'Rourke, 2005). 

In our view, these inquiry skills are developed and experienced through working 

collaboratively with others and so communication, teamwork, and peer support are 

vital components of inquiry classrooms.  

Within an inquiry culture there is also a clear belief that student learning outcomes are 

especially valued. One characteristic of inquiry learning is that students are fully 

involved in the active learning process. Students who are making observations, 

collecting data, analyzing data, synthesizing information, and drawing conclusions are 

developing problem-solving skills. These skills fully incorporate the basic and 

integrated science process skills necessary in scientific inquiry. In England, there has 

been a move to support more practical work in science classrooms, through the Get 

Practical Project (Abrahams et al, 2011). This project has worked through the 

Association of Science Education and the National Science Learning Centre and 

supported primary and secondary teachers in 30 schools in developing their practice 

through practical work resulting in observable changes in the emphasis given to 

practical  work in schools and also to improvements in the learning of science 

concepts. The findings of this project also included an important caveat and that was 

that what was required was more than being aware of the ‘Get Practical’ message. 

They found that teachers needed to plan scaffolding (Wood et al, 1976) in order for 

their learners to be guided towards viewing scientific phenomena in a similar way to 

what their teachers perceive it (Ogborn et al, 1996; Lunetta, 1998). Such an approach 

requires the teachers to take note of what their learners struggle with and then plan 

and implement teaching that helps their pupils improve. I other words the approach 

that teachers need to take is formative.  

A second characteristic of inquiry learning is that students develop the lifelong skills 

critical to thinking creatively, as they learn how to solve problems using a logic and 

reasoning. These skills are essential for drawing sound conclusions from experimental 

findings. While many projects have focused on the evaluation of conceptual 

understanding of science principles developed, there is a clear need to evaluate other 

key learning outcomes, such as process and other self-directed learning skills, with 

the aim to foster the development of interest, social competencies and openness for 

inquiry so as to prepare students for lifelong learning. This has been the aim of many 

of the EUFP7 projects so far and central to this approach is teamwork and 

collaborative behavior. So the move to implement more IBSE type learning across 

Europe has been successful  in terms of raising awareness of the importance of this 
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approach but  the  introduction of these ideas into mainstream teaching  and learning 

has been less readily taken up.  

In many schools, we know that generally science practicals are presented as recipes to 

follow so that students experience scientific phenomena. This approach means that 

the raising of questions about phenomena lies with the teacher rather than the student. 

So, in most science practicals, the student role is limited to simply collecting and 

presenting data that is then made sense of by the teacher. This approach to practical 

work is unlikely to aid conceptual understanding and development of inquiry skills 

beyond practice of a limited number of skills. 

 

Assessment Approach  

The Strategies for Assessment of Inquiry Skills in Science Project (SAILS) consists 

of 14 partners from across Europe and is currently in its second year of development. 

The prime aim of this project is to produce and trial assessment models and materials 

that will help teachers assess inquiry skills in the classroom. At the centre of this work 

is Assessment for Learning. Two of the lead members of the King’s College London 

team Chris Harrison and Paul Black have been working with a pilot group of 16 

expert science teachers developing the first round of materials for the project. The 

materials produced are then being trialled in 13 different countries to see how the 

approach fits within different cultural contexts. Three topics have been selected for 

the first set of materials – Food, Rates of Reaction and  Speed and Acceleration.   

Since the formative use of the assessment data is essential to drive the pedagogy most 

likely to bring about conceptual change in the learners, our approach has been first to 

strengthen the formative assessment that occurs within inquiry teaching.  So SAILS 

teachers need to recognize and collect the assessment data that arises directly from 

inquiry lessons. To do this they need to think carefully about the variety of ways in 

which learners might respond to the new ideas or new contexts or challenging 

question being offered. By listening carefully to classroom discussions during inquiry 

or to solutions to problems that have arisen during the inquiry or to group reflections 

on an inquiry, teachers can gather evidence of their learners’ emerging understanding.  

Teachers can note misconceptions, identify partly answered questions from full 

answers, and recognize errors and possible reasons why such errors are occurring. 

Such data is rich in inquiry lessons because the very nature of the approach means 

that the lesson is challenging and so understanding is interrogated.  The teacher can 

then use this assessment data to scaffold the next stage in learning for their students. 

Such data place teachers in a good position to sum up the progress and to have a 

realistic awareness of each learner’s understanding by the end of the learning 

sequence of activities. 

This type of assessment has high validity. It satisfies one of the conditions for validity 

in having high reliability, in that the learner is assessed on several different occasions, 

thereby compensating for variations in a learner’s performance from day to day, and 

in several ways, thereby sampling the full range of learning aims. The fact that the 

learner has been assessed in contexts which have been interspersed with the learning 

secures both coverage and authenticity, particularly because the teacher is able to test 

and re-test her interpretations of what the data mean in relation to each individual’s 

developing understanding. Such data place teachers in a good position to sum up the 

progress and to have a realistic awareness of each learner’s understanding by the end 
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of the learning sequence of activities.  This is radically different from assessing the 

learner in the artificial context of the formal test, and it is far more valid i.e. the 

teacher can be far more confident in reporting – to a parent, or to the next teacher of 

the learner, or to any others who might want to have and use assessment results – 

about the learner’s potential to both use and to extend her learning in the future. 

 

FINDINGS 

The SAILS pilot so far looks promising. Teachers have reported that they feel that 

they gain far more evidence of student performance by collecting evidence during the 

inquiry activities than from marking reports of the inquiry. They have realized that 

only a limited number of skills can be assessed if the evidence is only sourced from 

the written report and many of the interchanges they witnessed as students discussed 

which inquiry questions were likely ones to form the inquiry and then how to identify, 

select and control and manipulate variables were much richer in reality than in the 

written reports of the investigation. This is  because, by the time the students have 

produced a final report of the inquiry, the ideas been through so many iterative 

interchanges, that the data had been reduced to stark statements that do not capture 

their developing inquiry skills and capabilities.  While the written reports indicated 

whether the students could or could not identify relevant variables, the ease with 

which they could do this and their competence in justifying one variable as testable 

and rejecting another was far better portrayed during the inquiry than in their written 

reports.   

Teachers also recognized that as well as getting a better feel for their students’ 

capabilities, there were some areas that were better assessed during the inquiry than 

could be done by other assessment methods and they discussed the limitations of the 

previous system of assessing inquiry by coursework and also those of the current 

system for assessing inquiry by controlled assessments. This meant that a far wider 

range of inquiry skills were assessed than the teachers had previously attempted to do, 

when the assessment was focused on the written report of the investigation. The 

teachers were especially interested in assessing students’ capability to raise 

investigable questions, their cooperation and teamwork behaviour and their resilience 

in learning from their mistakes.  

However, engaging in more inquiry in their classrooms and assessing in this different 

way also caused concerns and dilemmas for the SAILS pilot teachers.  These were: 

• Teachers unable to collect data on every student  during each inquiry activity 

• Teachers working formatively and so unsure on what they should report  - 

student’s first
 
attempt, last attempt, average attempt 

• Students working collaboratively and this may affect individual performance 

These concerns are shadowed by continual concerns by many of the SAILS pilot 

teachers on public and government confidence in teacher assessment and how the 

teachers might communicate to parents and others why and how a more formative 

approach can be as robust as the assessment  judgments that are made through  

examinations at the end of courses.  

The teachers were also are able to feed evidence back into their teaching and so  

respond formatively to  both the needs and progress of learners. The teachers also 

reported that they had begun to see the inquiry capabilities of their learners more 

Strand 11 Evaluation and assessment of student learning and development

1978



positively then they had done when previously doing practical work with these 

youngsters. The teachers were surprised by how well the learners managed to raise 

inquiry questions, how innovative the learners could be when not limited to following 

a particular path to solving in inquiry problem and how learners were willing to learn 

from their mistakes while still remaining motivated.  

The SAILS pilot teachers reported that they gave far more curriculum time to inquiry 

than they had anticipated was possible at the start of the project. After each meeting 

teachers were asked to try, as a minimum, one inquiry project of around an hour. All 

16 teachers did considerably more than this with several teachers doing extended 

inquiry projects over several weeks and the majority trying 3-6 inquiries with classes 

between January and June. As the teachers gained more confidence with the IBSE 

approach, the inquiry activities became more open in their structure and direction and 

several of the teachers reported that this more open approach not only further 

motivated learners, it allowed the teachers to assess the learners on a wider range of 

inquiry skills. Certainly in the first few inquiry activities teachers focused on aspects 

of planning or of data collection whereas in the more inquiry  style activities teachers 

felt more confident to also assess broad-reaching skills such as teamwork and 

communication.  

 

CONCLUSION 

Work so far on the SAILS project has indicated that teachers are willing to strengthen 

their commitments to IBSE through taking a formative assessment approach to 

inquiry.  The SAILS pilot teachers have demonstrated that they can assess as the 

inquiry learning is taking place and then use this assessment data to inform later 

stages in the IBSE learning. The formative approach to assessment of inquiry in 

science classrooms has encouraged teachers to allow students to do more IBSE type 

work than previously and to take a more open approach to inquiry and this has 

enabled the students to be more innovative in their inquiry approach. In turn, because 

the students are expressing a broader range of skills than the science teachers 

normally observe in general practical work, the teacher shave reported that they have 

been surprise and pleased by student’s inquiry capabilities and willingness to learn 

from making mistakes. 

Issues relating to public confidence in teacher assessment remained problematic and 

we hope to address that issue in the coming year through both looking at how science 

teachers in our partner countries across Europe work with these ideas and also by 

helping the SAILS pilot teachers in England address how they might build an 

assessment portfolio of their learners’ work in inquiry over the course of the school 

year.  

 

For more information on the SAILS project –  see www.sails-project.eu 

 

REFERENCES 

Abrahams, I., Sharpe, R. & Reiss, M.(2011)  Getting Practical: Improving practical 

work in science. Association for Science Education:Hatfield 

Abrahams, I. & Millar, R. (2008) Does practical work really work? A study of the 

Strand 11 Evaluation and assessment of student learning and development

1979



effectiveness of practical work as a teaching and learning method in school 

science. International Journal of Science Education, 30(14), 1945-1969 

European Commission. (2007). Science education now: A renewed pedagogy for the 

future of Europe. Brussels: European Commission. Retrieved from http: / / 

ec.europa.eu / research / science-society / document__library / pdf_06 / report-

rocard-on-science-education_en.pdf 

Kahn, P., and O’Rourke, K. (2005) ‘Understanding Enquiry-based learning’ in  

T. Barrett, I. Mac Labhrainn, H. Fallon, (eds). Handbook of Enquiry & Problem 

Based Learning. Available online at: http://www.nuigalway.ie/celt/pblbook 

Minner, D.D, et al. (2010) Inquiry-based science instruction   – what is it and does it 

matter? Results from a research synthesis years 1984 to 2002. Journal of 

Research in Science Teaching 47(4):474–96. 

Osborne, J.& Dillon, J.(2008) Science Education in Europe: Critical Reflections. 

London: Nuffield Foundation  

Ogborn , J., Kress, G., Martins, I. and McGillicuddy, K. (1996) Explaining Science in 

the classroom. Buckingham : OUP 

Lunetta, V. N. (1998). The school science laboratory: Historical perspectives and 

centers for contemporary teaching. In B. J. Fraser & K. G. Tobin (Eds.), 

International handbook of science education. Dordrecht: Kluwer 

Rocard, M.et al (2007) Science Education Now: A Renewed Pedagogy for the Future 

of Europe. Brussels: EC Directorate for Research (Science, Economy and 

Society). 

Wellcome Trust (2011) Perspectives on Education: Inquiry-based Learning . London: 

Wellcome 

Wenning C.J. (2007). Assessing inquiry skills as a component of scientific 

literacy. Journal of Physics Teacher Education Online, 4(2), 21-24. 

Wenning, C. J. (2005). Levels of inquiry: Hierarchies of pedagogical practices 

and inquiry processes. Journal of Physics Teacher Education Online, 

2(3), 3-11. 

Wilson, C., Taylor, J, Kowalski, S, Carlson, J. (2010). The Relative Effects 

and Equity of Inquiry-based and Commonplace Science Teaching on 

Students' Knowledge, Reasoning and Argumentation. Journal of 

Research in Science Teaching, 47(3), 276-301. 

Wood, D., Bruner, J. S., & Ross, G. (1976). The role of tutoring in problem 

solving. Journal of Child Psychology & Psychiatry & Allied Disciplines, 

17(2), 89–100. 

 

Strand 11 Evaluation and assessment of student learning and development

1980

http://www.nuigalway.ie/celt/pblbook


 

ANALYSIS OF STUDENT CONCEPT KNOWLEDGE IN 

KINEMATICS 

 

Andreas Lichtenberger, Andreas Vaterlaus
 
and Clemens Wagner 

ETH, Department of Physics, Zurich, Switzerland 

 

Abstract: We have developed a diagnostic test in kinematics to investigate the student 

concept knowledge at the high school level. The 56 multiple-choice test items are 

based on seven basic kinematics concepts we have identified. We perform an 

exploratory factor analysis on a data set collected from 56 students at two Swiss high 

schools addressing the following issues: What factors do the data reveal? What are the 

consequences of the factor analysis on the teaching of kinematics? How can this test 

be included in a kinematics course?  

We show that there are two basic mathematical concepts that are crucial for the 

understanding of kinematics: the concept of rate and the concept of vector (including 

the direction and the addition of vectors). Furthermore the investigation of items with 

different representations of motion (i.e. stroboscopic pictures, table of values and 

diagrams) reveals that the students use different concepts for the different 

representations. In particular, there seems to be no direct transfer between the 

picture/table representation and the diagram representation. 

Finally, we show how the test can be used as a diagnostic tool in a formative way 

providing useful feedback for the students and for the teacher. By means of a latent 

class analysis we identify four classes of students with different kinematics concepts 

profiles. Such a classification may be helpful for teachers in order to prepare adjusted 

learning material. 

 

Keywords: Kinematics, Concept Knowledge, Diagnostic Test, Exploratory Factor 

Analysis 

 

INTRODUCTION 

In the last two decades investigations in physics teaching at the high school and 

undergraduate level have shown that a majority of science students have difficulties to 

understand physics concepts (Hake, 1998; Halloun & Hestenes, 1985). Students often 

attend classes with solid initial misconceptions. Conventional physics instruction 

produces only little changes in their conceptual knowledge. The students may know 

how to use formulas and calculate certain numerical problems but they still fail to 

comprehend the physics concepts. The mentioned studies indicate that instruction can 

only be effective if it takes into account the student preconceptions. The proper 

concepts have to be learned but also the misconceptions have to be unlearned 

(Wagner & Vaterlaus, 2011). This requires the diagnosis of student concepts and 

misconceptions. 

We have designed a diagnostic test with the purpose of identifying the student 

concepts and misconceptions in kinematics at the high school level. The test is based 

on the following list of kinematics concepts: 
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 C1: Velocity as rate 

 C2: Velocity as vector in one dimension (i.e. direction of the velocity) 

 C3: Vector addition of velocities in two dimensions 

 C4: Displacement as area under the curve in a velocity-time-graph 

 C5: Acceleration as rate 

 C6: Acceleration as vector in one dimension (i.e. direction of the acceleration) 

 C7: Change in velocity as area under the curve in an acceleration-time-graph 

The list of concepts has been verified by experts and is in good agreement with the 

concepts identified in other studies (e.g. Hestenes, Wells & Swackhamer, 1992). 

The development of a new kinematics test has been necessary, since so far there exists 

no test that allows measuring the student concept knowledge for each concept 

separately. The FCI (Hestenes, Wells & Swackhamer, 1992) and the MBT (Hestenes 

& Wells, 1992) are mainly used as tests to evaluate the overall dynamics concept 

knowledge. They actually both contain items that correspond to the concepts 

mentioned above. However, the number of these items is too small to analyze each 

concept separately. The Motion Conceptual Evaluation (Thornton & Sokoloff, 1998) 

and the Test of Understanding Graphs in Kinematics (Beichner, 1993) on the other 

hand are rather based on task-related objectives than on concepts. The items can 

therefore not clearly be linked to the concepts listed above. 

We have analyzed student responses to our kinematics test addressing the following 

questions: Is the test a valid instrument to determine student concept knowledge about 

kinematics? Do the students answer coherently referring to the suggested concepts? 

What are the consequences of the test results on teaching? 

In order to treat the first two issues we carry out an exploratory factor analysis similar 

to the factor analysis of the FCI data done by Scott and Schumayer (2012). Factor 

analysis is a standard technique in the statistical analysis of educational data sets and 

is described in detail in many pieces of literature (e.g. Merrifield, 1974, Bühner, 

2011). The goal of a factor analysis is to explain the correlations among the items in 

terms of only a few fundamental entities called factors or latent traits. A latent trait is 

interpreted as a characteristic property of the students and made visible while 

attempting to answer the items. The degree to which a student possesses a particular 

trait determines the likelihood to answer a particular item correctly. Thus the items are 

the manifested indicators of the latent factors. Scott and Schumayer (2012) point out 

that it is important to distinguish between "factors" and "concepts". In our context the 

concepts are constructs defined by experts while the factors represent the coherence of 

the student thinking. The interesting issue is whether the association of items seen by 

an expert agrees with the association of questions seen by students. 

Referring to the third issue we suggest how the test can be applied at school in a 

formative way. We show how by means of a latent class analysis different groups of 

students with a similar profile of concept knowledge can be found and how a 

characterization of these groups can help the teacher to prepare individual material for 

every group. 

The following section describes the methods including the test instrument, the 

collection of data and the exploratory factor analysis. Thereafter the results of the 

factor analysis are presented and interpreted. The last two sections are devoted to the 

application of the instrument at school and to a final discussion of the results. 
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METHODS 

Test Instrument 

The kinematics diagnostic test is designed for high school students at level K-10. The 

test items are based on the list of concepts presented in the previous section. To every 

concept there is also a set of corresponding misconceptions. The misconceptions have 

been verified by asking the students open questions and by analyzing their answers. 

Furthermore they have been confirmed by experts. 

The test consists of 56 multiple-choice items on kinematics, each item containing one 

right answer and three to four distractors. Every distractor has been chosen in a way 

that it can be assigned to a single misconception. This is different from the other 

kinematics tests mentioned before. Thus the test not only uncovers student concepts 

but also student misconceptions. The items can be furthermore divided into three 

levels of abstraction: 

 Level A: Items with images (e.g. stroboscopic pictures) 

 Level B: Items with tables of values 

 Level C: Items with diagrams 

For all levels of abstraction a representative test item is presented in the appendix. 

Prior to the explorative factor analysis we empirically verified the data set. In a first 

step we sorted out all items with a difficulty above 0.85 or below 0.15 because items 

with such high or low difficulties do not serve as good discriminators. As a second 

step we determined the internal consistency calculating Cronbach's alpha for each 

concept separately. We reviewed every item that did not contribute to the internal 

consistency with respect to its content. Items that were considered capable of being 

misunderstood or referring to multiple concepts were dropped. 

 

Table 1 

Distribution of the items. The stars mark items that refer to two concepts. Concepts 4 

and 7 are completely excluded from further analysis. 

Items Level A Level B Level C Total 

Concept 1  2  4  5 51  53 35  36  40  46*  47* 10 

Concept 2 6  7  28  42  46*  47* 6 

Concept 3 8  9  10   3 

[Concept 4]   [16  29  37  43] [4] 

Concept 5 11  12 54 38  39  48*  49* 7 

Concept 6 13  14  44  48*  49* 5 

[Concept 7]   [18  45] [2] 

Total 12 3 12 27 

 

Through the whole verification process the data set was finally reduced from 56 to 27 

items. The Table 1 shows the distribution of the remaining test items according to the 

concepts and levels of abstractions. The numbers indicate the item numbers in the 
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test. The stars mark items that refer to two concepts. As the Cronbach's alpha 

coefficients for the concepts 4 and 7 are below 0.30 these concepts are excluded from 

further analysis. The Cronbach's alphas for the other concepts are between 0.60 and 

0.80, the mean inter-item-correlations are between 0.21 and 0.41. 

 

Collection of data 

We collected the data from 56 students from classes of two teachers at two Swiss high 

schools in autumn 2012. The average age of the participants was 16 years with a 

standard deviation of 1 year and a range from 14 to 18 years. 30 participants were 

female, 26 were male. About half of the students were majoring in economics, the 

others in science and languages. Independent of their major subject all of the students 

attended a similar basic kinematics course over about six weeks. The test was 

presented online at the end of the instruction. The order of items was the same for all 

students. They were required to complete the survey and no item could be skipped. 

The time to answer the items as well as the time to complete the test was recorded 

individually. The average overall time for completing the 56 items was (46 ± 8) min. 

 

Exploratory Factor Analysis 

For the analysis we used the program SPSS (2010). The first step of an exploratory 

factor analysis is the construction of the correlation matrix between the set of items 

that are investigated. We used the standard Pearson correlation function to calculate 

the matrix. As a next step we chose the maximum-likelihood method for the reduction 

of the correlation matrix. It is one of the standard methods and usually provides 

similar results to the principal axis analysis. Moreover this method is mostly used also 

in confirmatory factor analysis (Bühner, 2011). Before reducing the matrix, we 

determined the optimal number of factors. This may be achieved in several ways. We 

used the scree plot technique (Cattell, 1966), where the eigenvalues of the correlation 

matrix are plotted in decreasing order. Scanning the graph from left to right one can 

look for a knee. Then all the factors on the left of the knee are counted, while those 

factors, which fall in the "scree" of the graph, are discarded (Bortz, 1999). An 

example is given in Figure 1. The graph illustrates the eigenvalue of each successive 

factor in the explanation of the data set. The full lines are guides to the eye. The 

graphic suggests a three-factor model. Of course this method is somehow subjective, 

as the "knee" is not defined accurately. Therefore it is important to prove if the 

number of factors can be derived also from a theoretical model (Bühner, 2011). 

The last step in factor analysis was to perform a rotation of the factor axes to see if 

there was another set of eigenvectors, which is more amenable to interpretation. There 

are two possibilities in rotating the axes. If we can assume that the factors are 

uncorrelated, we require the resulting eigenvectors to be orthogonal. Alternatively, if 

we do not know if the factors are correlated we allow the rotation to produce a set of 

non-orthogonal eigenvectors. The latter option provides us with information about the 

relationship between the factors. We used this option choosing the prevalent Promax-

method. 

In order to carry out an exploratory factor analysis it is a standard rule of thumb to use 

at least 10 times as many respondents as there are items in the test (Everitt, 1975). As 

our sample size (N = 56) is relatively small concerning the number of items (n = 27) 
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we decided to make the analysis step by step. We first conducted the analysis for the 

data of different abstraction levels A, B and C separately. Moreover we left out the 

items 46-49 which refer to two concepts. This way the number of items was reduced 

to 12, 3 and 8 for level A, B and C, respectively. Afterwards we checked if the results 

for the different levels were compatible. In order to check if the set of items was 

applicable to an exploratory factor analysis we calculated the Kaiser-Meyer-Olkin-

coefficients (Cureton & D’Agostino, 1983). The standard rule is that the KMO-

coefficient should be at least above 0.60, for good results yet above 0.80. Our values 

ranged from 0.65 to 0.77. 

 

 

Figure 1. Scree Plot. The eigenvalues of the Pearson correlation matrix are depicted 

in decreasing order. The knee is between the factors three and four. This suggests a 

three-factor model. 

 

RESULTS AND INTERPRETATION 

Level A items 

For the level A items the scree plot (see Fig. 1) suggests that three factors determine 

student responses. These three factors account for 47 % of the variance in the data. 

The data analysis shows that all items (except item 12) can be clearly assigned to one 

of the underlying factors. The loadings of these items onto the factors are between .33 

and 1.00. We note that the items 2, 4, 5 and 11, which are grouped into factor 1, refer 

to the rate concepts C1 and C5. Furthermore, the items 6, 7, 13, 14, which are grouped 

into factor 2 refer to the vector concepts C2 and C6. Finally the items 8, 9, and 10 

corresponding to concept C3 load on a separate factor 3. The correlation coefficients 

between the factors are in the present non-orthogonal three-factor model 0.19 

(between factors 1 and 2), 0.31 (between 1 and 3) and 0.38 (between 2 and 3). 

The factor structure shows that there is a tendency for a student to give a correct 

answer to one of the "rate items" (2, 4, 5, 11) given that this student has answered 

another rate item correctly. The same holds for the "vector items" (6, 7, 13, 14) and 

for the "vector addition items" (8, 9, 10). We may draw the conclusion that the 

association of items seen by the students is in accordance with the association of 

questions seen by experts. Moreover the actual contents velocity and acceleration 
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seem to play only a limited role. Much more relevant for answering the items 

correctly is the understanding of the mathematical concepts of rate and vector 

(including direction and addition). It is therefore tempting to interpret the underlying 

factors as "rate concept", "direction concept" and "vector addition concept". The three 

factors are only marginally correlated meaning that we have three almost independent 

factors. The fact that the correlation is the strongest between the factors 2 and 3 is in 

line with our interpretation. These factors both refer to a vector concept whereas 

factor 1 refers to a rate concept. 

 

Level B items 

Level B (tables of values) only contains three items. A factor analysis indicates that a 

single factor may be taken as underlying student responses. The factor explains 50 % 

of the variation in the data. The loadings of the items 51, 53 and 54 on the factor are 

0.85, 0.69 and 0.56. We note that all the items have high loadings on the factor. 

However, the loading of item 54 is the lowest. The items 51, 53 and 54 are related to 

the rate concepts C1 and C5 (see Tab. 1). 

Again there seems to be an underlying "rate concept" which can explain a notable part 

of the correlation of the items 51, 53, 54. The fact that item 54 has a lower loading 

may be due to its different content. While the items 51 and 53 are about velocity, item 

54 polls student understanding of acceleration. 

 

Level C items 

Considering the scree-plot, we used a two-factor model for the data from the level C 

items. The two factors account for 47 % of the variance in the data. All items can be 

clearly assigned to one of the underlying factors. The factor loadings range from 0.29 

to 0.96. The correlation coefficient between the factors is 0.301. 

We find again that the items corresponding to the rate concepts C1 and C5 group into 

one factor whereas the items linked to the direction concepts C2 and C6 group into 

another one. As for solving the items with stroboscopic pictures (level A) also for 

solving the diagram items (level C) there seem to be two underlying factors that may 

be interpreted as a “rate concept” on one side and a “direction concept” on the other 

side. Of course it is not clear if the factors found in the two different levels A and C 

are actually the same. But again the understanding of the two basic mathematical 

concepts of rate and direction seems to be crucial for the interpretation of diagrams in 

kinematics. The correlation coefficient between the factors is again small indicating 

that the two factors are mostly independent of each other. 

 

Overall result 

The interesting issue is whether the "rate factors” and the “direction factors” found at 

different abstraction levels are correlated: Are these two factors universal for solving 

problems in kinematics? In order to investigate this issue we carried out a factor 

analysis including all items, which loaded on these two factors at levels A, B and C. 

The result of this analysis is shown in Table 2. Four factors were detected explaining 

50.0 % of the total variance in the data set. It is common practice to accept loadings 
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above 0.3 as indicating a relevant correlation between a particular item and the 

underlying factor (Kline, 1994). Therefore and for better clarity, absolute values 

below 0.3 are either hidden or put in brackets, if they are important for interpretation.  

The first factor groups together the items from level A and B corresponding to the rate 

concepts C1 and C5. With exception of item 12, which also loads on factor 3, the 

loadings are all between 0.59 and .99 meaning that these items have a high correlation 

with the underlying factor. The second factor mainly groups the items from level A 

and B, which refer to the direction concepts C2 and C5. However, item 7 loads on all 

the factors and cannot be assigned clearly to one factor. The factors 3 and 4 group the 

items of level C. Again there is a tendency that the items corresponding to the rate 

concepts contribute to one factor whereas the items referring to the direction concepts 

load on the other factor. The highest factor correlation is between the factors 2 and 3 

with a value of 0.42. The other correlations are below 0.3. 

 

Table 2 

Factor loadings for all factor 1 and factor 2 items of the levels A-C. 

Level Item Factor Corresponding Concept 

  1 2 3 4  

A 2 .78     

A 4 .68    C1: Velocity as rate 

A 5 .99     

A 11 .60    
C5: Acceleration as rate 

A 12 [.27] [-.27] .35 [-.21] 

B 51 .70    
C1: Velocity as rate 

B 53 .71    

B 54 .59    C5: Acceleration as rate 

A 6  .37   C2: Velocity as vector 

A 7 [.08] [.18] .35 .33  

A 13  .69   C6: Acceleration as vector 

A 14  .69    

C 35 [.15] .40 [.24] [-.16]  

C 36  .67 .37  C1: Velocity as rate 

C 40 [.13] [-.03] [.28] [.13]  

C 38   .72  
C5: Acceleration as rate 

C 39   .92  

C 28    .30 
C2: Velocity as vector 

C 42    .98 

C 44    .47 C6: Acceleration as vector 
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The main observation is that we have different factors for level A/B and level C items. 

Obviously, from the students point of view the interpretation of diagrams differs from 

the interpretation of stroboscopic pictures and tables. There is no direct transfer 

between these two representations of motion. Therefore instead of having two 

universal rate and direction factors we have to distinguish between the levels of 

abstraction or, in other words, between the different representations. Overall there 

seem to be five different underlying factors that are determining the correct answering 

of the items. We suggest interpreting the factors as follows: 

 Factor 1: “Rate concept” for representations with images and tables 

 Factor 2: “Direction concept” for representations with images and tables 

 Factor 3: “Rate concept” for representations with diagrams 

 Factor 4: “Direction concept” for representations with diagrams 

 Factor 5: “Vector addition concept” for representations with images 

There are some details in the results that need to be discussed. First item 12 does not 

mainly load on factor 1. There is no indication that the item differs from the other 

factor 1 items as regards form and content. A possible reason is the high difficulty of 

.80. As discussed before high difficulties usually lead to smaller correlations, in 

particular when the sample size is rather small. Also item 7 does not fit well into our 

suggested 5-factor-model. Obviously the integration of the level C items into the 

factor analysis slightly changes the factor axes such that the loading of item 7 on the 

factor 2 is lowered. There is no obvious reason why item 7 loads on the factors linked 

to the diagrams. We have to recall that the sample is actually to small for the number 

of items included in the present factor analysis such that the values have to be 

interpreted with caution. Finally on level C we have the items 35 and 36, which do not 

only load on the rate factor anymore but also on the direction factor. This fact is 

actually due to item 40. After removing that item from the analysis we discovered an 

increase of the loadings of items 35 and 36 on the rate factor. This shows again that 

the factor analysis is very sensitive to small changes when the number of items is big 

compared to the sample size. The loadings of the items 35, 36 and 40 on both the 

factors 2 and 3 are also the cause for the noted correlation between the factors 2 and 3. 

There is no obvious reason for this correlation from a theoretical point of view. 

At last we investigated how the items 46 – 49, which can be linked to both the rate 

concept and the direction concept, fit into our 5-factor-model. All of these items 

contain a given kinematics graph (e.g a velocity-time diagram). The student then has 

to select another corresponding diagram (e.g. a position-time diagram). We integrated 

the items one by one to check which factor they load on while the factor axes are not 

changed too much. We found that all these items load on both the factors 3 and 4 with 

values above 0.3. This is an important finding as it shows that also the answering to 

items that are referring to more than one concept can be explained within our 5-factor-

model. There is no indication that new factors emerge for more complex problems. 

 

APPLICATION 

We suggest integrating the present test in the basic kinematics course in a formative 

way. The test provides a detailed feedback for the students as well as for the teacher. 

For every student, two diagrams can be prepared, one illustrating the percentages of 

items solved correctly for each of the seven concepts and the other showing which 

misconceptions are still present. The teacher gets feedback about the overall 
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performance of the class. Furthermore by means of a latent class analysis (LCA) the 

teacher can find groups of students with similar concept profiles (Collins & Lanza, 

2010). This allows the teacher to prepare customized materials for the groups such 

that the students can work on their individual deficits having the chance to catch up. 

For better illustration we performed a LCA with help of the program MPlus (2011). 

We included the data of the 27 items shown in Table 1. In order to determine the 

optimal number of classes we used a technique similar to the one used for the factors. 

Instead of plotting the eigenvalues, we plotted the loglikelihood against the number of 

classes. By locating the knee in the graph we found four different classes that can be 

assigned to four groups of students. The characteristics of the four groups are shown 

in Figure 2. The mean score is defined as the group average of the fraction of 

correctly solved items corresponding to the particular concept. Even if we did not 

include the items referring to the concepts C4 and C7 in the LCA, we plotted the 

mean scores for completeness. The four groups can be characterized as follows: 

 Class 1: “All-rounders”. These students understand all concepts sufficiently. 

 Class 2: “1D-students”. These students solve problems in one dimension often 

correctly, but they fail at the two-dimensional addition of velocity vectors. 

 Class 3: “Non-Vectorians”. These students seem to have a good understanding 

of the rate concepts but they have difficulties with the vector concepts 

(direction and addition). 

 Class 4: “Conceptless”. These students are not able to apply a concept in 

different situations properly. 
 

 
Figure 2. Characteristics of the classes found with LCA. 

 

We suggest that the diagnostic test is followed by a reflective lesson where the 

students are given time to work on their deficits. The classification simplifies the 

preparation of individualized learning material. The teacher directly has an overview 

of the characteristic groups of students and he can provide adjusted learning material. 

For example, the teacher can prepare material about the addition of vectors for all 

students who belong to class 2. 

Of course, these groups are only exemplary. Further studies are needed to investigate 

if these characteristics are typically found in kinematics classes at Swiss high schools. 
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DISCUSSION 

We have found that there are two basic mathematical concepts that are crucial for the 

understanding of kinematics: the concept of rate and the concept of vector (including 

direction and addition). The context and the content seem to play only a minor role. If 

a student understands the concept of rate he is able to answer correctly to questions 

about velocity and acceleration in different contexts. The same holds for the vector 

concept. This result has direct implications for the instruction. It suggests that in 

kinematics courses the focus should be first on the learning of the mathematical 

concepts. Transferring the mathematical concepts to physical contents and applying 

them in different contexts is suggested to be easier for students than learning physical 

concepts without a mathematical fundament. These findings are somewhat in line 

with the results of Christensen and Thompson (2012) who investigated the graphical 

representations of slope and derivative among third-semester students. In the 

conclusion they stated, that “some of their demonstrated difficulties [in physics] seem 

to have origins in the understanding of the math concepts themselves”. Moreover also 

Bassok and Holyoak (1989) found similar results analyzing the interdomain transfer 

between isomorphic topics in physics and algebra. Students who had learned 

arithmetic progressions were very likely to spontaneously recognize the application of 

the algebraic methods in kinematics. In contrast, students who had learned the physics 

topic first almost never exhibited any detectable transfer to the isomorphic algebra 

problems. Finally, it has to be mentioned, that even if the understanding of the 

mathematical concepts seems to be a requirement for understanding kinematics, it 

does not guarantee success (Planinic, Ivanjek and Sussac, 2013). 

Another interesting finding is that the expert associations of items corresponding to 

the concepts C4 and C7 could not be found in the student answers. These items 

involve the evaluation of areas under the curve. Obviously most of the student did not 

have proper area concepts. Instead of that, interviews showed that students often 

argued with a concept of average. For example when they were asked to interpret the 

velocity-time-diagram of an object regarding to its covered distance, they often did 

not consider the area under the curve but tried to estimate the mean velocity. From a 

mathematical point of view, finding the mean value is equivalent to determining the 

area under the curve and dividing by the interval size. Still, the interviews indicated 

that the use of an average concept is accompanied by different misconceptions than 

the use of the area concept. All in all the items corresponding to concept C7 were the 

most difficult of the test. This can be seen in Figure 2. These results are in line with 

the findings of Planinic, Ivanjek and Susac (2013). They also found that the slope 

concept (which we call the rate concept) could be easily transferred from 

mathematical to physical contexts. However, this is not the case for the area under the 

graph concept. The transfer of this concept from mathematics to physics was found to 

be much more difficult for the students. A possible reason could be “the fact that 

during the teaching of kinematics the interpretation of the slope is usually emphasized 

much more than the interpretation of the area under the graph”. 

As the kinematics test used in this study contains 27 items, a minimum number of 270 

students is needed to produce a reliable result by means of a factor analysis. As we do 

not meet this requirement (N = 56), the present results are preliminary. Still, the fact 

that the association of items given by the assignment to the concepts by experts could 

be clearly found in the student answers is very promising. Furthermore most of the 

results in this study confirm results from other studies. This gives rise to hope that the 

results will be corroborated in a following study with a bigger sample size. 
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APPENDIX 

Example 1: Item 14 (Level A, concept C6: acceleration as vector) 

A helicopter is approaching 

for a landing. It moves 

vertically downwards and 

reduces its velocity. 

Which of the following statements describes the acceleration of the helicopter best? 

1. The acceleration is zero. 

2. The acceleration points downwards. 

3. The acceleration points upwards. 

4. The direction of the acceleration is not defined 

5. The acceleration has no direction. 

 

Example 2: Item 51 (Level B, concept C1: velocity as rate) 

Two bodies are moving on a straight line. The positions of the bodies at successive 0.2-

second time intervals are represented in the table below. 

Time in s 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Body 1: Position in m 0.2 0.4 0.7 1.1 1.6 2.2 2.9 3.7 

Body 2: Position in m 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 

Do the bodies ever have the same speed? 

1. No. 

2. Yes, at the instants t = 0.2 s and t = 0.8 s. 

3. Yes, at the instants t = 0.2 s. 

4. Yes, at the instants t = 0.8 s. 

5. Yes, at some time between t = 0.4 s and t = 0.6 s. 

 

Example 3: Item 28 (Level C, concept C2: velocity as vector) 

The following represents a position-time graph (x-t-diagram) for an object. 
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Which of these describes the motion best? 

1. The object always moves forward. 

2. The object always moves backward. 

3. The object moves forward at first. Then it moves backward. 

4. The object moves down an inclined plane. 

	Which of the following statements describes the 
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Abstract: Fostering students’ experimental skills is widely regarded as a key 

objective of science education (e.g. KMK, 2005; NRC, 2012). Hence, 

assessment tools for measuring experimental skills are required. In most large-

scale assessments experimental skills are measured by paper and pencil tests. This 

is due to the efficiency of administering and scoring such tests. However, several 

studies show only low correlations between students’ achievements in paper and 

pencil tests and their achievements in hands-on experiments (e.g. Shavelson, Ruiz-

Primo, & Wiley, 1999; Stecher et al., 2000; Hammann et al., 2008; Emden, 2011; 

Schreiber, 2012). This calls the validity of the paper and pencil approach into 

question. On the other hand, testing ’hands-on‘ with real experiments is costly 

and time-consuming concerning logistics, data acquisition and data analysis, 

especially in large-scale-assessments. More manageable tools for measuring 

experimental skills in large-scale assessments seem to be computer-based 

experiments with interactive simulations (cf. Schreiber, 2012). Our goal is a 

simulation-based test instrument that measures experimental skills validly and 

reliably. It should cover all the three phases of experimenting: preparation, 

performance and evaluation. Schreiber (2012) found that comprehensive 

experimental tasks posed in an open format cause a high dropout rate during the 

test. We thus develop consecutive tasks that divide the complex experimental 

demands into a sequence of smaller items. Each item operationalizes a specific 

experimental skill. To avoid follow-up errors, each item contains a sample 

solution of the preceding item. In order to secure test quality, extensive validation 

studies are carried out. 

 
Keywords: large-scale assessment, computer-based testing, assessment of 

competence, performance assessment, scientific experimentation 

 
 
THEORETICAL FRAMEWORK 

Science education standards emphasize the importance of experimental skills for 

scientific literacy (e.g., KMK, 2005; NRC, 2012). Students’ abilities to plan and 

carry out experimental investigations are included in evaluations of national 

standards as well as in international student assessments (OECD, 2007). Theories 

of the experimental process typically distinguish between three phases of 

experimenting: preparation (e.g. planning experimental procedures), performance 

(e.g. setting up the apparatus) and evaluation (e.g. interpreting results) (cf. Emden, 

2011). A test instrument measuring experimental skills should cover all the 

three phases. 
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Testing experimental skills has to address several problems, especially in large-

scale assessments. A process-based assessment, analyzing students’ actions during 

hands-on experiments, is resource-consuming. Supplying standardized apparatus 

for hands-on tests poses problems of logistics. Paper and pencil tests can hardly 

cover experimental skills of the performance phase. Thus, paper-pencil tests are 

often narrowed to the preparation of experiments and the evaluation of data (e.g., 

Glug, 2009). 

Previous studies on the exchangeability of test formats for experimental skills show 

only low correlations between students’ achievements in paper and pencil tests and 

their achievements in hands-on experiments (e.g., Shavelson, Ruiz-Primo, & 

Wiley, 1999; Stecher et al., 2000; Hammann et al., 2008; Emden, 2011; 

Schreiber, 2012). On the other hand, studies indicate that computer-simulations 

might be valid substitutes for hands-on experiments in tests (cf. Shavelson et al., 

1999; Schreiber, 2012). 

Schreiber (2012) found no significant difference between the distributions of 

achievement scores gained from computer-based testing with mouse-on 

experiments and hands-on testing, whereas the distributions differed significantly 

between a paper and pencil test and a hands-on test. Schreiber (2012) also found 

that broad experimental tasks posed in an open format cause a high dropout rate 

during the test. This leads to ground-effects and missing data. 
 
 

RATIONALE AND METHODS 

Aims of the study 

Our overall aim is to develop a test instrument that can reliably and validly 

measure experimental skills and that is suitable for large-scale assessments. We 

assume that the problems and restrictions discussed above can be reduced by 

computer-based testing. This approach allows us to comprise the performance 

phase of experimental investigations. In contrast to hands-on experiments, the 

logistics of computer-based testing is easier for large- scale studies. Students 

actions can be recorded automatically and evaluated on the basis of log files. In 

order to secure test quality, extensive validation studies are carried out. 

Test instrument 

The test instrument refers to typical experimental tasks in secondary school 

physics instruction. The target group are students at the end of lower secondary 

education (aged 14 to 16). The test instrument consists of several units. Each unit 

deals with a specific experimental task. The students have to perform a complete 

experimental investigation, i.e. plan the experiment, prepare the setup, perform 

the measurements, analyze experimental data and draw  conclusions.  To 

minimize  drop-out  caused  by  comprehensive  experimental  tasks (Schreiber, 

2012), each unit is split up into a sequence of items each referring to one 

experimental skill (e. g. plan the experiment or perform the measurements), 

Furthermore, each item starts with a sample solution of the preceding item. Thus, 

students’ experimental skills can be assessed across the full range of the phases of 

an experimental investigation. For instance, students who do not succeed in 

assembling an appropriate experimental set-up can still proceed with the 

measurement item, because it provides them with a functional set-up. The 
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intermediate solutions are presented by two fictitious students (“Alina and Bodo”) 

who are said to have worked on the same experimental task. 

Altogether, twelve units are being developed and tested. They cover content areas 

in electric circuits, mechanics and geometrical optics. 

Task development is based on the model shown in Figure 1. The model integrates 

previously developed models for experimental skills (cf. Schreiber et al., 2012; 

Nawrath, Maiseyenka & Schecker, 2011). The model describes eight experimental 

skills (light boxes in Fig. 1), grouped into the three phases of experimentation. As the 

test is intended to focus on the actual performance of an experimental investigation, 

we do not consider more general components of scientific knowledge generation 

like ‘develop questions’ and ‘phrase hypotheses’. 

A unit consists of six items (out of eight), with two items for each phase of 

experimentation. The two components of the performance phase are included in each 

unit. 

Figure 2 shows a sample item of the unit ‘Elongation of a rubber band’ from the 

content area mechanics. In this unit Alina and Bodo want to test the hypothesis: 

“The expansion of a rubber band is proportional to the attached weight.” The 

students have to choose the right material, describe the measuring procedure, 

assemble the setup etc. In the particular item shown in Figure 2 the students get 

a functional setup to perform their measurements and a properly prepared table to 

document the data. 

For the choice of suitable material (preparation phase), the assembling and 

testing of the experimental setup and the performance of the measurement 

(performance phase) simulations are provided that enable the students to interact 

with the material, to observe the effects and to measure data. In the simulation 

shown in Figure 2 students can for example attach pieces of mass to the rubber 

band, adjust the scale, and observe and measure the elongation of the rubber 

band. 

 

preparation performance evaluation 

describe basic idea 

prepare measurement report 

assemble and test an 
experimental setup 

perform and document 
measurements 

plan the evaluation of 
data 

process data 

draw conclusions 

specify procedure 

select from 
a given  
set of 

apparatus 

sketch the 
set-up 

describe 
the course 
of action 

Figure 1: Model of experimental tasks (grey: phases of experimentation; light: 

components) 
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Figure 2: Sample item ‘perform and document measurements’. Pressing the green 

button “Your task” will show the hypothesis which has to be tested. Explanations for 

technical terms can be found using the yellow button “Support”. 

 

Validation Studies 

The development of a new test instrument and a new test format has to be 

underpinned by extensive validation studies. Our validation studies include 

content analysis, an analysis of students’ individual solution strategies, the analysis 

of the relationship with external variables and the analysis of the internal test 

structure (Wilhelm & Kunina, 2009). Table 1 shows an overview of the research 

questions and the methods used for each validation aspect. 

In this paper we focus on the content and the cognitive aspects of validation. 
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Table 1 

Validation aspects, corresponding research questions and studies to answer the 

research questions 

Validation 

Aspects 
Research questions Studies 

Content 

 

Do the tasks represent experiments that students 

are likely to have seen or worked on? 
Analyses of syllabi 

and schoolbooks; 

expert ratings 
Are the tasks consistent with typical demands 

posed in classroom practices of experimenting? 

Individual 

strategies 

(cognitive 

processes) 

Do experimental considerations dominate in 

students’ thinking while working on the tasks? 
Think aloud 

(intro- and 

retrospective) 
Do the tasks offer adequate support to compensate 

for deficits in physics content knowledge? 

Is the cognitive load of mouse-on experimenting 

comparable to a hands-on test format? 

Comparative studies 

in the science 

education lab 

 

mouse-on vs. 

hands-on 
Relationship 

with external 

variables 

Is the mouse-on test performance a good predictor 

for performance in hands-on tests? 

Do experimental skills differ sufficiently from 

physics content knowledge and cognitive 

abilities? 
Large-scale 

(400 students per 

unit) Internal test 

structure 

Do the items form a reliable scale? 

Are the three phases of experimentation 

empirically separable in students’ performances? 

 

CONTENT ANALYSIS 

Methods 

Syllabi and schoolbooks were initially analyzed to identify physics content areas 

and experimental challenges that are in accordance with aims and practices of 

physics instruction (content validity). The analysis was done in two steps. In 

the first step, key terms were identified in an inductive process by going 

through curricula and schoolbooks. To ensure comparability across the syllabi of 

the 16 German federal states, similar terms were clustered in 35 ‘term groups’. 

The term group ‘electrical resistance’ for example includes the terms electrical 

resistance, specific resistance, I-U characteristics, Ohm’s law, and electrical 

conductivity. The quality of this method was verified for the content areas 

mechanics, optics, electricity, and thermodynamics. The inter-rater reliability 

(Cohen’s kappa) of assigning terms to term groups is at least satisfactory (.78 < 

κ < .95). In the second step, a criteria-based investigation of the 16 syllabi and of 

selected schoolbooks was carried out. The curricula and schoolbooks were 

searched for the term groups, differentiating between general occurrence and 

occurrence in (explicit) conjunction with an experimental action (preparation, 

performance, evaluation). In addition, the syllabi we were analyzed with regard to 

the grades in which a term group occurs and whether it is obligatory or optional 

content. In the schoolbooks all the experimental tasks referring to a term group were 

Strand 11 Evaluation and assessment of student learning and development

1997



identified. 

Based on these analyses 22 suggestions for typical experimental tasks were 

generated. 53 experts (experienced teachers) rated to which extent these tasks 

comply with typical demands posed in classroom practices of experimenting (four-

level Likert-scales). This was done by an online-survey. We e.g. asked the experts 

how likely students would have had appropriate learning opportunities, enabling 

them to solve the task. We also asked the experts how likely students could plan, 

perform or evaluate just this or a very similar experiment at the end of lower 

secondary education. 

Evaluating the online-survey, we ranked the experimental tasks for each content 

area separately. Our main criterion was that, according to the experts’ 

estimations, it is likely or very likely that the students can perform the experimental 

task. 

Results 

Our syllabus analysis confirmed the central role of experiments in physic teaching 

(cf. Tesch, 2005). The analysis yielded a high consistency of the obligatory 

content (measured by the occurrences of the term groups) to be dealt with during 

lower secondary physics instruction across the 16 federal states of Germany. 

Minor differences were found with regard to the grade in which the content is 

taught. Comparing the experiments presented in the schoolbooks we were able to 

identify a consistent set of widely used topics for student experiments. For 12 of the 

22 tasks our main criterion (M ≥ 3.0 on a scale from 1 to 4) was fulfilled. Especially 

in the domains electric circuits and optics our tasks comply with typical 

demands posed in classroom practices of experimenting. In mechanics the ratings 

of two out of four tasks were not satisfactory. We thus developed two more tasks 

for this domain. 

As the result of our content analysis we can build on a set of twelve experimental 

tasks with high content validity for the physics domains electric circuits, 

geometrical optics and mechanics. The tasks provide a solid basis for the 

investigation of further validation aspects, in particular cognitive validity. We have 

designed twelve complete units around these tasks (together with the interactive 

simulations). 

 

COGNITIVE VALIDATION 

Methods 

For the aspect of cognitive validation we focus on the students’ cognitive 

processes while working on the units. They key issue is whether experimental 

considerations dominate in students’ thinking while they try to solve the items: 

Are their actions driven by reflections on the experiment to be conducted or by other 

aspects, like operating the simulation software? To answer this research question, 

four out of twelve units from the three content areas are analyzed with think-

aloud techniques (intro- and retrospective). About 40 students worked on each unit. 

The verbalizations of the students are rated in a deductive mode of qualitative 

content analysis. We use indicators to distinguish between students’ considerations 

that are related to the process of experimentation (e.g. safety issues, 
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measurement accuracy etc.) and considerations that are based on non-

experimental arguments (e.g. plausibility considerations). Table 2 shows examples 

for the item assemble and test the experimental setup of the unit ‘elongation of a 

rubber band’. 
 
Table2 

Examples of experimental and non-experimental considerations in the unit 
‘Elongation of a rubber band’ 

 

Experimental considerations Non-experimental considerations 

“In order to measure accurately, 

the ruler has to be very close to the 

rubber band.” 

“For assembling the setup I am 

looking at which parts match 

together” 

“Ah, the elongation changes more 

than the weight I attach. This can’t 

be proportional.” 

“The last device doesn’t fit in 

anywhere. The setup should be 

working now.” 

 

The inter-rater reliability (Cohen’s kappa) of differentiating between experimental 

and non- experimental considerations is at least satisfactory for the item assemble 

and test the experimental setup (assembling experimental setup: 88 % agreement (κ 

= .714); test experimental setup: 100 % agreement). The analysis of further units 

and items is in progress. 

Results 

The analysis of the cognitive processes for the item assemble and test the 

experimental setup of the rubber band unit shows that most students dominantly 

express experimental considerations (see figure 3) while working on this item. 

Further analyses will show whether this result can be confirmed for other items and 

units. 

 

Figure 3: Percentage of students with experimental and non-experimental 

considerations for the item assemble and test experimental setup 

 

 

58% 

42% 

assemble experimental setup 

experimental non-experimental 

78% 

22% 

test experimental setup 

experimental non-experimental 
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SUMMARY AND OUTLOOK 

In our project the development of the test instrument and validation studies are 

closely intertwined. Content analysis and expert panels have led to a set of 

experimental tasks that are adequate challenges for secondary students. Around 

these tasks, twelve test units with items for specific experimental skills have been 

developed. The units are realized in an online test environment with embedded 

simulations (mouse-on test). First empirical studies indicate that the test is 

cognitively valid. 

Besides further analyses of cognitive validity – with consequences for test 

improvement – we will, as a next step, put a focus on studies of convergent 

validity. Paper and pencil tests with hands-on experiments serve as benchmarks. 

Structural validity will be researched on the basis of a large-scale data sampling in 

2014. 
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THE NOTION OF AUTHENTICITY ACCORDING TO 

PISA: AN EMPIRICAL ANALYSIS  
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Abstract: The notion of authenticity in the sense ensuring “relevance to students’ 

interests and lives” (OECD, 2007, p. 36) is essential to PISA’s understanding of 

scientific literacy and its assessment. The same holds true for many classroom 

interventions and projects in the large framework of context-based science education 

(CBSE; Bennett, Lubben & Hogarth, 2007).  If there is no doubt about the factual 

authenticity of PISA items (i.e. the existence of real-life links), the assumption that 

they are relevant to pupils and perceived by them as authentic is more arguable. In 

view of the large role this perception is supposed to have both for motivation and 

cognitive activation of learners, it seems necessary to inquire about pupils’ perception 

of the authenticity of the PISA units. 

This contribution reports about a study of this kind, complementing the question of 

authenticity with other motivational variables important in PISA’s framework 

(science related interests and self-beliefs). Teachers’ perceptions were studied as well, 

and compared to those of pupils, as possible differences of these perceptions are 

important for classroom practice. 

The motivational variables in question were studied on the basis well-established 

instruments, and within a sample of 150 pupils of secondary level I (14-15 years) and 

20 physics teaching experts (mostly physics teachers). Several (such as gender and 

general educational level) were taken into account, and results analyzed with 

ANOVA. Results show that pupils perceived authenticity and interest as low, contrary 

to the basic assumption of PISA, and that there is a large gap (often by factors > 1½ 

on the used questionnaire) to the perceptions by teachers. Some possible influences 

(items subjects, subject covariates) will be discussed, as well as some implications of 

these findings for both practice and research. 

Keywords: authenticity, context-based science education, motivation, PISA science 

units, pupils, survey.  

 

INTRODUCTION 

On a three years regular basis, the PISA surveys, launched by OECD in 2000, aim to 

monitor the outcomes of education systems in terms of 15-years-old pupils’ 

achievements. The PISA project is to implement educational goals in order to prepare 

the young generation to a responsible citizen adult life. With this purpose, the 

designers of PISA consider that their specific concept of literacy, namely “the 

capacity of students to extrapolate from what they have learned and to apply their 
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knowledge in novel settings » (OECD, 2007, p. 3) is relevant not only for the basics 

competences of reading and math, but also for a scientific literacy which is a necessity 

in our scientific and technological society. This notion of scientific literacy is defined 

as:  

An individual’s scientific knowledge and use of that knowledge to identify 

questions, to acquire new knowledge, to explain scientific phenomena, and to 

draw evidence based conclusions about science-related issues, understanding of 

the characteristic features of science as a form of human knowledge and enquiry, 

awareness of how science and technology shape our material, intellectual, and 

cultural environments, and willingness to engage in science-related issues, and 

with the ideas of science, as a reflective citizen (OECD, 2006, p. 8).  

Scientific literacy should also contribute to develop and strengthen interest for science 

and technology, in particular to counteract the widespread disaffection towards these 

areas, a current problem in the western countries (Rocard et al., 2007). As this 

problem is particularly pronounced for the physical sciences (Bøe, Henriksen, Lyons, 

& Schreiner, 2011; Murphy & Whitelegg, 2006; Jenkins, 2006; Zwick & Renn, 

2000), we focus on this domain in the following. 

PISA’s choice of units to evaluate the scientific knowledge of 15 year-old pupils had 

to take account of the fact that the scientific curricula can be very different according 

to countries, as well as regards the different school’s disciplines (integrated science, 

biology, physics, chemistry, geology, astronomy, etc.) and topics covered (for 

instance electricity, optics or motion in physical sciences). Furthermore, PISA wants 

to focalize less on the scientific knowledge of pupils than on their competences to 

understand and solve scientific problems. With this background, PISA opted for 

questions chosen in areas of application of science such as Health, Environment, or 

Technology, which give rise to debates in the society and/or are in connection with 

recent technological progress the consequences of which for society have to be 

discussed. 

A central issue for PISA is that these questions are authentic and motivating for young 

people and it is this point of view that we analyze in this article, based on empirical 

data of a survey with secondary level I pupils and teachers in Geneva. The 

contribution is thus an extension of our preceding studies aimed to better understand 

and qualify what PISA actually evaluates: a first paper on the comparison between the 

PISA science units and the science curriculums of French speaking Switzerland 

(Weiss, 2010) and a second one where the compatibility between the Inquiry Based 

Learning (IBL) and the science PISA survey was discussed (Weiss, submitted).  

The paper is organized as follows: after giving a short theoretical background about 

the notion of authenticity, we describe the PISA choices for its units and items to be 

authentic. We then proceed with a description of the three released PISA units chosen 

for our survey, of the sample, and the instruments of the study. Results from the 

pupils’ and teachers’ sample about their perception of these PISA units will be 

discussed and compared, with each other, and with another study on authentic 
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learning (Kuhn, 2010). Finally, several conclusions about classroom implications and 

future research will be discussed. 

 

THE NOTION OF AUTHENTICITY  

A quite widespread, basic understanding of authentic learning (starting with the word 

origin: gr. authentikós „true “; lat. authenticus „reliable“) is that it should be related to 

actual, real(istic), genuine contexts and experiences learners are supposed to 

encounter. This point of view is also strongly advocated by PISA (OECD, 2006, 

2007), as underlined e.g. by the in-depth analysis of Fensham (2009): “real world 

contexts have [...] been a central feature of the OECD’s PISA project for the 

assessment of scientific literacy among young people“. Moreover, this is also the 

basic understanding of the variety of approaches addressed as „context based science 

education” (CBSE; Bennett, et al, 2007). 

PISA states two important points about the understanding of “authentic contexts” 

(OECD, 2006): First, such problems, to be encountered in real-world settings 

(“factual authenticity”), are usually not stated in the disciplinary terms to be learned 

or applied. Thus, a work of „translation“ with terminological and conceptual 

reframing has to be carried out, representing a first step of cognitive activation. 

Second, the disciplinary content involved is „genuinely directed to solving the 

problem“, i.e. learners can perceive that there is a real-world problem for the solution 

of which some content of science or math is necessary (“problem authenticity”), 

instead of the problem being just an invented, artificial occasion to practice this 

content. Moreover, the combination of these two features of authenticity is also 

supposed to be closely linked to the science related self-concept, as it should be 

supported by the experience of actually being able to solve real-world problems using 

the knowledge and competences one has acquired (OECD, 2006; Hattie, 2009). 

Summing up, “conceptual translation” and “genuine content-problem link” in this 

sense can justly be considered as important components of scientific literacy, as PISA 

does.  

Moreover, beyond cognitive features, authentic contexts are supposed to foster 

attitudinal and affective aspects, in particular interest in science. Fensham (2009) 

states “Real world contexts from the students’ lives outside of school have the 

potential to generate personal intrinsic interest, and their social or global significance 

can add to this potential an extrinsic quality to this interest.” CBSE in general 

(Bennett, et al, 2007), makes the same claim about the potential of linking science 

education to pupil’s life. A quite comprehensive conceptualization was given by 

Shaffer and Resnick (1999). They distinguish the following 4 aspects:  

1. learning “related to the real-world outside school”: “factual authenticity”,  

2. learning “personally meaningful to the learner” : “personal authenticity”  
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3. learning providing “an opportunity to think in the modes of a particular 

discipline”: “cognitive authenticity”, which can be understood as genuine usage of 

disciplinary content to solve a real-life question, i.e. the “problem authenticity” 

already mentioned, or as entering or participating in the “community of practice” 

of the certain discipline)  

4. assessment in line with the learning process: “assessment authenticity”.  

There is a considerable body of international literature on this subject, which is 

beyond the scope of this contribution; this conceptual framework is nevertheless 

useful to understand PISA conceptualization.  

 

RATIONALE AND RESEARCH QUESTIONS 

Actually PISA designers have taken in account the question of authenticity in 

elaborating the items: PISA units were aligned with five broad areas of “personal, 

social and global settings” in the real life (OECD, 2006), with essential applications 

of science such as health, environment or hazard (see OECD, 2007, p. 36) and not 

with the more traditional division of the science disciplines as taught in school 

(biology, chemistry, physics). As consequence, the PISA units are not limited to a 

single specific discipline or topic as in a traditional school assessment, the items of a 

given unit rather appeal to concepts connected to different sciences; moreover many 

items do not need even specific science knowledge because the information is given 

in the unit basis text, they require a scientific way of thinking, or sometimes a good 

reading capacity. Thus, PISA units are not school exercises aiming at rote learning or 

drill & practice, but try to address pupil’s (scientific) thinking.  

For PISA, this “degree of authenticity” is essential both on the motivational and 

cognitive level. But as the issue is about motivation and cognition of learners, it is 

their perception of authenticity which is the essential variable, and not that of 

researchers. The questions this contribution is dealing with are thus: Do pupils 

consider PISA science units linked to real life (reality connection, authenticity; RA)? 

Do pupils feel the answers to PISA science units interesting form a personal point of 

view (intrinsic interest; IE)? And do they consider themselves as performing well in 

science when they know the answers to these units (self-concept)? And do lower 

secondary teachers feel the same perception of authenticity and interest of the PISA 

units? In the following, we deal with the PISA units related to physical science topics, 

where pupils’ interest is notoriously hard to achieve (see e.g. Zwick & Renn, 2000). 
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MATERIALS AND METHODS  

Sample and Procedure 

For an empirical answer to the above questions, we have analyzed three publicly 

available PISA units related to the physical sciences (OECD, 2007): Sunscreens, 

Greenhouse and Clothes. 

Pupils’ sample 

Perception of these units by pupils was tested within a sample of fourteen 8th and 9th 

grade classes in lower secondary school in Geneva in June 2011. The collected data 

concern: 151 pupils (70 girls and 76 boys, 5 gender not mentioned) from ten 9th grade 

classes (118 pupils) and four 8th grade classes (33 pupils)
1
, distributed in ten high 

educational level classes (A level, 129 pupils) and four lower achieving level classes 

(B level, 22 pupils). These classes belong to four lower secondary schools and are 

taught by six physics teachers.  

Teacher sample 

A panel of 20 persons involved in secondary school and/or in teachers’ pre-service 

training was investigated about the same questions as pupils (see below). These 

persons were two university teachers, six teachers’ trainers, who teach themselves in 

the secondary school and twelve young teachers at the end of their pre-service (having 

already their own classes). Further we refer to them as teachers. 

Instruments  

Motivational variables were assessed with an instrument well established in the 

literature on science motivation (adapted from Hoffmann et al., 1997; total 

Cronbach’s αC=.93) with the following subscales: Intrinsic interest (IE: αC=0.89), 

reality connection/authenticity (RA: αC=0.95) and self-efficacy /self-concept (SC: 

αC=0.89); for details see Kuhn (2010). The instrument was translated in French and 

adapted to the particular situation of a survey without an actual teaching with the 

PISA units. Pupils had to evaluate the authenticity and the interest of three PISA units 

by reading them without having to answer to the items (nevertheless some pupils did 

it). The questions were about the connection of the PISA units to the out of school 

life, the utility of solving them for our society, the pupil’s desire to learn more and to 

speak with friends about the question, the pupil’s perception that he or she would be 

effective in learning physics through these questions. In this questionnaire, RA and IE 

were assessed each through 7 items, SC through 10 items. 

A similar but shorter questionnaire was prepared for teachers, without SC questions. 

These teachers answered about five PISA units, the same three of the pupils and two 

more to verify if the results could be generalized to other PISA units.  

For the results given below, motivation test scores on each sub-dimension are given as 

percentage relative to the maximal possible value. 
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RESULTS 

Pupils’ perceptions 

Data show that pupils do perceive the PISA units as not realistic as RA<50% and 

even less interesting with IE≈40% (Figure 1. Pupils perceptions about three PISA units. 

RA measures reality connection/authenticity, IE the intrinsic interest and SC the self-

concept. Mot is the sum of the 3 dimensions). 

 

Figure 1. Pupils perceptions about three PISA units. RA measures reality 

connection/authenticity, IE the intrinsic interest and SC the self-concept. Mot is the 

sum of the 3 dimensions 
 

These findings depend little on the age and the general educational level. However the 

perceptions of the girls are considerable lower than those of the boys, both for RA 

(44% vs 53%) and IE (31% vs 47%). This result is coherent with the Swiss PISA 

report (Zahner, Rossier & Holzer, 2007), which shows that in Switzerland the science 

competences are higher among boys. It is well known that competences in a field are 

correlated first with self-concept and with interest in the field. 

Teachers’ perceptions 

The teachers’ perception of the motivational features of PISA items lies considerably 

above that of pupils as shown in Figure 2. Teachers perceptions about five PISA units (the 

three ones evaluated by pupils plus Grand Canyon and Acid rain). RA measures reality 

connection/authenticity, IE the intrinsic interest and Mot(2 dim) is the sum of the 2 

dimensions. 
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Figure 2. Teachers perceptions about five PISA units (the three ones evaluated by 

pupils plus Grand Canyon and Acid rain). RA measures reality 

connection/authenticity, IE the intrinsic interest and Mot(2 dim) is the sum of the 2 

dimensions. 
 

The differences between teachers and pupils perceptions about the PISA units are all 

statistically significant at the level p < 0.001 (apart for Clothes, where no significant 

differences were found) and the effect sizes are high as shown in Table 1 

 Effect sizes (Cohen d) of teachers and pupils perceptions differences. The significance level of 

all differences is p < .001. 

Table 1 

 Effect sizes (Cohen d) of teachers and pupils perceptions differences. The 

significance level of all differences is p < .001. 

 RA IE 

Sunscreens 1.24 1.72 

Greenhouse 1.47 1.87 

PISA (3 units) 1.15 1.43 

 

Looking more precisely to these findings, teachers as pupils consider Greenhouse as 

the more authentic, but are much more critical than pupils about Clothes, although the 

topic of this unit is nowadays an important field of investigation for helping 

handicapped people and one item of this unit is directly linked with the physics 

curriculum (note that teachers motivation for Clothes is less than 65% of the 

motivation for Greenhouse, although for pupils this proportion is 95%). The 

evaluation of the five units gives a score similar to the average of the three first, 

meaning that testing three units gives a good evaluation for the PISA units linked with 

physics. A further study will investigate about teachers’ assumptions on pupils’ 
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perceptions, to better understand if teachers are aware of this discrepancy between 

their perceptions and those of pupils. 

 

CONCLUSIONS AND IMPLICATIONS 

The perception of interest and authenticity (in the sense stated above) of the physical 

science items of PISA by pupils of secondary level I (the PISA target group) turns out 

to be generally low, lower than it ought to be expected, given the large role 

motivating and cognitively science problems are supposed to have within the PISA 

framework (OECD, 2006, 2007; Fensham, 2009), and the lot of care put into the 

development of its testing items. In particular, pupils perception of interest and 

authenticity is considerably lower than the perception of teachers (of the same items), 

and it is much lower than those which can be attained in actual CBSE teaching 

approaches (Kuhn, 2010).  

PISA’s concern of integrating learning and motivation issues is widely shared, and its 

findings on learning are an essential building block for the current knowledge on 

science education. However, the present study sheds some doubt on how well PISA 

actually succeeded in implementing its understanding of interest and authenticity into 

its assessment items. Researchers interested in CBSE, and in particular hypothesizing 

benefits of some form of authentic tasks and learning, thus should not work with their 

own perception of authenticity, even if widespread, but assess the actual perception of 

their target group. 

A similar statement is true for classroom practice: teachers should be aware of their 

tendency of overestimation of pupils interest and authenticity perceptions, and if they 

are – for good reasons – interested in developing or using some teaching approach 

based on authenticity, they should assess the actual perception of their pupils. This 

requires, of course, that they dispose of a “classroom-proof” (i.e. short and reliable) 

test to do so, and the present work offers (for the given understanding of authenticity) 

such an instrument. 
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Abstract: In this study we aimed to examine whether either peer or expert feedback 

led secondary school students to revise their science web-portfolios in any way. The 

study was implemented in the context of reciprocal online peer assessment of web-

portfolios in a secondary school science course. Reciprocal peer assessment requires a 

student to take on the roles of both assessor and assessee. The participants (28 seventh 

graders) anonymously assessed each other's science web-portfolios on designing a 

CO2-friendly house. Peer assessors and an expert assessor used the same pre-specified 

assessment criteria to provide peer and expert feedback, respectively. Peer assessees 

received feedback from two peers and the expert, and also had access to the feedback 

they had produced for another peer when acting as peer assessors themselves. All 

feedback produced focused on three different aspects of the web-portfolio, namely 

science content, students’ inquiry skills and the appearance/organization of the web-

portfolio. Peer assessees made revisions, including revisions that concerned the 

science content, as they saw fit after reviewing the feedback received. Screen capture 

and video data were analyzed qualitatively and quantitatively. The findings showed 

that our assessee groups appear to have employed decision-making strategies to 

screen and process peer and expert feedback, which involved triangulating peer and 

expert feedback and adopting the suggested changes that overlapped, or triangulating 

peer and expert feedback along with the feedback they produced themselves when 

acting as peer assessors, and adopting the suggested changes that overlapped all three 

types of feedback.  

Keywords: reciprocal peer assessment, peer feedback, expert feedback, web-

portfolios, secondary school science 

 

BACKGROUND AND FRAMEWORK 

Recent developments in the field of assessment stress the importance of formative 

approaches. The use of the formative assessment practices in a classroom could 

potentially enhance students’ learning achievements. According to Black and William 

(2009) five main types of activity comprise formative practices and one of this is 

peer-assessment. Therefore an interesting innovation in this direction is the active 

involvement of students when assessing a peer’s work (Van Gennip, Segers, & 

Tillema, 2010). In peer assessment students assess their fellow students’ performance 

by providing feedback, which could be quantitative and/or qualitative in nature 

(Topping, 1998). Studies covering several subject domains have documented a 

number of benefits that peer assessment could offer to a learner (Topping, 1998), but 

despite these benefits, several researchers have emphasized the fact that the enactment 

of peer assessment is a rather complex undertaking (Sluijsmans, 2002), since it 

requires students to use their assessment (Sluijsmans, 2002), cognitive and meta-

cognitive skills in order to review, clarify, and correct others’ work (Ballantyne, 
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Hughes, & Mylonas, 2002). Additionally few science education studies have focused 

on peer assessment (Crane & Winterbottom, 2008), especially at the primary (Harlen, 

2007) and secondary school levels (Tsivitanidou, Zacharias, & Hovardas, 2011). 

Consequently, we do not have a thorough picture of what primary and secondary 

school students can do in a peer assessment context, especially in terms of the 

heuristics that secondary school students use when revising their science web-

portfolios based on peer and expert feedback received. Such evidence is essential, 

since peer assessment is gaining grounds in participative inquiry-based science 

learning environments, especially computer-supported inquiry learning environments 

(e.g., de Jong et al., 2010; 2012).  

 

Rationale and Purpose 

In this study, secondary school students were involved in the two distinct phases of 

reciprocal peer assessment (the peer assessor phase and the peer assessee phase). Peer 

assessment in this study involved the use of pre-specified assessment criteria to rate 

science web-portfolios and asked participants for written comments justifying their 

ratings and suggesting possible changes for revision. Peer assessees were offered 

feedback not only from their peer assessors but also from an expert assessor. The idea 

was to investigate whether students tend to adopt changes suggested by an expert, 

such as a science teacher, rather than from their peers. Hence, the purpose of the study 

was to examine whether either peer or expert feedback led secondary school students 

to revise their science web-portfolios in any way and, in case they did, to examine if 

any behavioral patterns existed among peer assessees.  

 

METHOD 

Participants 

Participants were 28 seventh graders (14 year-olds), coming from two different 

classes (Nclass1 = 14 and Nclass2 = 14) of a public school (Gymnasium) in Nicosia, 

Cyprus. Participants in the study were guaranteed anonymity and that it would not 

contribute to students’ final grade. All students had prior experience with reciprocal 

peer assessment, since they had participated in reciprocal peer assessments of web-

portfolios whose content came from an environmental science context, similar to (but 

not the same as) the one involved in this study.  

 

Material  

Students studied web-based material that were developed for the purposes of the SCY 

(Science Created by You) project (de Jong et al, 2010) and concerned the construction 

of CO2-friendly houses, namely, houses made with specific modifications during the 

building and operation phases in order to produce lower CO2 emissions than 

conventional houses. This learning material required from students to create a number 

of learner artifacts (e.g., concept maps, tables, text) which were included in the 

students' web-portfolios. For the peer-assessment purposes students worked with 

‘Stochasmos’, which is a web-based learning platform that supports collaborative 

learning in an inquiry-based environment (Kyza, Michael, & Constantinou, 2007). We 

chose Stochasmos because the participants were already familiar with it and it had the 
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features (e.g., web-portfolio, synchronous communication through a chat tool) 

necessary for the purpose of this study.  

 

Procedure 

Each student group used a computer and the web-based platform to access the 

curriculum material, follow the activity sequence and complete the accompanying 

tasks. Each of these tasks corresponded to the development of a learner product which 

was included in the students’ web-portfolio. Each home group created nine artifacts.  

We chose a reciprocal peer assessment approach and employed an online and 

anonymous peer assessment format. Participants worked in groups of two (home 

group) while developing learner artifacts (see figure 1). However, they carried out the 

role of peer assessor on an individual basis.  

After all students completed all tasks, peer assessors could access the web-portfolio of 

the peer group they were to assess, which was randomly assigned to them. Each web-

portfolio (all the learner artifacts included in a science web-portfolio) was assessed by 

two peers from the same home group, who worked on different computers (see figure 

1). Each web-portfolio was also assessed by an expert.  

 

 
 

Figure 1. Peer and expert assessment procedure. Rhombuses represent learning 

products; folders stand for web-portfolios. Students start the mission in pairs and do 

all learning activities with their partner. During the peer review and assessment phase 

they work alone, while during the revision phase they work in the same pairs as 

before. The web-portfolios are assessed by two peers and an expert. The students in 

home groups “a” and “b” take on the roles of both peer assessor and peer assessee. 

 

Peer assessors and the expert used a rubric with pre-specified assessment criteria 

regarding the (a) science content of web-portfolio, (b) students’ inquiry skills and (c) 
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appearance and organization of web-portfolio. Assessors also rated student 

performance on all criteria according to a 3-point Likert scale (i.e., (1) unsatisfactory; 

(2) moderately satisfactory; (3) (fully) satisfactory). Along with ratings, assessors 

were instructed to provide written feedback (for each criterion separately) to assessee 

groups, in which they were to explain the reasoning behind their ratings, provide 

judgments and suggestions for revisions. On average, it took each peer assessor about 

an hour to complete the assessment. After all peer and expert feedback was submitted, 

the system sent it to the corresponding assessee group. They were then allowed time 

to review peer and expert feedback and make revisions, which in most cases did not 

take more than an hour.  

 

Data collection and analysis 

The data collection process involved screen captured and videotaped data. The data 

analysis involved both qualitative and quantitative methods. First, we isolated the 

episodes in which students enacted the assessee role and we coded students’ actions 

throughout the assessee phases by using open coding. Inter-rater reliability data were 

collected for this coding process (Cohen’s Kappa=0.90).  

Second, we took the resulting codes and displayed them in time-line graphs (plotting 

the time vs. the clusters of actions/practices), following the approach of Schoenfeld 

(1989). The x axis of the graph showed time and the y axis showed students' 

actions/responses when acting as either peer assessor or peer assessee. One graph was 

produced for each peer assessor and one graph for each peer assessee group. We 

compared the resulting graphs for each role separately, to identify similarities and 

differences in the combinations of codes over time. The goal was to reveal 

interrelationships of the codings over time and identify different patterns that might 

indicate different profiles for peer assessors or peer assessees.  

 

RESULTS 

Screen captured data analysis allowed for the identification of student behavioral 

patterns (responses/actions of peer assessees) during the feedback review and revision 

of web-portfolios phase. By comparing the time-line graphs of peer assessees’ actions 

we identified four different patterns/profiles (see Figure 2).  

The first example presents peer assessees who studied both the expert and peer 

feedback, but used the feedback that they had produced as peer assessors to filter it, 

before making any change. The second example presents peer assessees who read 

both the expert and peer feedback and considered the expert feedback to be more 

valuable, but in the end did not make any changes. The third example presents peer 

assessees who made changes while taking into consideration both the expert and peer 

feedback. The fourth example presents peer assessees who quickly scanned both the 

expert and peer feedback and then concentrated only on the expert feedback, which 

they partially filtered through the use of the feedback they produced for others as peer 

assessors before they proceeded with making changes to their learning products. 
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Figure 2. Four representative graphs of peer assessee actions over time. Graph 1 is for peer assessee group 3 (Konstantinos and Yannis), 

Graph 2 is for group 7 (Tonia and Marcos), Graph 3 is for group 10 (Despina and Maria), and Graph 4 is for group 2 (Sotia and Nikos). 

The y-axis represents peer assessee actions/responses and the x-axis gives the time in seconds. The codes for the y/axis are as follows: (1) 

Reading expert feedback; (2) Reading peer feedback A; (3) Reading peer feedback B; (4) Reading own feedback A; (5) Reading own 

feedback B; (6) Revisiting own learner products; (7) Revising own learner products; (8) Opening Stochasmos learning environment; (9) 

Opening own web-portfolio; (10) Using software other than Stochasmos (e.g., MS Office); (11) Discussion between group members; (12) 

Revisiting primary information resources from Stochasmos platform; (13) Browsing for information on the web. 
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Despite the differences among these four examples, there are similarities that lead to 

important conclusions about the enactment of peer assessment:  

(a) All assessee groups read both the peer and expert feedback, focusing on 

negative/critical judgments. Peer assessees tended to skip the positive judgments or to 

spend less time on reading them and focused primarily on the negative judgments.  

(b) Many assessee groups tended to access the feedback they themselves had 

produced as peer assessors after they went through expert and peer feedback and used 

it as a point of reference. In most cases where assessee groups accessed their ‘own’ 

feedback, the changes that were actually adopted were related to the content of 

science portfolios. In fact, half of the assessee groups accessed the feedback they 

themselves had produced as peer assessors after they went through the expert and peer 

feedback (e.g., graphs 1 and 4).  

The analysis showed that the more time devoted to reviewing ‘own’ feedback the 

greater the number of changes eventually adopted by assessee groups (Kendall’s tau b 

= 0.47; p < 0.05). This result reveals the crucial role of a ‘hidden’ factor, namely 

‘own’ feedback, whose effect was not known to us at the beginning of this study 

because it was not reported elsewhere in the literature of the domain. Surprisingly, 

many students (50% of the peer assessee groups) were found to adopt changes, 

including science content related changes, which overlapped all three types of 

feedback. Also, comparison of the peer suggested changes that were made to those 

suggested by the expert revealed that students were comparing the peer and expert 

feedback and made actual changes only when the suggested changes overlapped.  

Finally, the number of changes eventually adopted by assessee groups amounted to 

slightly more than one-fifth of those recommended (42 out of 186, 22.58%). Changes 

adopted referred to either the science content (23 changes) or the 

appearance/organization (19 changes) of web-portfolios.  

 

DISCUSSION AND IMPLICATIONS 

Assessee groups seem to have employed two decision-making strategies to screen and 

process peer and expert feedback. The first strategy involved the cross-checking of 

peer and expert feedback, where overlap of negative/critical judgments between 

expert and peer feedback was most likely to lead to changes. This strategy resembles 

the triangulation strategy researchers follow for validation purposes, which causes 

great surprise that secondary school students could “invent” such a strategy. Of 

course, a reasonable question is why peer assessees felt the need of triangulation, 

rather than fully adopting expert feedback. Again, this is an issue that needs to be 

further investigated.  

The second strategy involved the use of the feedback that peer assessees themselves 

had produced while acting as peer assessors (i.e., ‘own’ feedback). Half of the peer 

assessees used their ‘own’ feedback to filter expert and peer feedback before adopting 

any changes. Again, this resembles the triangulation strategy. It should be noted that 

own feedback was accessed by peer assessees without their being instructed to do so. 

Moreover, it should be noted that this is a strategy that was not identified in prior 

research. Therefore, future research should further examine the effect of ‘own’ 

feedback, in particular why peer assessees are so confident about the scientific 

accuracy of their feedback that they consider it to be a point of reference.  
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Finally, the use of ‘own’ feedback has to be acknowledged as a distinctive 

characteristic of reciprocal peer assessment because it interrelates the two distinct 

roles students take on in reciprocal peer assessment (i.e., the roles of peer assessor and 

peer assessee). Moreover, a question that is raised concerning the enactment of the 

role of peer assessee by secondary school students is why they do not adopt all the 

changes suggested by peers and experts; hence, there is a need to understand the 

circumstances under which a peer assessee is reluctant to adopt suggested changes, 

especially those coming from an expert.  

A number of implications for practice and policy emerge from these findings. More 

future research efforts should focus on understanding the mechanisms students 

employ for filtering and using the peer or expert feedback received. For example, the 

strategy of triangulation, which was already employed by some students on their own, 

could be introduced to all students, while explicitly explaining to them its value for 

evaluating a source of feedback as being possibly credible.  

Needless to say, this is another domain in which further research must be encouraged. 

Overall there is a need to determine the factors that affect a peer assessee's decision to 

accept or not to use information from the peer feedback received. The ultimate goal 

should be to create conditions that enable students to learn through the enactment of 

the role of both the peer assessor as well as the enactment of the role of the peer 

assessee.  
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Abstract: In France, PISA science 2006 globally indicated a score around average, and a 

rather high proportion (compared to OECD average) of students at or below level 1, 

meaning that students are not able to use scientific knowledge to understand and do 

PISA’s easiest tasks. The aim of our present work is to understand the level of difficulty 

given by students’ scores for the different PISA science 2006 items. Our hypothesis is 

that different factors, in particular the cognitive demand required to provide a right 

answer, the familiarity or not of the item context, the vocabulary difficulties and the 

possible answering strategies influence the difficulty level or easiness of an item.We 

collected audio taped and/or videotaped data from 15 year old students from grade 9 in 

middle secondary schools and grade level 10 in an upper secondary school in order to 

analyse students’ oral and written productions when they answered PISA questions which 

we had previously selected.Our analysis shows the variety of possible students’ 

difficulties in answering questions and demonstrates that making simple relationships 

between a wrong answer and a lack of competency creates a risk of misinterpreting 

students’ behaviors and/or knowledge at individual levels and at the large scale level.  

Keywords: scientific literacy, PISA, evaluation, sources of difficulty, complexity.  

 

BACKGROUND, FRAMEWORK AND PURPOSE  

The Program for International Student Assessment (PISA http://www.pisa.oecd.org) was 

launched by the Organization for Economic Cooperation and Development (OECD) in 

1997, to assess to what degree 15-year-old students near the end of compulsory education 

have acquired essential knowledge and skills for full participation in society. In all PISA 

cycles, the domains of reading, mathematical and scientific literacy are covered in terms 

of the knowledge and skills needed in adult life. Five assessments have so far been 

carried out. PISA results have lead to the development of research projects on secondary 

analysis of PISA results (see Olsen and Lie, 2006, Bybee et al, 2009 for an overview). As 

scientific literacy was the major domain in 2006, our study is based on PISA science 

2006 data. In France, PISA science 2006 globally indicated average scores, and a rather 

high proportion (compared to the OECD average) of students in difficulty at or below 

level 1 (meaning that students are not able to use scientific knowledge to understand and 

do the PISA easiest tasks) (OECD, 2007). The French Ministry of Education in 

agreement with the OECD has allowed us to use PISA 2006 results. The aim of our 

present work is to investigate what makes PISA science items difficult or easy in order to 

interpret the different scores obtained by the students 
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RATIONALE  

To know more precisely what is effectively assessed, we need to understand what makes 

a test question difficult. Indeed, if we are not able to understand why some questions are 

more difficult than others, it means that we do not really know what we are measuring. 

Little research shows a concern for construct validity in examination questions, i.e. that a 

question measures what it claims to measure (e.g. Ahmed and Pollitt, 1999). Pollitt et al. 

(1985) identified sources of difficulty (SODs) and sources of easiness (SOEs) through 

empirical work from Scottish examinations in five subjects (Mathematics, Geography, 

Science, English and French). Scripts from examinations were analyzed statistically in 

order to identify the most difficult questions. The students’ answers to these questions 

were then analyzed with the aim of discovering the most common errors made when 

answering these questions. From these errors, the authors hypothesize that there were 

certain Sources of difficulty (SODs) and of easiness (SOEs) in the questions. They 

proposed three different categories of SODs: The concept difficulty, which is the intrinsic 

difficulty of the concept itself; the process difficulty meaning the difficulty of cognitive 

operations and demands made on a candidate’s cognitive resources; and the question 

difficulty, which may be rooted in the language of questions, the presentation of 

questions, etc.  

In order to verify whether the hypothesized SODs affect students’ performances, 

questions from a mathematics examination (GSCE-General Certificate of Secondary 

Education) were manipulated and rewritten in order to remove some specific SODs (e.g. 

Fisher-Hoch and Hughes, 1996; Fisher-Hoch et al., 1997). Results show that differences 

in performance can be influenced quite significantly with small variations in the 

questions by removing or adding a source of difficulty (context of question, ambiguous 

resources, etc.). They propose an analysis of the sources of difficulty in exam questions 

that would enable us to develop questions of higher construct validity and effectively 

target different levels of difficulty. Ahmed and Pollitt (1999) investigated the issue of 

what makes questions demanding and developed a scale of cognitive demands in four 

dimensions: complexity of the question (number of operations that have to be carried 

out), abstraction (to what extent the student has to deal with ideas rather than concrete 

objects or events), resources (text, diagram, picture, etc.) and strategy. They show that 

questions having the higher cognitive demand in terms of the four dimensions on the 

scale tend to have more SODs occurring at different stages of the answering process. 

Webb (1997) developed the Depth of knowledge (DOK) model to analyze the cognitive 

expectation demanded by assessment tasks. The Webb’s DOK levels for Science (Webb, 

1997; Hess, 2005) is a scale of cognitive demand and reflects the cognitive complexity of 

the question. The DOK level assigned should reflect the complexity of the cognitive 

processes demanded by the task outlined by the objective. Ultimately, the DOK level 

describes the kind of thinking required by a task, not necessarily whether or not the task 

is difficult. The DOK or the cognitive demands of what students are expected to be able 

to do is related to the number and strength of the connections within and between ideas. 

The DOK required by an assessment is related to the number of connections of concepts 

or ideas a student needs to make in order to produce a response, the level of reasoning, 

and the use of other self-monitoring processes. It should reflect the level of work students 

are most commonly required to perform in order for the response to be deemed 
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acceptable. DOK levels name four different ways students interact with content. Each 

level is dependent upon how deeply students understand the content in order to respond. 

As mentioned above, the Webb levels do not necessarily indicate degree of “difficulty” in 

that DOK Level 1 can ask students to recall or restate either a simple or a much more 

complex concept or procedure. Recall of a well-known concept will correspond to a low 

degree of difficulty (students’ high score), whereas a recall of a concept that is not known 

by a majority of students will lead to a high degree of difficulty of the item (students’ low 

score). However, in both cases, the cognitive demand or DOK Level is 1. Conversely, 

understanding a concept in depth is required to be able to explain how/why a concept 

works (Level 2), apply it to real-world phenomena with justification/supporting evidence 

(Level 3), or to integrate one concept with other concepts or perspectives (Level 4). 

Pollitt and Ahmed (2000) investigate how context affects students’ processes of 

answering an examination science question. The analysis of contextualized science 

questions shows how school students can be misled and biased by the improper use of 

context. The concept of difficulty used in the studies presented above and in ours, is 

embedded in the interactions between the student and the item itself. Therefore it is not 

possible to attribute the source of difficulty either to the item or to the student. Indeed, in 

our a priori analysis of the item, we engage the representation of the students interacting 

with the items in order to anticipate the students’ difficulties. Consequently, in this paper, 

the students’ difficulties and items’ difficulties will not be systematically differentiated. 

On the other hand, the level of difficulty defined by PISA, based on statistical analysis of 

students’ scores is clearly different and it will always be called “PISA level of difficulty”. 

Based on these studies, our hypothesis is that different factors influence the difficulty or 

easiness of an item.. The different factors that we select in our analysis are:  

 the cognitive demand (or cognitive complexity) based on Webb DOK levels, 

required to produce a right answer for a PISA item that we will have previously 

determined in an a priori analysis;  

 the difficulties of the vocabulary found in the text of the unit determined in an a 

priori analysis and confirmed by the observation of students in situation; let us 

note that PISA main assessment consists of a series of units; each unit has an 

introduction with a text and possibly photos, drawings, or diagrams presenting a 

situation followed by a series of questions called items (an example of an 

introduction and one item is given in figure 1).  

 the context of the item, that is the distance between the context of the item from 

which the student should extract and apply information and the context in which 

they have probably already made use of this information. We will determine it in 

an a priori analysis and confirm by the observation of students in situation.  

 the question format (open answer, multiple choice, complex multiple choice) 

determined in a priori analysis . Moreover, in a previous study (authors, 2012) 

concerning the effective competencies involved in PISA items, we observed that 

some PISA items may offer possibilities of supporting some students’ answering 

strategies that do not require items understanding but that can lead in some cases 

to the right answer. This constitutes a potential misinterpretation of the PISA level 

of difficulty. Therefore, we take into account the answering strategies that can be 
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used by students to answer PISA items.  

Consequently, our study is based on two types of analyses; an a priori analysis of PISA 

items and the analysis of students’ actions in a situation where they answer PISA items. 

Therefore we chose a case study methodology as presented below. This analysis should 

lead us to better interpret the students’ scores according to the types of difficulty of each 

question. 

 

METHODS  

For this study, we proceed in two steps: first, an a priori analysis and secondly, an 

analysis of students’ processes while answering PISA items.  

The a priori analyses of PISA units  

The data used for these analyses are based on all PISA science 2006 items. The French 

Ministry of Education (Department of Evaluation DEPP) in agreement with the OECD 

has allowed us to use PISA 2006 results in France and in other OECD countries. We 

carried out four a priori analyses of the PISA units; they involve:  

 analyzing each unit according to several criteria to select a set of units and items 

to test;  

 characterizing the cognitive demand required to produce a right answer for each 

selected item;  

 characterizing the potential familiarity of the item context;  

 characterizing the difficulties due to the vocabulary in the text for each selected 

PISA item.  

To select relevant units for studying French students’ processes, we base our a priori 

analysis of all the units on the following criteria:  

 characterizing the potential familiarity of the item context;  

 the diversity of scientific knowledge required for the item (knowledge of science 

or about science included in the school curriculum or not, daily knowledge, etc.)  

 the different content areas tested in the item (Physical systems, Living systems, 

Earth and space systems, Technology systems, Scientific Inquiry, etc.)  

 the usefulness or not of a unit introduction to answer the items, the item format 

(multiple choice, open, etc.), and the competency evaluated by PISA for the item  

 the scores obtained for each item in France compared to OECD average scores.  

To characterize the cognitive demand, we use the four levels of cognitive complexity 

proposed by Webb (1997). Level 1 (Recall and Reproduction) requires recall of 

information, such as a fact, definition, term, or performance of a simple process or 

procedure. Level 2 (skills and concepts) includes the engagement of some mental 

processing beyond recalling or reproducing a response. This level includes the items 

requiring students to make some decisions as how to approach the question or problem. 
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These actions imply more than one cognitive process. Level 3 (Strategic Thinking) 

requires deep understanding as exhibited through planning, using evidence, and more 

demanding cognitive reasoning. The cognitive demands at level 3 are complex and 

abstract. An assessment item that has more than one possible answer and requires 

students to justify the response they give would most likely be at level 3. At level 4 

(Extended Thinking) students are expected to make connections, relate ideas within the 

content or among content areas, and have to select or devise one approach among many 

alternatives on how the situation can be solved.  

To characterize the vocabulary difficulties in the text of PISA items, in the a priori 

analysis we first notice all the items in which students may have difficulties and secondly 

during the analysis while they answer the PISA item we check whether the students 

effectively meet them with certain words.  

The second step consists of analyzing the answering processes from students’ oral and 

written data when they construct their answer and/or during the following interview.  

The data used for these analyses consist of the video and audio recordings of 21 students 

(9 pairs of students and 3 answering individually), 15 years old (age of PISA evaluation) 

who differ by their academic level (8 high achievers and 13 low achievers).  

During the interview, we asked the students to make their thinking process explicit about 

how they answered the questions. We used the “explicitation interview” (Vermersch & 

Maurel 1997). To analyze the videotapes, we used the software Transana 

(http://www.transana.org).  

All students (21) had 23 same items from 10 PISA units in their questionnaire.  

First, the a priori analyses of questions and the case studies on students allow us to 

confirm or not the sources of difficulty or easiness that we proposed. Then we use these 

confirmed sources to interpret the students’ scores in France and the differences observed 

between French and OECD countries scores. 

 

RESULTS  

After comparing the observed students’ sources of difficulty or easiness when answering 

the 30 selected PISA science 2006 items to the factors we hypothesized, we propose a 

classification of these different PISA items according to the main factors that can play a 

role in students’ answers.  

Our observations confirm the sources of difficulty or easiness in PISA items that we 

proposed: cognitive complexity, familiarity/unfamiliarity of the item context, item 

format, vocabulary. Thus, these SODs described for some of them, in literacy for 

students’ assessment related to curricula were also observed for PISA items even if the 

importance of the different SODs might differ between the two types of evaluation. The 

role and the importance of the answering strategy already found in our previous study 

(authors, 2012) is confirmed and moreover the role of students’ knowledge is highlighted.  

Table 1 shows the results obtained for the 30 selected PISA items. For each PISA item, 

we report the Webb’s DOK levels for science determined in our a priori analysis. In the 

second column, we indicate with two levels (familiar/unfamiliar) our appreciation of the 
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distance between the context of the item from which the student should extract and apply 

information and the context in which they have probably already made use of this 

information. The appreciation of the context is very cultural and can differ from one 

country to another. However an item about a topic taught in the curriculum does not 

necessarily imply a familiar context for the student. For instance, a PISA unit is about 

genetically modified crops which are not in the curriculum in France for a 15 years old 

student. Nevertheless, genetically modified crops is a controversial and highly publicized 

topic in France, and thus the context of the situation from which this item is based, is 

familiar for French students. Likewise, the teaching context of a topic in the French 

curriculum does not necessarily imply that the context of an item connected to this topic 

will be familiar for the student. For instance, an item is about evaporation, which is 

taught in grade 7 in France. But the item situation (how to transform salt water in 

drinkable water) is unusual for French students and makes the item context unfamiliar for 

them.  

The third column indicates the question format, and the fourth column describes the 

item’s vocabulary familiarity. Then, for each selected item, we report the item’s PISA 

level of difficulty according to OECD, the OECD and French scores, and finally the 

number of right, wrong and no answers obtained in our sample. We classify 6 different 

groups of items according to the factors that we consider the most relevant in explaining 

different items’ PISA levels of difficulty given by students’ scores: the level of 

complexity, the answering strategy, the item context unfamiliarity or familiarity.  

 Items with high level of complexity and high PISA level of difficulty for students:  

The PISA level of difficulty is reflected by the low students’ scores. The level of 

complexity of the items is enough to explain the difficulty.  

 Items with high or medium level of complexity which can be solved with 

answering strategies (matching, association) without understanding the text.  

The level of complexity can be as high as in the first group, but the scores are better. 

Actually, we observed that, for these items, students can use answering strategies leading 

to the right answer, even if they do not understand the text and the aim of the item or the 

experiment. Two major answering strategies appear, in particular with low achievers:  

-matching the words: Students search for some wording consistency between the item 

words 

and words in the leading text of the unit or in the introduction of the item. 

-association of action verbs: For instance for an item, students associate the words 

“cooling” and “reduce” (as opposed to increase) and finally choose the right answer. 

 

 Items with low or medium level of complexity (requiring only an element of 

knowledge or a simple procedure)  

 Item contexts are rather familiar and students have the knowledge For 

these items, students’ scores are good. The level of complexity is very 

low, requiring a simple procedure or knowledge in a familiar context, even 

if the vocabulary may be difficult.  
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 Item contexts are familiar but students do not have the knowledge 

The level of complexity is low, but the students show lack of 

knowledge.  

 Item contexts are unfamiliar, students do have the knowledge The level of 

complexity is low, even if the knowledge is common, students are not able 

to mobilize it in another context than they are used to.  

 Items permit answering strategies (as matching or association) used by 

students that can lead to the wrong answers.  

The level of complexity is low, but students, in particular low achievers, use answering 

strategies such as matching words or associating action verbs, leading to the wrong 

answers.  

First, we observe that higher complexity items correspond to items with the highest levels 

of difficulty (from 1 to 6, given by PISA according to students’ scores,) . Nevertheless, 

our results reveal that factors other than complexity can influence the difficulty or 

easiness of the item. . Indeed, the item format (open answer, multiple choice, complex 

multiple choice) appears to have an impact as well on the difficulty of an item. For 

instance, in table 1, we can observe that all items requiring an open answer display the 

highest PISA level of difficulty (between 3 and 5). We made the same observation at the 

whole PISA science 2006 evaluation scale. The context of the item from which the 

student should extract and apply information appears to influence the item difficulty as 

well. This is particularly noticeable for items coded S408Q03, S304Q03a, S304Q03b, 

Q268Q06, and S447Q04 which have a low DOK level (from 1 to 2) but show a high 

PISA level of difficulty. The reason for this difficulty is very likely the unfamiliar 

contexts. Our analysis shows that students have the knowledge required in these items but 

the knowledge is difficult to mobilize in this context. Our analysis reveals that possible 

answering strategies that can be used by students can influence the PISA level of 

difficulty. These answering strategies such as matching words between the item 

introduction and the different propositions in the case of a multiple choice item, or 

associating action verbs (for instance cooling and reducing in an item) are mostly used by 

low achievers without understanding and representing the aim of the question (Authors, 

2012). These answering strategies can lead to the right answer, even if the item displays a 

high complexity (for instance S476Q03 or S268Q01); but it can lead to the wrong 

answers (for instance S213Q01). Consequently, it should be taken into account in the a 

priori analysis of the PISA level of difficulty of a question, in particular common 

answering strategies such as matching or associating action verbs.  

Moreover, from our observations while students are solving PISA items, it appears that 

the familiarity of vocabulary obviously influences the understanding and the solving of 

the item. But we cannot draw clear conclusions about a supposed correlation between 

unfamiliarity of vocabulary and item PISA levels of difficulty from our classification.  

Our results show clearly that compared to the OECD average, French students have the 

same level of difficulty in solving high cognitive complexity items. On the contrary they 

obtain lower scores for some rather easy items requiring knowledge that they apparently 

do not have.  
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Furthermore, we observe a link between high complexity PISA items and a high level of 

difficulty, whereas PISA low complexity items display a large range of levels of 

difficulty. We conclude that in PISA evaluation, it appears possible to anticipate a high 

level of difficulty for an item displaying a high complexity. In the case of a low DOK 

level item, the complexity level cannot be a sufficient factor to predict item difficulty. 

Other factors than complexity have to be taken into account while creating items to 

predict difficulties they may have and to specify what is actually assessed. In particular, if 

we want to evaluate low achievers and understand their actual level, some new PISA 

items with a low level of difficulty need to be added. 

 

IMPLICATIONS  

Our study shows that factors other than the complexity of a PISA item can influence the 

PISA level of difficulty or easiness and thus the students’ scores. This analysis shows the 

variety of possible students’ difficulties in answering questions: item context, question 

format, and vocabulary. It shows as well that possible answering strategies can influence 

PISA level of difficulty. Our study shows that making simple relationships between a 

wrong answer and a lack of competency creates the risk of misinterpreting students’ 

competency. It appears that French students show lower scores compared to the OECD 

average for some items requiring knowledge, whereas no score difference is observed for 

high complexity items. Furthermore, we observe a link between high complexity PISA 

items and a high PISA level of difficulty, whereas PISA low complexity items display a 

large range of PISA levels of difficulty. We conclude that in PISA evaluation, it appears 

possible to anticipate a high PISA level of difficulty for an item displaying a high 

complexity. In the case of a low DOK level item, the complexity level cannot be a 

sufficient factor to predict item difficulty. Other factors than complexity have to be taken 

into account while creating items to predict difficulties they may have and to specify 

what is actually assessed. In particular, if we want to evaluate low achievers and 

understand their actual level, some new PISA items with a low level of difficulty need to 

be added. Our results could be of interest for policy-makers, large scale assessment 

developers and also particularly for teachers in the case of a reflection on science 

evaluation carried out in class. It could alert them to the variety of difficulties that their 

students might have in their own assessments which they do not suspect. 
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Abstract: Over seven million Brazilian youngsters enrolled for a National Test (ENEM 2013) aimed 

at those who are willing to get one of the 170,000 places available in public free universities (Jan 

2014). ENEM submits 180 multiple choice questions in a context with supposedly relevant 

information which should be applied, relying on few or no previous knowledge. It was originally 

presented as a new possibility for poor students finding a path leading to good quality universities. 

We prepared two instruments based on real ENEM questions focusing on the same subject matter 

(biology), which were presented to two randomized groups of high school students. One group 

received full length questions (n=1,631), and the other received the same questions (n=1,400) with 

abridged context information, but with the same stem and options. Performance analysis not only 

showed no statistical significance towards students who were answering full length questions, but 

also showed that students’ performance was significantly higher in three questions with abridged 

information. Conclusions show that students’ performance may rely more heavily on reading and 

time management skills rather than on previous knowledge or mental skills. Democratization on 

university access, if any, may be due to the novelty of the test. 

Keywords: students’ assessment; intelligence assessment, ENEM; time management skills; reading 

skills. 

 

INTRODUCTION 

The Brazilian Ministry of Education (MEC) organizes a National Test for students at the end of 

High School (“ENEM”) since the year of 1998. In 2009 major changes were introduced, which 

attracted a great number of students, not only those who are actually at the last year of High School. 

All people who aspire to a university degree seem to have been encouraged to pursue such testing, 

given the reward introduced for a good score, in the form of a place in a free public university.  

Students have been challenged to achieve the highest possible mark, which would enable them to 

apply for a place in a computerized system (“SISU”) provided by MEC, which compares ENEM 

scores of students and assigns seats in public universities all over the country. In the year 2013 over 

seven million students were enrolled in ENEM, competing for places in free public universities. In 

addition to SISU, students can compete for over 170,000 scholarships in private universities 

(“PROUNI”), which can be as high as 100% of the tuition fees, given some conditions related to 

students’ socioeconomic status. According to official MEC information, about 110,000 students 

enrolled in the first version of the then national test in 1998, and no one could believe that seven 

million people would be enrolled the same test fifteen years later (2013 exam), competing for about 

170,000 places in public universities throughout Brazil (January 2014). 

ENEM is known for avoiding traditional questions, which rely heavily on the recollection of factual 

knowledge. Since it was launched, it was presented as a new strategy to assess directly students’ 

competencies, defined by an official document as “structural modalities of intelligence” (Franco 

and Bonamino, 1999:29). The new test was warmly welcomed by the Brazilian press and broadly 

marketed in “grey literature”, which is difficult to quote. Apparently it was taken as a strategy not 
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only for a new assessment-based educational reform, but also for social reform, as it would help 

poor students to pursue a path to higher education and, in addition, was aimed explicitly at reaching 

the job market. MEC presented the test as an opportunity for youngsters to plan their futures, having 

a “clear idea of their personal and professional potential”, as the test “would allow assessing their 

potential in order to plan future choices” (Zákia and Oliveira, 2003: 884). Even today, the “Novo 

Enem” (“New ENEM”)  is officially presented by MEC as a tool for democratization of access to 

public institutions of higher education, which are free, to promote academic mobility and to induce 

changes in high school curricula (MEC, 2013). 

ENEM was originally based on five competencies and 21 abilities, aimed at reaching an 

interdisciplinary approach, with no mention to specific school disciplines or subjects. The major 

reform which took place in 2009 created the “Novo ENEM” (“New ENEM”) with a major increase 

in the number of competencies and abilities under assessment, references to conceptual disciplinary 

knowledge were introduced, and the total number of questions increased dramatically. The original 

63 multiple choice questions (plus an optional written composition) performed in one afternoon 

became, now in the new version, 180 questions (plus a compulsory written composition) and two 

days are necessary, with a tight time schedule, which allows three minutes per item. They are taken 

as unidimensional, as Item Response Theory (IRT) is now applied to establish final scores. 

However, the major features of items construction seem to be essentially the same: some visual and 

written context is given, followed by a stem and five options. Recollection of facts and concepts 

should be rarely necessary, at least in the form of conceptual definitions; the essential information to 

find the right option is supposedly part of the context given. 

Previous research carried out with PISA items, which are also based on a stimulus which “’tells a 

story’ to which the test items relate more or less directly”, categorized items according to the level 

of contextualization (Nentwig, et al, 2009). Items with “high level of contextualization” had 

stimulus content which was essential for information extraction and processing, whereas items with 

“low level of contextualization” brought stimulus which was not essential for answering the 

question. In that piece of research both stimulus Content and Relevance were taken into 

consideration in a threefold scale, in which items could have substantial information, which was 

relevant for item solution (score 2), or could have some text or information but stimulus information 

was not relevant for solution (score 1). Items could also bring few or no information as stimulus 

(score 0). 

Authors provided examples of items of PISA 2006 in which the “question can be answered – and 

exclusively so – with the recollection of factual knowledge not related to the stimulus”, and were 

coded 1. Their objective was to carry out further performance studies of selected questions, 

comparing students of different countries, in order to understand how well German students could 

extract and process information, rather than find the right answer recollecting factual knowledge. 

Data is presented here testing the hypothesis that stimulus in a group of selected ENEM questions 

was actually relevant for student performance in biology. Instead of simply rating questions on the 

basis of stimulus Content and Relevance by judges, as done in the cited article, an additional step 

was added. Low contextualization questions, corresponding to score 1 of Nentwig et al, 2009, were 

selected and presented to students in two forms: full length, with the original stimulus, and abridged 

version, in which stimulus was removed, leaving just the stem and options. Scores on the two 

groups of students are presented and we discuss methods for identifying possible flawed multiple 

choice items. 
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METHODS 

A sample of seven questions with low level of contextualization clearly related to biology were 

selected in the 2009 and 2010 tests (Novo ENEM), which were presented in 2011 to two 

randomized groups of High School students. One group (n0=233) was asked to answer original 

questions (Full ENEM), in a six-page long questionnaire; another group of similar students 

(n1=200) was asked to answer the same questions with written stimulus entirely removed, leaving 

the stem and the very same options, in the form of a three-page long questionnaire (Abridged 

ENEM). Another three questions (standard questions) were included in the two sets of 

questionnaires, focusing Biology subjects, with exactly the same brief stem and five options, for 

comparison purposes. As survey participants were not selected by randomised procedures, these 

questions would test general biology knowledge of the two groups, ascertaining their proficiency in 

the field (Biology) was equivalent, and therefore the sample could be reliable for the only purpose 

of comparing items. According to quota sampling techniques, choice of quota controls would 

“challenge the quota sampler's ingenuity” ,  as “quota variables should be strongly related to the 

survey variables” (…) thereby becoming “substantially homogeneous”. As Leslie Kish states, quota 

sampling is not a standardized scientific method; “rather, each one seems an artistic production” 

(Kish, 1965: 563), and a overview is provided below. 

Each research assistant received one set of questionnaires, either short or long, and was responsible 

for submitting it to students of one public high school of the city of São Paulo (SP, Brazil). Fourteen 

schools were chosen according to assistant's convenience, as access to schools is quite difficult, and 

test was performed by students within a specific week in mid September. Research assistants were 

not aware of the differences of the two sets of questionnaires. The invitation letter required by the 

Ethics Commission of our institution (FEUSP) was part of every questionnaire, and stated that 

students were invited to collaborate in a research about assessment; they would not be identified in 

the answer sheet, and the several participating schools in this piece of research would not be 

identified or ranked.  

School validation relied on a two level process. Reports of how the questionnaire was presented to 

students and answered were analyzed, prior to the answer processing. Any kind of reported 

situations which were not exactly the ideal ones led to school exclusion. For instance, when 

different research assistants went to the same school, it was excluded from the sample, as students 

could have had notice of the different length of the questions. We could validate fourteen schools at 

this level. On another level of scrutiny, as part of the statistical analysis, school results were studied, 

a search for outliers was carried out (see below), and one case was found in the group of schools 

where abridged questions were presented, and the report of that specific school was reconsidered. 

The school has a long record of good performance in large scale evaluations, but students now had 

very low scores compared with the average of other schools. Score on the standard questions were 

11%, which is surprisingly low for items with five options. The conclusion was that this specific 

school was close to the university campus and students were not motivated to perform the test, as 

they are quite used to similar “university experiments”. As they could not recognize items as 

“ENEM questions” the task was probably seen as “a waste of time”. Therefore, that school was 

considered an outlier, and the number of students aswering abridged questions was corrected to 

n=127 (889 items analyzed). Students which answered full ENEM questions was n=233 (1631 

items analyzed), with a total sample size of 360 students belonging to 13 schools, and 2,520 ENEM 

items and 861 standard items analyzed. 

 

ITEMS EXAMPLES 

The following examples show the twofold forms of presentation of selected items. In the full 

version items were reproduced from the beginning, where the question number appears for the first 
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time. In the abridged version, stimulus was removed, and the version presented to students began 

where the question number appears for the second time, in the examples below. Colors will be 

discussed below. 

7 (full) - The biogeochemical carbon cycle comprises various compartments, including  Earth, 
the atmosphere and the oceans, and various processes allowing the transfer of compounds 

between these reservoirs. Carbon stocks stored in the form of non-renewable resources, such as 

oil, are limited, being of great importance to realize the importance of replacing fossil fuels by 

renewable fuels. 

7 (abridged) - The use of fossil fuels affects the carbon cycle, as it causes: 

a) increase in the percentage of carbon on earth. 

b) reduction in the rate of photosynthesis of higher plants. 
c) increased production of carbohydrates produced by plants. 

d) increase in the amount of atmosphere’s carbon. 

e) reduction of the overall amount of carbon stored in the oceans. 

 

8 (full) - A new method for producing artificial insulin using recombinant DNA technology was 

developed by researchers at the Department of Cell Biology, University of Brasilia (UNB) in 

partnership with the private sector. Researchers have genetically modified Escherichia coli 
bacteria, which became able to synthesize the hormone. The process allowed the manufacture of 

insulin in larger quantities and in only 30 days, one third of the time required to obtain it by the 

traditional method, which consists in the extraction of the hormone from slaughtered animals’ 
pancreas. 

Ciência Hoje 24 April 2001. Available at: http://cienciahoje.uol.com.br (adapted). 

 

8 (abridged) - The production of insulin by recombinant DNA technique has, as a consequence : 

a) improvement of the process of extracting insulin from porcine pancreas . 

b ) the selection of antibiotic-resistant microorganisms . 

c ) progress in the technique of chemical synthesis of hormones. 
d ) favorable impact on the health of diabetics . 

e) creation of transgenic animals. 

 

Distractors' keywords appear in color, associated with related terms in stimulus. As Thiessen 

et al (1989) argued, they play an important role in item planning, and improve options' 

plausibility. As we will argue later, a long, but not relevant, stimulus may improve the 

effectiveness of distractors to the point of  flawing the whole item. 

 

RESULTS 

The total number of questions focusing the national test was 2,520 (Table 1), other 861 standard 

questions were included in order to test sample homogeneity (Table 2), with a total number of 3,381 

questions answered and processed. 

Statistical analysis included parametric essays, and search for outliers. One school (EEI1FB, n=73) 

fell into this category, as previously mentioned, and was excluded from the sample. Fisher’s Exact 

Test for ENEM questions (Table 1) reported p-value without statistically significant differences 

between the groups on four questions (Q1, p-value= 0.906; Q5, p-value=; 0.077; Q9, p-value = 

0.901; Q10, p-value = 0.152), and statistically significant differences on three questions, in favor of 

abridged questions (Q03, p-value = 0.006; Q7, p-value < 0.001 e Q8, p-value < 0.001). Results of 

the same statistical analyses for the three standard questions (Table 2) confirmed the sample's 

homogeneity of the two groups (Q2, p-value = 0.787; Q4, p-value = 0.116 e Q6, p-value = 0.140).  
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Table 01 

Right answers of the 2,520 ENEM questions (F.E.T= Fisher Exact Test) 

Full ENEM Questions 

N School n0 Q1 Q3 Q5 Q7 Q8 Q9 Q10 

1 EEA0HD 15 1 12 13 4 2 3 3 

2 EEB0NL 52 18 30 32 11 18 10 12 

3 EEC0SB 32 15 22 20 6 16 10 21 

4 EED0XS 13 7 9 12 9 6 7 8 

5 EME0EA 32 12 8 17 7 4 17 7 

6  EEF0PM  34 21 27 28 23 19 3 17 

7 EEG0GC 13 7 10 11 11 3 9 11 

8 EEH0BT 42 27 32 34 26 9 21 20 

  Total  233 108 150 167 97 77 80 99 

   46% 64% 72% 42% 30% 34% 42% 

Abridged ENEM Questions 

    n1 Q1 Q3 Q5 Q7 Q8 Q9 Q10 

09 EEK1BM 43 14 35 36 25 29 13 15 

10 ETL1HV 25 10 19 20 20 7 11 18 

11 EEM1BC 19 14 17 13 9 5 14 6 

12 EEN1MS 18 4 10 12 9 10 3 11 

13 EEO1HF 22 20 19 21 16 18 4 14 

  Total  127 62 100 102 79 69 45 64 

   49% 79% 80% 62% 54% 35% 50% 

 F.E.T  p.value 0.906 0.006 0.077 <0.001 <0.001 0.901 0.152 

 

Table 02 

Results of the 861 standard questions (F.E.T= Fisher Exact Test) 

Full ENEM Questions 

N School n0 Q2 Q4 Q6 

1 EEA0HD 15 4 10 2 

2 EEB0NL 52 8 17 4 

3 EEC0SB 32 8 13 7 

4 EED0XS 13 4 7 5 

5 EME0EA 32 3 11 7 

6 EEF0PM 34 4 11 7 

7 EEG0GC 13 3 11 4 

8 EEH0BT 42 15 6 10 

  Total  233 49 86 46 

   21% 37% 20% 

Abridged ENEM  Questions 

    n1 Q2 Q4 Q6 

09 EEK1BM 43 4 9 4 

10 ETL1HV 25 10 16 10 

11 EEM1BC 19 6 16 6 

12 EEN1MS 18 1 1 1 

13 EEO1HF 22 4 16 12 

 Total 127 25 58 33 

   20% 46% 26% 

 F.E.T  p.value 0.787 0.116 0.140 
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Table 1 presents the results of the two groups of experimental questions. Considering this group of 

low contextualization items, the hypothesis that stimulus is relevant to student performance found 

no support, confirming previous categorization. An even more surprising result was found, as 

comparing the two groups of ENEM questions answers it is possible to state that questions Q3, Q7 

and Q8 allowed a statistically significant higher student performance when they brought no 

stimulus, showing a phenomenon we named reversed induced performance (“rip”). In other words, 

jumping stimulus brought to students, in this group of questions, either the same or even better 

probability of a good performance. 

A further analysis was performed with linguistic tools looking for causal explanations of these 

surprising results. The group of students which answered items with no stimulus, went directly to 

the stem line, and was not influenced by the text presented to the other group. These texts had 

keywords, such as oil and insulin, which were also inadvertently referred to by their superordinated 

words (“fossil fuels”, and “hormones”), demanding previous knowledge for full understanding.  

In the item examples given, question 7 brings a text with poor information on the topic of carbon 

cycle, and has lack of cohesion, comprising also the global warming issues. Item stem explores 

previous student knowledge on a specific topic (effect of fossil fuels on the atmosphere). Without 

previous knowledge, students, under pressure due to the tight time schedule, would read options 

directly looking for similarities between keywords found there and in the text. There are three 

“carbon reservoirs” mentioned in the text, and they appear on three different options. The stimulus 

would drive students’ attention to these three options, whereas without it they would face a different 

situation, thus becoming weak distractors. “Fuel” is a keyword in the stem, which easily connects to 

the idea of combustion and smoke. The closest keyword is “atmosphere”, which is found in the 

right answer. Therefore, lack of cohesion of the text could lead students to jump stimulus, and 

concentrate in the stem, rising the probability of success, including reasons other than those 

originally thought. This trajectory could explain the observed “rip”. 

The other example is even clearer, as question 8 was presented above so that keywords were 

colored, as their related terms, in the options and item stem. Apparently, students have to apply 

information given in the text, as stem is plenty of keywords such as “insulin”. Stimulus brings 

keywords which appear (or have correlated ideas) in four distractors. The only option which has no 

connection with stimulus, as mentions “diabetics”, is the right one. Students should recollect facts 

about hormones and insulin, and know something about the related diseases, as stimulus has evident 

lack of cohesion regarding the context of the right answer, related to diabetics’ treatment. Students 

who read stimulus would be bound to focus attention on the four distractors. There is a clear lack of 

cohesion, as stimulus does not mention any disease; this strategy of diverting students’ attention by 

changing subject, making stimulus not relevant for the answer, we called “bafflement”, which tends 

to improve “rip”. In fact, this was the question with the greatest difference between the two groups 

(Table 1). In real action, students could jump stimulus and would not be mislead to concentrate their 

attention in the wrong options; with previous knowledge about insulin and related disease, answer 

would be easily found. Therefore, it is possible to understand the observed “rip” as a consequence 

of this bafflement strategy.  

The four items in which no statistical difference between the abridged and full questions was found 

also deserve analysis, as students who jumped stimulus, and went directly to options, were as 

successful as those who did all the reading. However, as they have only three minutes for each 

question, ‘jumping” students would have saved precious time for other questions, rising the 

probability of a higher final score in real action. 

These results show that low contextualization in ENEM questions with focus on Biology do rely on 

students’ previous knowledge, and are not objective indicators of the alleged “structural modalities 
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of intelligence”. Moreover, items actually favor students with better reading and time management 

skills than a balanced amount of biological knowledge and thinking skills. 

 

DISCUSSION 

Results show that low contextualization items (Nentwig et al, 2009) deserve more attention 

regarding future research. If presented with a stimulus, which demand a considerable length of time 

to be read and understood (score 1 in the cited article), they are actually “context deficient” (“cont-

def”). These items allow at least two different paths for the right answer, what brings a considerable 

problem for the task of determining its degree of difficulty, with a serious implication for the Item 

Response Theory. Contrary to direct items with no context (score 0 in the cited article), or with 

actually relevant information in the stimulus (score 2 in the cited article), “cont-def” questions not 

only allow similar probability of success with stimulus or without it, as seen in questions 1, 5, 9 and 

10 (Table 1), but also may turn the question even more difficult. As seen in questions 3, 7 and 8 

(Table 1), scores of students that received stimulus were significantly lower, showing a new 

phenomenon, which we called reverse induced performance (“rip”).  

This new phenomenon should be focused carefully in items pre-testing, as it brings a profound 

effect to the determination of the degree of difficulty. The validity of Item Response Theory 

requires unidimentional items, therefore items must be rip-free. This piece of research offers a 

practical approach to perform such testing, with two randomized groups of students, one of them 

receiving abridged items, which are suspect of being cont-def.  

This research brought a new light to a long known fact, related to the commercially successful 

“ENEM training courses”, privately owned, which have been active at least since 2003 (Zákia and 

Oliveira, 2003: 885). There was suspicion that they were useless, as students would receive all, or 

almost all, information needed in items' context stimulus, therefore, training would be of no help to 

raise students’ performance in ENEM. All seven experimental questions produced results that can 

explain the need of a specific student training to get higher scores in that exam. Within a very tight 

time schedule, students may be trained not only to extract and process information given in the 

stimulus, but also – and mainly - to select and discard information which is not relevant to assign 

the right option or even to lower distractors' efficiency. 

The 2009 reform turned Novo ENEM not only into an instrument to select students for public 

universities, but also aiming at monitoring education quality in a nationwide basis. The 

democratization of higher education access provided by ENEM (if any) may be due to sudden 

changes and would tend to disappear as time management skills are differently apprehended by 

students in the socioeconomic spectrum. 

The proposal of turning ENEM into a compulsory State Exam is currently under discussion. Our 

results suggest that assessment-based educational reform and education quality monitoring based on 

this instrument should be considered with caution. Further research is necessary, encompassing 

other content areas, in order to have a clearer idea of the real impact of low contextualization items 

in large scale exams such as ENEM. 
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Abstract: It is generally known that student success in chemistry is rather low. High dropout rates 

of 43 % exemplify this clearly. Especially during the first semesters of studies, dropout rates are 

the highest. This can be attributed to the large amount of challenges freshmen have to face. There 

have been several studies on factors that influence student success but very few studies have 

taken a closer look at the interaction between the predictors for student success in chemistry. For 

this purpose, a questionnaire was developed to determine students’ attitudes towards their studies, 

their cognitive abilities as well as their chemistry knowledge and their subject-specific 

qualifications. At the end of the first semester, chemistry knowledge was measured again, and 

results from the final exam could also be obtained. Using moderated multiple linear regression 

analyses, student success, which was defined as the score in the final exam on the one hand and 

as the score in the chemistry knowledge test on the other hand, was predicted. Three variables, 

the grade from the secondary school graduation certificate (Abitur), prior knowledge in chemistry 

and desired subject (I would rather study a different subject. – Yes or No), were found to be 

important predictors for both definitions of student success. For the score in the chemistry 

knowledge test, study conditions also revealed predictive validity. In this way, it could be shown 

that study conditions play an additional important role on chemistry achievement. Moderation 

analyses also confirm this finding since only for the score in the chemistry knowledge test it was 

possible to identify interactions between the predictors that are independent from the students’ 

course of study and university. 

Keywords: Chemistry, higher education, freshmen, prediction of success, moderated multiple 

linear regression analysis 

 

INTRODUCTION 

The dropout rate of German bachelor students in chemistry amounts to 43 % (Heublein, Richter, 

Schmelzer & Sommer., 2012). The main reasons for leaving university are difficulties in 

performance and lack of motivation (Heublein, Hutzsch, Schreiber, Sommer & Besuch, 2010) 

which is particularly caused by false expectations of their studies (Heublein, Spangenberg & 

Sommer, 2003). The highest dropout rates in natural sciences studies occur during the first 

semesters at university (Heublein et al., 2003) which can be attributed to the large number of 

challenges freshmen are confronted with (Gerdes & Mallinckrodt, 1994). 

Other European countries also have excessively high dropout rates. Ulriksen, Møller Madsen and 

Holmegaard (2010) state that around one third of students end up their studies before the 

scheduled time. Low student success is an important issue at American universities as well, as 

only approximately 70 % of freshmen in chemistry pass the final exam in general chemistry at 

the end of first semester (Legg, Legg & Greenbowe, 2001; McFate & Olmsted, 1999). 

In order to gain a better understanding of student success, it is necessary to find factors that are 

able to predict success as soon as studies begin. Up to now, a lot of approaches have been made 
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for determining the factors leading to student success. The attempts date back to 1921 (Powers, 

1921). Several variables predicting success have been identified so far. But only few studies deal 

with the prediction of student success in chemistry at German universities. This project aims at 

filling this gap. Whereas a lot of studies tested a great variety of cognitive and non-cognitive 

variables, only few studies also took the interactions between the predictors into account. The 

great advantage of doing this, is to gain a deeper insight into the connections between the 

variables that predict student success and therefore create a better understanding of how success 

can be achieved. Identifying the variables leading to success and the way how those variables 

interact, creates a starting point for increasing student success and decreasing dropout, 

respectively. 

Here, student success is one time defined as the score in the final chemistry examination and one 

time as the score in a chemistry knowledge test which both have been taken place at the end of 

the first semester (examination two to three weeks later than the test). Whereas the chemistry 

exam represents a criterion that is highly relevant for the students, the chemistry test had no 

relevance at all for them but was the same for all participating students and therefore is an 

objective measure for student success.  

For the prediction, a regression model has been built up on the basis of Schiefele, Krapp and 

Winteler (1992) who state that usually three pieces are used in predicting academic achievement: 

general cognitive factors, general motivational factors, and interest.  

The cognitive factors have been split into two parts. As first predictor, prior knowledge has been 

included into the model because prior knowledge is the pre-condition for accumulating further 

knowledge (Schneider, Körkel & Weinert, 1990). Therefore it is also the basis for learning 

growth which is finally measured at the end of the first semester. Prior knowledge is the domain-

specific part of cognitive factors and its predictive strength increases with rising consistency of 

test and study content (Heine, Briedis, Didi, Haase & Trost, 2006). Then, as rather domain-

unspecific part of cognitive factors, two variables are added to the regression model: grade from 

the secondary school graduation certificate (Abitur) and ability in deductive thinking. The highest 

predictive strength as a single predictor has been attributed to the grade from the secondary 

school graduation certificate (Abitur). Abilities in deductive thinking are seen as central factor in 

measuring cognitive abilities which show medium or satisfactory predictive strength (Heine et 

al., 2006). As motivational factor the predictor desired subject is used. This variable contains one 

item that asks the students whether they would rather study a different subject than the chosen 

one. It could be shown that students who are satisfied with their subject achieve better results in 

an exam than students who are unsatisfied with their subject (Ohlsen, 1985). The positive effect 

of student satisfaction can be attributed to the fact that learning actions are rather initiated for 

satisfied students. Furthermore, it is learnt more successfully, and self-regulated learning, which 

has an enormous meaning for (self-)study, can be maintained (Voss, 2007). The next part of the 

model is subject interest. Here, ambiguous information can be found. Some studies show no 

predictive strength (Gold & Souvignier, 2005) whereas others find it meaningful for student 

success (Fellenberg & Hannover, 2006; Giesen, Gold, Hummer & Jansen, 1986). Possibly, the 

positive effect of interest on student success evolves only after a longer time of studying (Krapp, 

1997). At this point, the model according to Schiefele, Krapp and Winteler (1992) is complete, 

but since students from different universities and different courses of study were surveyed, study 

conditions as further variable are also included into the model. It is well-known that different 
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study structures and requirements have an influence on student success as well (Krempkow, 

2008; Preuss-Lausitz & Sommerkorn, 1968). 

 

STUDY DESIGN 

In winter semester 2011/12 freshmen in chemistry from different German universities were 

surveyed at the very beginning of the semester (pre-test) and the end of the semester (post-test) 

on their knowledge, abilities, and attitudes they bring to university.  

 

Design & Participants 

A number of 236 students of the two courses of study chemistry and chemistry education can be 

included in the regression analyses (see Table 1). Three universities took part in this survey: 

Humboldt-Universität zu Berlin (HU Berlin), Universität Duisburg-Essen (Uni DuE) and 

Ludwig-Maximilians-Universität München (LMU Munich). All of the students attended the 

chemistry examination as well as the chemistry knowledge test. 

 

Table 1 

Participants divided by course of study and university. 

 HU Berlin Uni DuE LMU Munich Total 

Chemistry students 61 36 80 177 

Education students 21 26 12 59 

Total 82 62 92 236 

 

Female students (40 %) are a little less present in the sample than male students (60 %). There are 

also some differences concerning the students’ year of receiving their secondary school 

graduation certificate (Abitur). Sixty-eight percent did their final exam just before starting their 

studies in 2011; 20 % one year before in 2010 and 11 % earlier than that.  

 

Material & Methods 

The predictors are surveyed by a couple of questionnaires, tests, and items, respectively. Prior 

knowledge is assessed by a Chemistry Knowledge Test (Cronbach’s α: .778) which consists of 23 

multiple-choice items. For every item four possible answers are given with exactly one of them 

being the right one. The test has been self-constructed on the basis of the lecture on general 

chemistry offered for first semester students in chemistry at the University of Duisburg-Essen. 

The content of the general chemistry lecture is very similar in Germany, so that the test can be 

considered applicable to all participating universities. The Test for Measuring Deductive 

Thinking is taken from Wilhelm, Schroeders and Schipolowski (2009). Only the visual part has 

been used which required from the students to complete rows of figures. In this test, three to four 

possible answers are given. For assessing subject interest, a questionnaire on study interest 

(Schiefele, Krapp, Wild & Winteler, 1993) has been adapted. The test (Cronbach’s α: .775) 

contains 11 chemistry-related items, like: I’m studying this subject because engagement in 
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chemical topics and matters is important to me. For responding to the questionnaire on subject 

interest, a four-point Likert scale is given for specifying one’s level of agreement. For the 

variable desired subject the following item has been used: I would rather study a different 

subject. Students could answer with yes or no. Grade from the secondary school graduation 

certificate (Abitur), course of study and university have been asked for with one item each. For 

the operationalization of the study conditions, six dummy variables were created: chemistry 

students from Berlin, education students from Berlin, chemistry students from Essen, education 

students from Essen, chemistry students from Munich and education students from Munich. The 

value “1” was given to the referring student cohort, whereas “0” stands for all the other students. 

Chemistry students from Munich were taken as the reference group in the regression analyses 

since they present the largest group. Validity and reliability for all questionnaires and tests could 

be proven in the frame of a pilot study conducted one year before in winter semester 2010/11. 

Additionally, scores in the final exam in chemistry at the end of the first semester have been 

gathered. Since the students from the different courses of study and universities wrote different 

exams, scores were z-standardized for regression analyses. The predictors were added blockwise 

and by the enter method to the regression model. The moderation analyses were used for 

identifying interactions between the above mentioned predictors. To keep the variables equally 

weighted in the interaction terms, all variables were centered, meaning that the mean was set to 

zero whereas the variance was kept (Cohen, Cohen, West & Aiken, 2003). 

  

RESULTS AND DISCUSSION 

The results from the regression analyses for the prediction of the exam’s score and score in the 

knowledge test is shown in Table 2. The shown values are the regression coefficients β of only 

the significant predictors (p < .05). β is a measure of the predictive strength of a predictor. It 

describes the size of the effect of each predictor on student success.  

 

Table 2 

Results of regression analyses for predicting achievement in the knowledge test and the final 

exam (only significant predictors (p < .05) are shown). 

 Knowledge test Final exam 

 β  t  p  β  t  p  

Prior knowledge  .288  4.713  <.001  .169  2.633  .009  

Cogn. A.                      Grade -.250  -4.170  <.001  -.398  -6.307  <.001  

Deduct. Think.  ---  ---  ---  .148  2.385  .018  

Desired subject  -.111  -1.980  .049  -.173  -2.942  .004  

Subject interest  ---  ---  ---  ---  ---  ---  

Study conditions
1
            

HU Berlin Chemistry  -.138  -2.087  .038  ---  ---  ---  

HU Berlin Chem. Educ. -.136  -2.730  .007  ---  ---  ---  

               Uni DuE Chemistry  ---  ---  ---  ---  ---  ---  

Uni DuE Chem. Educ. -.300  -4.985  <.001  ---  ---  ---  

LMU München Chemistry -.188  -3.272  .001  ---  ---  ---  

R²/% [incl. study conditions]  25.6 % [34.9 %] 26.4 % [27.8 %] 
1 Dummy-coded 
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It can be seen that prior knowledge has a higher effect on the score in the knowledge test 

(β = .288) than on the outcome in the exam (β = .169). This can be attributed to the fact that the 

chemistry knowledge test in pre- and post-test was identical, and in the exam a broader field of 

knowledge was asked for. On the other hand, cognitive abilities show a stronger effect on the 

exam’s score (grade: β(exam) = -.398 vs. β(test) = -.250; deducting thinking: β(exam) = .148 vs. 

β(test) = n. s.). This finding could be due to the fact that the tasks in the exam were more 

complex than tasks in the knowledge test, and therefore make higher cognitive demands on the 

students. Furthermore, students were possibly more engaged in solving the exam than solving the 

test since the exam has a much higher relevance for them. This could also be a reason for the 

variable desired subject showing a higher influence on the exam (β = -.173) than on the 

knowledge test (β = -.111). An experimental study confirmed that the role of the relevance of a 

test score and the students’ motivation when working on it, show a positive correlation to the 

students’ score in the test (Liu, Bridgeman & Adler, 2012). Study interest shows neither an effect 

on score in the test nor on score in the exam.  

With the aforementioned predictors, in each of the two regression models approximately one 

fourth of variance of the score in the exam and the test, respectively, can be explained. When 

adding study conditions, the amount of explained variance is enhanced up to 35 % for the 

chemistry test and approximately stays the same for the exam. Study conditions only show a high 

effect on the achievement in the knowledge test whereas there is no significant effect at all on the 

exam’s score. This result indicates that study conditions do have an influence on the students’ 

outcome. The absence of an effect of study conditions on success in the final exam shows that the 

exams that students wrote at the three universities are different from each other and presumably 

include study conditions. From additional analyses (data not shown here) it can be seen that it is 

not the content of the exams that makes the exams different. However, they differ from each 

other in difficulty. Which variables cause the different levels of difficulty, is not clear at the 

moment. 

Concerning study conditions, similar results can be gathered from moderation analyses. Whereas 

for the score in the exam it is not possible to find interactions between the predictors that are 

independent from course of study and university, several interactions can be found when 

predicting achievement in the knowledge test (see Figure 1). This finding also shows that the 

exams are too different to gain interactions that are valid for all students, independent from the 

students’ affiliation to university and course of study. 

The left part of Figure 1 shows that the influence of prior knowledge on achievement is 

significantly higher for students with a bad Abitur grade. This means that the better the grade is 

the less prior knowledge is important for student success in the chemistry knowledge test. The 

right part of the picture shows that the positive influence of prior knowledge on achievement is 

significantly higher for students with a high ability in deductive thinking. This could be due to 

the fact that students with a high ability in deductive thinking are more able to apply their prior 

knowledge. 
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Figure 1. Results from moderation analyses: interactions between predictors of achievement in 

the knowledge test: left: grade X prior knowledge (p = .077); right: prior knowledge X ability in 

deductive thinking (p = .009). 

 

 

SUMMARY 

In the frame of this study, a theory-based regression model for the prediction of student success 

in chemistry could be applied. The results show that prior knowledge, cognitive abilities, and the 

desired subject are significant predictors for performance at the end of the first semester in 

chemistry. Subject interest plays a minor role in the prediction. Student success was measured in 

two ways: once through the score in the chemistry exam (as a criterion that is highly relevant for 

the students) and once through the score in an objective chemistry test which was in contrast to 

the exam the same for all participating students.  

All in all the whole regression model explains about one fourth of variance of students’ 

performance at the end of first semester. Additionally, study conditions, operationalized through 

the students’ affiliation to their course of study and their university, show a clear influence on the 

test outcome and raises the proportion of the explained variance up to 35 % whereas this effect is 

missing for the exam. This result clearly indicates that the exam is part of the study conditions 

and that the exams at the different universities and in the different courses of study must be 

different, too. Further analyses show that not the content but the different difficulty of the exams 

contribute to this finding. 
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TESTING STUDENT CONCEPTUAL UNDERSTANDING 

OF ELECTRIC CIRCUITS AS A SYSTEM 
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Abstract: Often, profound misconceptions prevent students to get a firm grasp of basic 

concepts in electricity. Identifying and removing these blocking stones is the key to 

progress in physics education. Straightforward knowledge tests are generally not suitable 

to identify these misconceptions as students might arrive at the right answer in a test, but 

based on wrong assumptions. Therefore, there is need for conceptual understanding tests 

which are useful in diagnosing the nature of students’ misconceptions related to simple 

electric circuits and in consequence, can serve as a valid and reliable measure of students’ 

qualitative understanding of simple electric circuits. As ordinary multiple choice tests 

with one-tier were highly criticized in overestimating the students’ right correct as well as 

wrong answers, two- and three-tier tests were developed by researchers. Although, there 

is much research related to students’ conceptions in basic electricity, there is a lack of 

instruments for testing electricity concepts of students at grade 7, especially addressing 

an electric circuit as a system. To address this gap, the context of the present study is an 

extension to the development of an already existing instrument developed by the author 

for testing electricity concepts of students, specifically focusing on only two specific 

aspects in depth: first, to develop three-tier items for figuring out sequential reasoning, 

and second, to distinguish between misconceptions and lack of knowledge. The 

participants of the study included 339 secondary school students from grade 7 to 12 after 

instruction about electricity. Surprisingly, there are no dependences on students’ 

misconceptions neither according to their gender nor to their age. In conclusion, the 

findings of the study suggest that four items for uncovering students’ difficulties viewing 

an electric circuit as a system can serve as a valid and reliable measure of students’ 

qualitative understanding of the systemic character of an electric circuit.  

Keywords: three-tier concept test, electric circuit as a system, uncovering students’ 

conceptual understanding 

 

THEORETICAL BACKGROUND   

Research findings suggest that there are three categories of student difficulties in basic 

electricity: inability to apply formal concepts to electric circuits, inability to use and 

interpret formal representations of an electric circuit, and inability to qualitatively argue 
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about the behavior of an electric circuit (McDermott & Shaffer, 1992). Misconceptions 

are strongly held and stable cognitive structures, which differ from expert conception and 

affect how students understand scientific explanations (Hammer, D. (1996). Students 

may have various, often pre-conceived misconceptions about electricity, which stand in 

the way of learning. The most two resistant obstacles seem to be the conception to view a 

battery as a source of constant current and to not consider a circuit as a system (Dupin & 

Johsuam, 1987).  Closset (1983) introduced the term sequential reasoning which appears 

to be widespread among students (Shipstone, 1984).  There is some evidence that 

sequential reasoning at least partially id developed at school (Shipstone, 1988). and 

reinforced by the teacher (Sebastia, 1993). Using the metaphor of a fluid in motion 

(Pesman & Eryilmaz, 2010) and highlighting that electricty leaves the battery at one 

terminal and goes to turn on the different components in the circuit successively does not 

support students in order to view a circuit as a system (Brna, 1988). On the contrary, this 

linear and temporal processing prevents students from making functional connections 

between the elements of a circuit and from viewing the circuit structure as a unified 

system (Heller & Finley, 1992). Surprisingly, research findings do not indicate a different 

development of sequential reasoning according to age and teaching levels (Riley et al., 

1981). Similar conceptions are also hold by adults and some teachers (Bilal & Erol, 

2009).   

Therefore, there is need for diagnosis instrument to get informed about students’ 

preconceptions and also for evaluating the physics classroom. In order to identify and 

measure students’ misconceptions about electricity different approaches have been made. 

In contrast to interviews, diagnostic multiple choice tests can be immediately scored and 

applied to a large number of subjects. Pesman and Eryılmaz (2010) used the three tier test 

methodology for developing the SECDT (Simple Electric Circuits Diagnostic Test). As 

ordinary multiple choice tests with one-tier were highly criticized in overestimating the 

students’ right as well as wrong answers, two- and three-tier tests were developed by 

researchers. Starting from an ordinary multiple choice question in the first tier, students 

are asked about their reasoning in the second tier, and respectively, students estimate 

their confidence about their answers in the third-tier. In view of lack of instruments for 

testing electricity concepts of students at grade 7 and for being suitable to the Austrian 

physics curriculum, the author already developed a diagnostic instrument with some two-

tier items for assessing students’ conceptual understanding as well as its potential use in 

evaluating curricula and innovative approaches in physics education (Urban-Woldron & 

Hopf, 2012).  

 

AIM AND RESEARCH QUESTIONS 

As already mentioned above, many students seem to be unable to consider a circuit as a 

whole system, where any change in any of the elements definitely affects the whole 
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circuit. In consequence, they often demonstrate ‘local reasoning’ by only focusing their 

attention on one specific point in the circuit and by ignoring what is happening elsewhere 

in the circuit. Additionally, students show ‘sequential reasoning’, by which they believe 

that when any dynamic change takes place in a circuit, only elements coming after the 

specific point are affected. However, the focus of the study is on revealing students’ ideas 

and explanations how electricity moves in a simple circuit including lamps and resistors 

connected in series and in what way they justify their answers. 

For gaining a correct vision of student understanding, it is crucial to get informed what 

students actually do not know and what kind of alternative conceptions they have. 

Therefore, also for the researcher the wrong answers and the associated explanations of 

the students are much more interesting and usable than the correct answers. 

Consequently, the context of this study is an extension to the development of an already 

existing instrument for testing electricity concepts of students at grade 7 on two specific 

aspects: first, to develop items for figuring out sequential reasoning, and second, to 

distinguish between misconceptions and lack of knowledge. The following two broad 

research questions were addressed: 

1. Do misconceptions related to understanding an electric circuit as a system depend on 

gender, level of education, respectively age, and/or the teacher?  

2. Can a three-tier multiple choice test be developed that is reliable, valid, and uncovers 

students’ misconceptions related to grasp an electric circuit as a system? 

 

METHOD 

In order to develop a reliable tool to identify students’ misconceptions related to 

understanding an electric circuit as a system, the author first conducted interviews based 

on literature review, both more structured ones and also with open-ended questions. In an 

initial stage a 10-item questionnaire was developed, including 10 two-tier items (meaning 

question plus follow-up question, an example is provided in figure 2). 

In first round of evaluation with 10 teachers and 113 students (grade 8, 58 f(emale), 15 

m(ale)), the questionnaire was reduced to 7 items, extending them with third tier asking 

for students‘ confidence when answering each question. After a test run with 339 students 

of grade 7 to grade 12 from secondary schools across Austria after formal instruction 

(183 f, 156 m, mean age 14.7 y(ears), S(tandard) D(eviation) 1.7 y) results were 

evaluated with the software programs SPSS and AMOS. In a polishing round, additional 

interviews were used to optimize the test items. To get the score for a two-tier item, a 

value of ‘1’ was assigned when both responses were correct. Furthermore, by examining 

specific combinations of answers other relevant variables were calculated to address 

students’ misconceptions. 
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Participants and Setting 

The participants of the study included 339 secondary school students from grade 7 to 12 

(183 female; mean age = 14.7 years, SD = 1.7; 18 forms, 7 schools) after instruction 

about electricity. Nine teachers were randomly asked to administer a paper and pencil test 

with 7 three-tiered items related to sequential reasoning to their students. Figure 1 shows 

the distribution of the students concerning their belonging to a particular grade.  

 

Figure 1: Distribution of students and grades 

Data Sources 

Firstly, based on preliminary results gained from interviews with open-ended questions, a 

questionnaire with ten two-tier items was developed and piloted with 113 students 

accompanied by clarifying interviews to get deeper insights about the students’ cognitive 

structures and reasoning. Consequently, four out of those ten items finally constituted the 

test instrument used in this present study, assessing students’ understanding of the 

systemic character of a simple electric circuit with three-tier items. In the following, the 

author presents a three-tiered item (see figure 2), asking questions related to very simple 

electric circuits; as we will see, there is ample space for misconceptions despite their 

simplicity. 

It has to be added here that the provided answers have not been thought up by the 

researcher but are based both on literature review and actual experiences with students. 

The first tier is a conventional multiple-choice question and the second tier presents some 

reason for the given answer on the first tier. Additionally, to distinguish between 

misconceptions and lack of knowledge, a third tier is implemented to examine how 

confident students are about their answers. 
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A lamp and two resistors are connected to a battery.  

a) What will happen to the brightness of the lamp if R1 is 
increased and R2 remains constant?  

  

  The brightness of the lamp decreases.  

  The brightness of the lamp remains constant.  

  The brightness of the lamp increases.  

b)   How would you explain your reasoning?  

    It is the same battery. Therefore, the same current is delivered.  

   A change of the resistor only influences the brightness of the lamp if the lamp is behind 

the resistor.  

   Any change of the resistor influences the brightness of the lamp independently of its 

position in the circuit.  

c)  Are you sure about your answer to the previous two questions?  

  highly certain       rather certain    rather uncertain    highly uncertain  

Figure 2: Sample Item A 

 

Data Analysis 

Starting with descriptive analyses, analyses of variance, confirmatory factor analyses, and 

regression analysis using the software SPSS and AMOS were conducted.  

 

RESULTS 

Obviously, the correct answer for item A (see figure 2) would be a1 and b3. 108 students, 

that are 33.4%, provide a correct answer to the first two tiers of item A.  A closer look to 

the numbers in table 1 shows that 51.7% or 167 students actually answered the first tier 

correctly, but 59 out of these 167 students or 35.3% provided a wrong reason. 

Consequently, more than one third of the correctly responding students on the first tier 

can be added to so-called false positives. On the other hand, 153 students chose the right 

distractor for the explanation, whereas only 70.6% of these students also gave a correct 

answer on the first tier. Therefore, we critically overestimate students’ knowledge if we 

only look at one tier.  Overall, 30 students are highly certain, 105 are rather certain, 88 

are rather uncertain, and 100 are highly uncertain about their answers. 37% of the highly 

certain students and 26% of the rather certain ones give the correct answer for the first 

and the second tier, whereas only 8% of the highly uncertain students answer this item 
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correctly. Table 1 gives an overview of the three answer options a1, a2, and a3 and the 

three associated alternatives b1, b2, and b3 for the reasoning.   

Table 1 

Distribution of answers and reasons for item A 

 

Next, three misconceptions figured out will be illustrated here:  

Misconception #1 (Answers a1, b2) 

In this misconception the student chooses the right answer, but based on the erroneous 

assumption that the lamp is behind the resistor when electricity is turning round the 

circuit from the positive to the negative terminal. 167 students give the right answer a1 

for the first tier, only 108 out of them also present the right reason b3 for their previously 

given answer whereas 55 students, who respond correctly on the first tier finally choose 

answer b2 on the second tier.  This is a prime example that a correct test answer is not yet 

proof that the student had really understood the underlying concept. 

Misconception #2 and #3 (Answers a2, b2 or b1) 

Here, the student probably thinks that a constant amount of current leaves the battery at 

the negative end and reaches the lamp before it arrives at the increased resistor. 36 out of 

92 students choosing a2 for the first tier pick out answer b2, indicating that they think 

sequentially. 49 students out of those 92 explain their reasoning by selecting b1, 

respectively, by viewing the battery as a source of constant current not considering any 

influence from the resistance on the intensity of current.  

10.9% out of the students who choose answer a3 are rather certain, 56.3 % are rather 

uncertain and 32.8% are highly uncertain. 6 out of 7 students who were rather certain 

choose answer b3. Consequently, this reasoning may indicate that those students do not 

have difficulties in viewing an electric circuit as a system but they do have a wrong 

concept about a resistor in general. Furthermore, the answers of the other students who 
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are rather or highly uncertain about their answers may point to the assumption that they 

simply guessed their answers.   

Table 2 

Possible combinations ‘axby’ 

 

Table 2 shows all nine possibilities for combinations of answers a1, a2 or a3 with 

explanations b1, b2 or b3 within the red-framed rectangle. Four out of these nine 

combinations can be attributed to specific physics concepts which can be described in the 

following way: a1b3 indicates correct answer and correct reasoning, a1b2 stays for 

correct answer and sequential reasoning, a2b2 hints at sequential reasoning, and a2b1 

displays that the battery is viewed as a source of constant current.   

 

 

Figure 3: Combination of answers in relation to students’ certainty  

In addition to the four students’ concepts mentioned above, figure 3 illustrates that all 

students who are highly certain only refer to one of these combinations. Whereas 70.6% 

of the highly certain students give the correct answer and also the correct explanation for 
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Item A (see figure 2), 17.7% think sequentially and 11.8% think that the battery is a 

source of constant current and therefore the resistor has no influence on the amount of 

current in the circuit. All other possible combinations are subsumed under ‘other’, 

depicted in yellow in figure 3. By looking at the yellow bars, it can be assessed that the 

students tend to choose a combination which cannot be easily attributed to a specific 

concept when they are not certain about their thinking and probably simply guess.   

   

Figure 4: Dependence of correct answers and explanations on the teacher 

Furthermore, analyses of variances indicate that the number of correct answers 

significantly depends on the single teacher (see figure 4). In detail the values for 

statistical evidence are: F (7, 338) = 2.75 and p = .009 for item A, F (7, 338) = 2.63 and p 

= .012 for item B, F (7, 338) = 5.20 and p = .000 for item C and F (7, 338) = 2.12 and p = 

.013 for item D. Whereas for example, less than 20% of all students of teacher T1 can 

give correct answers and explanations for items A, B, C and D, significantly more than 

37% of all students of teacher T5 can give correct answers and explanations for all four 

items.  

 

Figure 5: Latent Variable ‘sequential reasoning’ 
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Construct validity was evaluated through factor analysis. Confirmatory factor analysis 

with AMOS, using the maximum-likelihood-method and including specific combinations 

of answers due to the first and second-tier of four different test items, resulted in a ²-

value of 5.805, which was not significant (p = .221). Therefore, a latent variable 

‘sequential reasoning’ could be established (see figure 5). This variable can explain up to 

52% of the variance of the single items. 

A resistor and two lamps are connected to a battery.  

a) What will happen to the brightness of the lamps if R is increased ?   

  L1 remains constant, L2 decreases.  

 

  L1 decreases, L2 remains constant.  

  The brightness of both lamps increases.  

  The brightness of both lamps decreases.  

  The brightness of both lamps remains constant.  

b)   How would you explain your reasoning?  

  A change of the resistor only influences the brightness of the lamp if the lamp is behind the resistor.  

   Any change of the resistor influences the brightness of both lamps.  

   It is the same battery. Therefore, the same current is delivered.  

  Both lamps have a direct connection to the battery. Therefore, the resistor has no effect on the 

lamps.  

c)  Are you sure about your answer to the previous two questions?  

  highly certain       rather certain    rather uncertain    highly uncertain  

Figure 6: Item D 

Furthermore, findings from ANOVA reveal a main effect for correct answers concerning 

all four items A to D on the particular school, respectively on the particular teacher. 

Surprisingly, there are no dependences on students’ conceptions neither according to their 

gender nor to their age.  

Finally, regression analysis, where items A to C were used to predict sequential reasoning 

for item D (see figure 6), suggests that those three factors together explain 31% of the 

variance for item D (F (3, 338) = 49.89, p < .0001) and are significant individual 

predictors of students’ sequential reasoning at item D.    
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CONCLUSIONS AND IMPLICATIONS 

In conclusion, the findings of the study suggest that four items for uncovering students’ 

difficulties viewing an electric circuit as a system can serve as a valid and reliable 

measure of students’ qualitative understanding of the systemic character of an electric 

circuit. Obviously, if researchers and/or teachers use only one tier in a multiple choice 

instrument, they definitely overestimate correct answers and in consequence, gain of a 

wrong vision of student understanding. The present instrument can be used as a tool both 

for teachers and researchers to gain a correct vision of student understanding. It can be 

easily administered to a large number of students and could be used as a research tool for 

assessing new curriculum materials or teaching strategies. Although there is some 

evidence that the conceptual test is reliable, valid and objective, there have to be a few 

improvements. Additional interviews highlighted that it may not be perfectly 

comprehensible for students what is meant with the wording on the third tier. As the case 

may be, it is reasonable that a student is very confident about his or her answer on the 

third tier but contrary not about his or her given explanations on the second tier. 

Furthermore, the interviews revealed that some of the teachers tend to introduce the 

direction of the current from the positive to the negative terminal of the battery, whereas 

others use the direction of the negative charges from the positive to the negative pole. 

Therefore, further improvements of the conceptual test instrument will take these 

limitations of the present study into consideration. Definitely, there have to be found 

ways to inform teacher education and continuing teacher professional development with 

research findings related to students’ conceptions to close the research-practice gap and 

consequently progress in physics education.  
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Abstract: The acquisition of experimental skills is widely regarded as an important part of sci-

ence education. Models describing experimental skills usually distinguish between three dimen-

sions of an experiment: preparation, performance and data evaluation. Valid assessment proce-

dures for experimental skills have to consider all these three dimensions. Hands-on tests can es-

pecially account for the performance dimension. However, in large-scale assessments the analysis 

of students’ performances is usually only based on the products of the experiments. But does this 

test format sufficiently account for a student’s ability to carry out experiments? A process-

oriented analysis that considers the quality of students’ actions, e.g. while setting up an experi-

ment or measuring, provides a broader basis for assessments. At the same time it is more time-

consuming. In our study we compared a process-oriented and a product-oriented analysis of 

hands-on tests. Results show medium correlations between both analysis methods in the perfor-

mance dimension and rather high correlations in the dimensions preparation and data evaluation. 

 

Keywords: experimental skills, assessment, process-oriented analysis, product-oriented analysis, 

science education 

 

 

BACKGROUND AND FRAMEWORK 

The acquisition of experimental skills is widely regarded as an important part of science educa-

tion (e.g. AAAS 1993, NRC 2012). Thus, there is a demand for assessment tools that allow for a 

valid measurement of experimental skills. In our study we compared a process-oriented and a 

product-oriented analysis of students’ performances in hands-on tests. The test instrument refers 

to a specific model of experimental skills. 

 

Modelling experimental skills 
In the literature there is a broad consensus concerning typical experimental skills, like “create an 

experimental design”, “set up an experiment”, “observe / measure” and “interpret the results” 

(e.g. NRC 2012, DEE 1999). These skills can be assigned to three dimensions of an experimental 

investigation: “preparation”, “performance” and “data evaluation”. Most models of experimental 

skills are structured along these three dimensions with different accentuations (Klahr & Dunbar 

1988, Hammann 2004, Mayer 2007, Emden & Sumfleth 2012). 

Our model uses the three dimensions, too. In contrast to other models, it accentuates the perform-

ance dimension (Figure 1 adapted from Schreiber, Theyßen, & Schecker 2009). 
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At school, an experimental question is usually given to the students and not developed by them. 

So students have to interpret and clarify the given task. In non-cookbook types of situations, stu-

dents have to create the experimental design themselves. During the performance, students set up 

the experiment, they measure and document data. During data evaluation, students process data, 

give a solution and interpret the results. This description might suggest a linear order of steps. 

However, this is not intended. The steps can occur in different orders and loops. 

 

Measuring experimental skills 

Written tests are established instruments to assess experimental skills. But especially with regard 

to the performance dimension, their validity is in question (e.g. Shavelson, Ruiz-Primo, & Wiley 

1999). Other approaches for the assessment of performance skills seem to be necessary (Ruiz-

Primo & Shavelson 1996, Stebler, Reusser & Ramseier 1998, Garden 1999). Here, hands-on tests 

show their potential. However, in large-scale assessments the analysis of students’ performance 

in experimental tasks is usually only based on the products of experimenting, mostly documented 

in lab sheets (e.g. Stebler, Reusser, & Ramseier 1998, Ramseier, Labudde & Adamina 2011, Gut 

2012). The processes of experimentation, like setting up the apparatus and making measure-

ments, are considered only indirectly, insofar as they affect the products. 

On the one hand, it is in question whether a product-oriented analysis which neglects process as-

pects of experimenting yields adequate ratings compared to a process-oriented analysis. On the 

other hand, a process-oriented analysis that considers the quality of students’ actions in the per-

formance dimension (e.g. Neumann 2004) is very resource-consuming. In order to justify the ad-

ditional effort for a process based analysis, it has to be shown that ratings from a product-based 

analysis are insufficient predictors for ratings from a process-based analysis of the same hands-on 

test – at least for the performance phase. 

 
Figure 1: Model of experimental skills: 3 dimensions, 6 components (adapted from Schreiber, 

Theyßen & Schecker 2009). 
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RATIONALE AND METHODS 

Hypotheses 

In our study we investigate correlations between ratings from a product-based and a process-

based analysis of students performances in hands-on tests. In the performance dimension students 

get direct feedback from the experimental setup. A non-functional electric circuit e.g. may result 

in a series of changes, until the setup finally works. The lab sheet will only show the final result. 

Similar processes may occur during measurement. A product-based analysis only evaluates the 

documented (i. e. usually the final) results, while a process-based approach looks at the chain of 

students’ actions. Our first hypothesis is: 

 

H1: Concerning the performance dimension, ratings from a product-oriented analysis are not 

highly correlated with scores from a process-oriented analysis. 

 

Students prepare the experiment and evaluate their data mostly in written form, without handling 

experimental devices. We assume a close relationship between what they do and what they 

document. Thus, our second hypothesis is: 

 

H2: Concerning the preparation and evaluation of the experiment, ratings from a product-

oriented analysis are highly correlated with scores from a process-oriented analysis. 

 

As a high correlation we define a correlation above 0.7 (Kendall Tau-b) 

 

Methods 

Tasks 

For the comparison of the product- und process-based analysis we developed two experimental 

tasks for the domain of electric circuits in secondary school curricula (Schreiber et al., 2012). The 

first task is “Here are three bulbs. Find out the one with the highest power at 6 V”. In the second 

task the students get a set of wires and have to find the best conductor from three metals. Students 

have a set of apparatus and a pre-structured lab sheet at their disposal. The lab sheet is structured 

along our model of experimental skills, requesting to plan a suitable experiment, assemble the 

experimental setup, perform measurements, evaluate the data and draw conclusions. Both tasks 

are open-ended and the students have to structure their paths towards the solutions on their own. 

They are only assisted by written information on the necessary physics content knowledge.  

 

Design 

Table 1 shows the design of the study. It was embedded in a more extensive study concerning the 

comparison of different assessment tools for experimental skills (Schreiber 2012). 
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Table 1 

Design of the study 

 
138 upper secondary students, aged about 16 to 17, took part in this study. In a pre-test we meas-

ured personal variables that are supposed to have an influence on students’ test performances: 

cognitive skills, self-concept concerning physics and experimenting in physics, and the content 

knowledge in the field of electricity. Established tests and questionnaires were adapted for this 

pre-test (Heller & Perleth 2000, Engelhardt & Beichner 2004, von Rhöneck 1988, Brell 2008). In 

the hands-on test the students worked on one of the two tasks described above. The use of two 

different tasks was due to the design of the more extensive project into which this study was em-

bedded. The students were assigned to the two groups based on their pre-test results in such a 

way that a sufficient and similar variance of the personal variables was realized in both groups.  

In a training session the students were introduced to the hands-on test (structures of the tasks and 

handling of the devices). The training task was also taken from the domain of electric circuits 

(measuring the current-voltage characteristic of a bulb).  

In the hands-on test, students worked with a set of electric devices and a pre-structured lab sheet 

(Figure 2, task 1). In the situation shown in Figure 2, the student documents his (inadequate) 

setup with two multimeters, a battery and a bulb in the lab sheet. The pre-structured lab sheet 

demands to clarify the question, to document the setup, to perform measurements and to interpret 

the results. Students can choose when and in which order they fill in the sheet. The lab sheet does 

not specify a particular solution or approach. 

Students’ actions were videotaped and the lab 

sheets were collected.  

 

Process-oriented analysis 

The videos and the lab sheets were analysed ac-

cording to the components of experimenting 

shown in Figure 1. The process-oriented analysis 

leads to a quality index for each student in each 

of these assessment categories. In a first step 

students’ actions in the videotape are assigned to 

one of the six components. A second step of 

analysis codes the qualities of intermediate sta-

ges (e.g. whether an experimental setup is cor-

pre-test –  cognitive skills, content knowledge, self-

concept 
45 min 

training – introducing the hands-on test 20 min 

Hands-on tests  

group 1 and task 1        

highest power 

group 2 and task 2 

best conductor 
30 min 

 

 
Figure 2: A student performed task 1 with 

the hands-on test.  
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rect, imperfect or wrong) and the development (e.g. whether an imperfect setup is detected and 

improved) (cf. Schreiber, Theyßen & Schecker 2012, Theyßen et al. 2013). The flow chart in 

Figure 3 illustrates an example of how the rating decisions are made. The result is a quality index 

on an ordinal scale with five levels. To secure validity and reliability of this analysis, several 

studies with high inferent expert-ratings and interviews were conducted (details: Dickmann 2009, 

Holländer 2009, Fichtner 2011, Dickmann, Schreiber & Theyßen 2012, Schreiber 2012). The 

evaluation of double coding yields a high objectivity of the ratings (Cohen’s Kappa   .67). 

 
 

Product-oriented analysis 

For the product-oriented analysis only the students’ documentations in the lab sheets were ana-

lysed with regard to the same six model components (skill in Figure 1). Each entry in the lab 

sheet is directly associated with an assessment category. The single criterion is the correctness of 

the entry. A development cannot be assessed since in most cases only one result is documented in 

the sheets. Thus, using the formal analysis scheme (Figure 3), in the product-oriented analysis 

only the levels 1, 2, and 5 can be scored. Again the objectivity in each assessment category is sat-

isfying (Cohen’s Kappa >.62). 

 

RESULTS 

To test the hypotheses, rank correlations (Kendall-Tau b, ) between the quality parameters from 

the product-oriented and the process-oriented analysis were calculated for each category (Tab. 2). 

In all the four assessment categories that can be assigned to the preparation and the evaluation 

dimensions, the correlations are high (       . For components of the performance dimension, 

we found only medium or low correlations (       . Thus, both hypotheses can be confirmed. 

 

The high correlations in the planning and data evaluation dimensions can be explained by the 

data basis: In these dimensions the process-oriented analysis also refers mainly to the documenta-

tions in the lab sheets. Only in a few cases the videos provided further information concerning 

 
Figure 3: Formal analysis scheme of the sequence analysis specified for setup skills. 

Strand 11 Evaluation and assessment of student learning and development

2059



developments. Thus, 

regardless of the 

method of analysis, 

in the dimensions of 

planning and data 

evaluation the scores 

1, 2 and 5 dominate. 

In contrast, in both 

assessment categories 

belonging to the per-

formance dimension 

the process-oriented 

analysis largely prof-

its from the videos. 

The videos provide 

relevant information 

about the develop-

ments while the students work on the set up and make measurements. The low correlations be-

tween the process-oriented and the product-oriented analysis are obviously caused by an informa-

tion gap between the documented setups and measurements on the one hand and the actual setup- 

and measurement-processes in the video on the other hand. 

 

A further result can be derived from Table 2: the sample size per category decreases over the 

course of the experiment. Whereas 138 students clarified the questions and created an experi-

mental design in the beginning, only 117 students interpreted the results in the end. This is a no-

ticeable dropout of about 15 %. The reason is the use of an open task format (Fig. 2). The stu-

dents had to structure the approach on their own and without any assistance. Students who e.g. 

did not complete the setup were in the following not able to measure and to document data. 

 

CONCLUSIONS 

We draw two conclusions from our results: 

1. Comparison of a process-oriented and a product-oriented analysis 

A product-oriented analysis seems to be sufficient to analyse students’ skills of preparing an ex-

periment and evaluating data. But in order to account for performance skills adequately, hands-on 

tests with a process-oriented analysis of students’ actions seem to be necessary. These findings 

should be considered for the development of more valid assessment procedures. 

2. Open task format and sample size  

The use of an open task format in testing experimental skills (“Find out …”) causes a noticeable 

dropout of students during the test. For assessing the full range of experimental skills, we suggest 

a guided test with non-interdependent sub-tasks. Each sub-task should refer to a specific experi-

mental skill. To allow for a non-interdependent assessment, the item should present a sample so-

lution of the preceding step, e.g. a measurement-item should provide a complete experimental 

setup. We have started to work on such a test format.  

Table 2 

Correlations (Kendall-Tau b, ) between a product-oriented and a pro-

cess-oriented analysis. The correlations are highly significant (
**

) or 

significant (
*
). The assessment categories are assigned to the three ex-

perimental dimensions: preparation, performance and data evaluation. 

n: sample size.  

dimension assessment categories  n 

preparation apprehend the task .877
**

 138 

create the experimental design .728
**

 138 

performance set up the experiment .499
**

 130 

perform & document measurements .221
**

 122 

data evalua-

tion 

process the data & give a solution .960
**

 122 

interpret the results .775
**

 117 
 

Strand 11 Evaluation and assessment of student learning and development

2060



REFERENCES 

American Association for the Advancement of Science (AAAS) (Ed.) (1993). Benchmarks for 

Science Literacy. New York: Oxford University Press. 

Brell, C. (2008). Lernmedien und Lernerfolg - reale und virtuelle Materialien im Physikunter-

richt. Empirische Untersuchungen in achten Klassen an Gymnasien zum Laboreinsatz mit 

Simulationen und IBE. In H. Niedderer, H. Fischler & E. Sumfleth (Eds.), Studien zum 

Physik- und Chemielernen, Vol. 74. Berlin: Logos. 

Department for Education and Employment (DEE) (Ed.) (1999). Science - The National Curricu-

lum for England. London: Department for Education and Employment. 

Dickmann, M. (2009). Validierung eines computergestützten Experimentaltests zur Diagnostik 

experimenteller Kompetenz (unpublished bachelor thesis). Dortmund: Technische Univer-

sität Dortmund. 

Dickmann, M., Schreiber, N. & Theyßen, H. (2012). Vergleich prozessorientierter Auswertungs-

verfahren für Experimentaltests. In S. Bernholt (Ed.), Konzepte fachdidaktischer Strukturi-

erung für den Unterricht, (pp. 449–451). Münster: LIT. 

Emden, M. & Sumfleth, E. (2012). Prozessorientierte Leistungsbewertung des experimentellen 

Arbeitens. Zur Eignung einer Protokollmethode zur Bewertung von Experimentierprozessen. 

Der mathematische und naturwissenschaftliche Unterricht (MNU), 65 (2), 68-75. 

Engelhardt, P. V. & Beichner, R. J. (2004). Students’ understanding of direct current resistive 

electrical circuits. American Journal of Physics 72 (1), 98–115. 

Fichtner, A. (2011). Validierung eines schriftlichen Tests zur Experimentierfähigkeit von 

Schülern (unpublished master thesis). Bremen: Universität Bremen. 

Garden, R. (1999). Development of TIMSS Performance Assessment Tasks. Studies in Educa-

tional Evaluation 25(3), 217–241. 

Gut, C. (2012). Modellierung und Messung experimenteller Kompetenz. Analyse eines large-

scale Experimentiertests. In H. Niedderer, H. Fischler & E. Sumfleth (Eds.), Studien zum 

Physik- und Chemielernen, Vol. 134. Berlin: Logos. 

Hammann, M. (2004). Kompetenzentwicklungsmodelle: Merkmale und ihre Bedeutung - 

dargestellt anhand von Kompetenzen beim Experimentieren. Der mathematische und natur-

wissenschaftliche Unterricht 57(4), 196–203. 

Heller, K. A. & Perleth, C. (2000). Kognitiver Fähigkeitstest für 4.-12. Klassen, Revision (KFT 

4-12+ R). Göttingen: Hogrefe. 

Holländer, L. K. (2009). Validierung eines Experimentaltests mit Realexperimenten zur Diag-

nostik experimenteller Kompetenz (unpublished bachelor thesis). Dortmund: Technische 

Universität Dortmund. 

Klahr, D. & Dunbar, K. (1988). Dual Space Search During Scientific Reasoning. Cognitive Sci-

ence 12, 1–48. 

Neumann, K. (2004). Didaktische Rekonstruktion eines physikalischen Praktikums für Physiker. 

In H. Niedderer, H. Fischler & E. Sumfleth (Eds.), Studien zum Physik- und Chemielernen, 

Vol. 38. Berlin: Logos. 

Strand 11 Evaluation and assessment of student learning and development

2061



Mayer, J. (2007). Erkenntnisgewinnung als wissenschaftliches Problemlösen. In D. Krüger & H. 

Vogt (Eds.), Theorien in der biologiedidaktischen Forschung (pp. 177-186). Berlin, Heidel-

berg: Springer. 

National Research Council (NRC) (Ed.) (2012). A Framework for K-12 Science Education: Prac-

tices, Crosscutting Concepts, and Core Ideas. Washington, DC: The National Academies 

Press. 

Ramseier, E., Labudde, P. & Adamina, M. (2011). Validierung des Kompetenzmodells HarmoS 

Naturwissenschaften: Fazite und Defizite. Zeitschrift für Didaktik der Naturwissenschaften, 

17, 7–33.  

Ruiz-Primo, M. A. & Shavelson, R. J. (1996). Rhetoric and Reality in Science Performance As-

sessments: An Update. Journal of Research in Science Teaching 33 (10), 1045–1063. 

Schreiber, N. (2012). Diagnostik experimenteller Kompetenz - Validierung technologiegestützter 

Testverfahren im Rahmen eines Kompetenzstrukturmodells. In H. Niedderer, H. Fischler & 

E. Sumfleth (Eds.), Studien zum Physik- und Chemielernen, Vol. 139. Berlin: Logos. 

Schreiber, N., Theyßen, H., Schecker, H. (2009). Experimentelle Kompetenz messen?! Physik 

und Didaktik in Schule und Hochschule, 8 (3), 92-101. 

Schreiber, N., Theyßen, H. & Schecker, H. (2012). Experimental Competencies In Science: A 

Comparison Of Assessment Tools. In C. Bruguière, A. Tiberghien & P. Clément (Eds.), E-

Book Proceedings of the ESERA 2011 Conference, Lyon France. Retrieved from: 

http://www.esera.org/media/ebook/strand10/ebook-esera2011_SCHREIBER-10.pdf 

(29.11.2013). 

Shavelson, R. J., Ruiz-Primo, M. A. & Wiley, E. W. (1999). Note on Sources of Sampling Vari-

ability in Science Performance Assessments. Journal of Educational Measurement, 36 (1), 

61-71. 

Stebler, R., Reusser, K. & Ramseier, E. (1998). Praktische Anwendungsaufgaben zur integrierten 

Förderung formaler und materialer Kompetenzen - Erträge aus dem TIMSS-

Experimentiertest. Bildungsforschung und Bildungspraxis 20 (1), 28–54. 

Theyßen, H., Schecker, H., Gut, C., Hopf, M., Kuhn, J., Labudde, P., Müller, A., Schreiber, N., 

Vogt, P. (2013). Modelling and Assessing Experimental Competencies in Physics. In C. 

Bruguière, A. Tiberghien & P. Clément (Eds.), 9th ESERA Conference Contributions: Top-

ics and trends in current science education - Contributions from Science Education Research 

(pp. 321–337). Dordrecht: Springer. 

von Rhöneck, C. (1988). Aufgaben zum Spannungsbegriff. Naturwissenschaften im Unterricht - 

Physik/Chemie, 36(31), 38–41. 

 

Strand 11 Evaluation and assessment of student learning and development

2062



 

MODELLING AND ASSESSING EXPERIMENTAL 

COMPETENCE: 

AN INTERDISCIPLINARY PROGRESS MODEL FOR 

HANDS-ON ASSESSMENTS 

 

Susanne Metzger, Christoph Gut, Pitt Hild, and Josiane Tardent 

Zurich University of Teacher Education 

 

Abstract: On the lower secondary level in Swiss schools, biology, chemistry, and physics 

usually are taught as one subject. Accordingly, the national education standards do not 

differentiate between the three sciences. In order to assess standards of experimental 

competence, we developed a model that spans all three sciences. In this model, 

experimental competence is structured by sub-dimensions referring to experimental 

problem types such as «categories conducted observation», «measurement with a given 

scale», «scientific investigation», «experimental comparison», or «constructive problem 

solving». The progression of competence is modelled for each problem type separately, 

differentiating three to five levels in terms of quality standards. In a first attempt to validate 

the progress model six tasks for «categories conducted observation» and «measurement 

with a given scale» have been developed. A pilot test was administered to 250 students 

(grade 7, 8, and 9) of different levels. The results of the pilot test affirm that the 

progression model can be applied reasonably to all three sciences. The tasks can be 

standardised well with respect to the test sheet structure, question formats, and textual 

demands. Both, the structure of our model and the hierarchy of quality standards seem to 

be applicable.  

 

Keywords: science, experimental competence, hands-on assessment, lower secondary 

school, Switzerland 

 

 

INTRODUCTION 

In Swiss schools, science usually is taught as one subject on the lower secondary level. 

Accordingly, the national education standards do not differentiate between biology, 

chemistry, and physics. Within the Swiss project HarmoS (Labudde et al., 2012) an 

interdisciplinary structure model of scientific competence was developed. The validation 

of the model by a large-scale hands-on test showed that the progression of experimental 

competence cannot be explained post hoc (Gut, 2012). Based on these results, we 

developed a new interdisciplinary normative progression model for experimental 

competence for practical assessments. In this paper, the model and first results of the 

validation by pilot assessments are presented. 
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RATIONALE 

According to Schecker & Parchmann (2006) there are different purposes of normative 

competence models: Such models should help to define competence by determining 

structure and progression. They should be practical in formulating adequate standards for 

experimenting in school science and useful for teacher education. They should also provide 

an appropriate basis for the development of valid and reliable assessments of students’ 

performance (e.g. Kauertz et al., 2012; Lunetta et al., 2007). In order to attain these goals, 

four kinds of a priori decisions have to be made when experimental competence is 

modelled. First, one has to define which scientific problems are to be standardised and 

assessed. Second, one has to decide how competence may be decomposed in sub-

dimensions. In the often-used process approach, problem solving is conceived as a linear 

chain of processes (Murphy & Gott, 1984), such as formulating a hypothesis, planning and 

carrying out experiments, and analysing data (Emden & Sumfleth, 2011). Alternatively, 

one can differentiate between types of problems. The solution of each type demands 

specific knowledge and skills (Millar et al., 1996). Therefore, each solution is scored by 

typical scoring schemes and criteria (Ruiz-Primo & Shavelson, 1996). Thirdly, it has to be 

decided whether the progression of competence is modelled in terms of task complexity 

(e.g. Wellnitz et al., 2012), or in terms of quality criteria that standardised problems are 

solved with (Millar et al., 1996), or in terms of both simultaneously. The fourth decision 

concerns the kind of assessment (hands-on, simulation, or paper and pencil test) by which 

the competence is to be measured. Of course, these four decisions are not independent of 

each other. The process approach leads to a restricted view of experimental activities, 

excluding engineering tasks for instance. Also, considering the variety of problem types, 

the complexity cannot be empirically explained based upon one single progression model 

(Gut, 2012). 

 

MODEL OF EXPERIMENTAL COMPETENCE 

In order to attain the goals above, we developed a competence model on the basis of the 

following principals: In our conception, experimental competence refers only to problems 

with an authentic hands-on interaction, involving scientific questions as well as 

engineering tasks. Experimental competence is structured by sub-dimensions referring to 

various problem types such as «categories conducted observation», «measurement with a 

given scale», «scientific investigation», «experimental comparison», or «constructive 

problem solving». As we already mentioned before, the progression of competence is 

modelled for each problem type separately differentiating three to five levels in terms of 

quality standards for the solution of a standardised problem. These quality standards 

correspond to different subtasks. For example, the basic problem of «measurement with a 

given scale» is to measure a property of an object with given instruments as precisely as 

possible. The students have the options to repeat measurements and to select an instrument. 

The options correspond to different dimensions of the openness of a problem (Priemer, 

2011). Using these options appropriately, students can reach higher progression levels, as 

shown in figure 1. 
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Figure 1: Progression model for the problem type «measurement with a given scale»; the 

hierarchy of quality standards is set a priori. 

 

METHOD  

For the first internal validation six tasks have been developed: three tasks for «categories 

conducted observation» and three tasks for «measurement with a given scale» within 

selected topics in biology, chemistry, and physics. An example for the problem type 

«measurement with a given scale» in physics is the task «thread», where students should 

find out at what force a thread breaks. They get a thread, scissors, two different spring 

scales (A and B) and a calculator. Students are asked to think about how they could answer 

the question, with which instrument they can do it best and how many measurements 

would be necessary. After finding the result they have to draw or write down, how they did 

the measurement. In addition they are explicitly asked to tell with which instrument they 

did the measurement. Afterwards they are asked to estimate how exact the measurement is 

and how they could improve it. At the end, there are some control questions, such as which 

spring scale they used or if they calculated a mean and how they did it. 

 

The pilot assessment has been administered to 250 students of different grades (7, 8, and 9) 

and levels of the lower secondary school, especially to low achievers. In the following, 

«low level» indicates the lowest achievement level, whereas «high level» indicates the 

highest level of the so called «Sekundarschule» (in Switzerland, «Gymnasium» is even 

higher). The students had to solve three tasks, each in 20 minutes. They worked on their 

own with printed test sheets on which they were asked to write down their answers and a 

brief report. Each task was coded by minimum two persons and as one single item, i.e. all 

answers have been evaluated as a whole: Several dichotomous quality criteria could be 
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achieved or not. These quality criteria were clustered to the quality standards (see figure 1) 

which could be achieved or not. To achieve a quality standard 50% or more of the quality 

criteria had to be achieved.  

 

The item score could be measured in two ways: On the one hand one can sum all achieved 

quality standards (unconditional level score: uLev). On the other hand one can use the 

hierarchy of quality standards and set the item score to that level, where all lower quality 

standards are achieved (conditional level score: cLev). E.g. if a student achieves quality 

standards 1, 2, 3 and 5 in a task, his unconditional level score would be uLev = 4 and his 

conditional level score would be cLev = 3. The advantage of conditional levelling is to get 

back information, which is lost by summing up scores.  

 

RESULTS 

The results of the first pilot assessment affirm that the progression model for the two 

problem types «categories conducted observation» and «measurement with a given scale» 

can be applied reasonably to all three science subjects. 1-dimensional Rasch analyses (with 

the program Winsteps) for each problem type show good item fits.  For conditional level 

score we found for the three tasks of «categories conducted observation» .96 < infit < 1.13 

and .82 <outfit < 1.24 and for the three tasks of «measurement with a given scale» .81 < 

infit < 1.22 and .76 <outfit < 1.32. At least for the «measurement with a given scale» 

sufficiently high reliability (> .6) is achieved. 

 

Structure of the model 

The low correlations between the two latent variables for «categories conducted 

observation» and for «measurement with a given scale» (unconditional levels: .404**; 

conditional levels: .368**) indicate that the structure of the model (i.e. differentiation of 

problem types) seems to be reasonable.  

For the problem type «categories conducted observation» three quality standards could be 

distinguished:  

1. single observation: correctness and completeness,  

2. identification of differences,  

3. identification of similarities.  

For «measurement with a given scale» five levels as showed in figure 1 could be found, 

but the a priori hierarchy of quality standards had to be changed: identifying sources of 

measurement errors seems to pose higher difficulties to students than documentation of 

results, measurement repetitions, and instrument selection. Therefore the new hierarchy of 

the progression model is:  

1. single measurement,  

2. documentation of results,  

3. measurement repetition,  

4. instrument selection,  

5. sources of measurement errors.  
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To validate these progressions we compared the frequencies of achieved quality standards 

for each task. As an example, figure 2 shows the frequencies of achieved quality standards 

for the task «thread». 

 

 
Figure 2: Frequencies of achieved quality standards for the task «thread», differentiated 

in four groups (low and high levels of grade 7 and 9 of the «Sekundarschule»).  

 

Figure 2 shows some misfits of the model: First, frequencies of every group should be 

smaller the higher (i.e. the more right on the x-axis) a quality standard is. Secondly, 

frequencies of high level groups of the same grade and also higher grade groups of the 

same level should be higher for every quality standard. Not each task shows the same 

misfits as shown in figure 2. But generally the differentiation and the hierarchy of level 3 

(multiple measurement) and 4 (instrument selection) is critical. More tests have to show, if 

these two levels have to be changed or put together. 

 

Validation of tasks 

The tasks can be standardised well with respect to the structure of the test sheet, the 

question formats, and textual demands. All tasks were coded by minimum two persons. On 

the level of quality criteria as well as on quality standards a high interrater correlation (>.8) 

can be achieved. Nevertheless, for «categories conducted observation» tasks more rater 

training is needed than for «measurement with a given scale» tasks.  

Separate 1-dimensional Rasch analyses with unconditional and with conditional levels 

show high correlations between the two scoring alternatives («categories conducted 

observation»:  .940**; «measurement with a given scale»: .847**). Therefore, in order to 

gain more information it seems to be reasonable to work with the unconditional levels 

instead of the conditional ones. 
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Students’ performance 

To make the results comparable, we transformed the item parameters to skill points. Based 

on PISA and other large scale assessments, we set the mean of all students of grade 9 to 

500 with a standard deviation of 100. Table 1 presents the results for the tasks of the 

problem types «categories conducted observation» and «measurement with a given scale». 

For «categories conducted observation», increases from grade 7 to 9 (high level) and from 

low to high level in grade 9 are significant with a value of almost a standard deviation. All 

increases from grade 7 to 9 (both levels) and from low to high level (in grade 7 and 9) are 

significant with a value of almost a standard deviation.  

 

Table 1 

Students’ performance for tasks of the problem types «categories conducted observation» (left) 

and «measurement with a given scale» (right). In each case is given the mean and the standard 

deviation in parenthesis. U stands for Mann-Withney-U-test, t for t-test and n.s. for not 

significant.  

«categories 
conducted 

observation» 
low level  high level 

grade 7 437 (79) n.s. 452 (93) 

 n.s. 
 

U: .006 

grade 9 459 (86) t: .011 537 (99) 

 

«measure-
ment with a 
given scale» 

low level  high level 

grade 7 365 (101) U: .000 450 (107) 

 U: .000 
 

U: .008 

grade 9 458 (83) t: .009 538 (101) 

 

With these results we can assign the students to the levels shown in table 2. 

  

Table 2 

Allocation of students’ performance to quality standard levels for tasks of the problem types 

«categories conducted observation» (left) and «measurement with a given scale» (right). 

«categories 
conducted 

observation» 
low level high level 

grade 7 I I 

grade 9 I II 

 

«measure-
ment with a 
given scale» 

low level high level 

grade 7 I II 

grade 9 II IV 

 

 

For «categories conducted observation», students in grade 7 and in the low level of grade 9 

achieve level I, i.e. they observe a phenomenon correct and complete. Only high level 

students of grade 9 achieve level II, i.e. they also identify differences between two 
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observations. For «measurement with a given scale», low level students in grade 7 achieve 

level I, i.e. they measure correct. High level students of grade 7 and low level students of 

grade 9 achieve level II, i.e. they also prepare a well documentation of results. Finally, high 

level students of grade 9 attain level IV, i.e. in addition they repeat measurements and 

select the right instruments. 

 

CONCLUSION AND OUTLOOK 

The results of the first pilot assessment suggest that the model works: On the one hand, 

«categories conducted observation» and «measurement with a given scale» can be 

discerned as two different problem types, so the structure of our model (i.e. differentiation 

of problem types) seems to be applicable. On the other hand, we can show a hierarchy of 

quality standards for «measurement with a given scale» as well as for «categories 

conducted observation», so the progression of out model seems also to be applicable. 

Nevertheless, it has to be mentioned that these results are based on a sample of 250 Swiss 

students. Currently further internal validation are undertaken for other problem types such 

as «scientific investigation» and «experimental comparison». These results are expected in 

spring 2014.  

Because of the low number of test items a quantitative analysis of the pilot test is 

problematic. For a valid assessment, it is planned to develop more tasks and to assess these 

with larger student samples. 
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EFFECTS OF SELF-EVALUATION ON STUDENTS’ 

ACHIEVEMENTS IN CHEMISTRY EDUCATION 
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Abstract: The purpose of this paper is to investigate the effects of a self-evaluation 

sheet on students’ learning outcomes when they work in an individualised learning 

unit. Therefore, this study followed a pre/post/follow-up design with the usage of the 

self-evaluation sheet as the experimental factor. The chemistry performance 

concerning the topic chemical reaction was assessed by a multiple-choice test. 

Additionally, the feelings towards the unit were measured by a feedback 

questionnaire. This study was carried out with secondary education students (Grade 7, 

N = 234), who were assigned to the two groups. The control group worked in the 90-

minute individualised teaching unit without the self-evaluation sheet, the self-

evaluation group worked with the self-evaluation sheet in the lesson. The results 

showed that students of the self-evaluation group achieved higher learning outcomes 

than students of the control group; immediately after the learning unit as well as after 

four weeks. Furthermore, the results indicated that there seem to be more positive 

feelings towards the learning unit when students work with the self-evaluation sheet. 

 

Keywords: self-evaluation, self-regulated learning, individualised teaching 

 

INTRODUCTION 

Individualised teaching has been featured in most education acts of Germany since 

2005. The implementing of individualised teaching seems to be problematic: firstly, 

there is no consensus about the definition of individualised teaching in literature; 

secondly, there is insufficient learning material especially in the field of science 

education. Further problems are caused by the general framework of the German 

school system: teachers do not have time to create new learning material, and even 

less in an individualised way for each student. Beyond that, research on individualised 

teaching reveals that those methods increase the learning outcomes of high achieving 

students only. To sum up, more research concerning the effectiveness of 

individualised teaching methods, and ways to support the learning process of every 

student is needed. In addition, learning material for individualised teaching has to be 

developed and evaluated. This study was aiming at two aspects: firstly, it developed 

and evaluated a self-evaluation sheet as a diagnostic instrument and a newly 

constructed learning unit for individualised chemistry education, in which the work 

with self-evaluation is embedded; secondly, it explored the effects of this diagnostic 

tool on learning achievements. The second aspect will be dealt with in more depth. 

 

RATIONALE 

In the beginning of the 20
th

 century, individualised teaching was requested by 

representatives of the progressive education (e. g. Isaacs, 2010). After the discussion 

fell silent for some time, it has been reopened by the implementation of individualised 
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teaching in the education acts of Germany in 2005. This has initiated the debate about 

teaching methods and effects on academic achievement in the context of 

individualised teaching. 

There are various definitions of individualised teaching in literature. This paper uses 

the following definition according to Kunze (2009) and Trautmann and Wischer 

(2008): Individualised teaching consists of two aspects. The first aspect is the 

diagnosis of students’ needs and knowledge concerning a specific topic. The second 

aspect is, based on the results of the diagnosis, the implementation of differentiating 

learning environments. The aim of individualised teaching is to support each student's 

skills specifically. This can range from closing knowledge gaps to promoting 

individual strengths.  

Research on individualised teaching methods and differentiating learning 

environments seems to demonstrate that only high achievers profit from these 

methods and that there is no influence on low and average achieving students (e. g. 

Bode, 1996; Baumert, Roeder, Sang, & Schmitz, 1986; Helmke, 1988). In addition, 

research indicates that individualised instruction has a small effect on students’ 

achievements (Hattie, 2012). Some researchers argue that the implementation of 

individualised teaching is highly time-consuming (e. g. Gruehn, 2000), and as a 

consequence of this, there is less time for work on task. Furthermore, the concept of 

developing individualised learning environments for each student in class is not 

realistic. In conclusion, more research concerning the effectiveness of individualised 

teaching and ways for implementation are needed. 

One aim of this study was to develop an individualised learning unit, which can be 

adapted in chemistry education in an efficient way. Therefore, the theory of 

individualised teaching and the theory of self-regulated learning had been combined. 

According to Zimmerman (2002), self-regulated learners are active participants in 

their own learning process. They are aware of their strengths as well as of lacks of 

knowledge and they are self-motivated to achieve desired goals (Zimmerman, 1990). 

Zimmerman’s model, which relies on the social-cognitive perspective, defines self-

regulated learning as a cyclical process consisting of three important phases: 

forethought, performance and the reflection phase. These phases are divided into 

different categories. In the forethought phase, students plan their learning process, set 

the goals they want to achieve, and they are self-motivated. This procedure is 

influenced by students’ self-efficacy beliefs and experiences. The performance phase 

is characterised by self-monitoring processes in order to regulate the actual learning 

behaviour. After that, the learning process is evaluated and reflected in the reflection 

phase. Students judge their achievements and find causal attributions. According to 

this reflection, self-regulated learners set new goals and proceed with the forethought 

phase (Zimmerman, 2002). To sum up, self-regulated learning is context-specific and 

depends on students’ metacognitive, motivational and cognitive abilities 

(Zimmerman, 2005). There is evidence that self-regulated learning can lead to higher 

learning outcomes (Perels, Dignath, & Schmitz, 2009; Zimmerman & Martinez-Pons, 

1988). From the social-cognitive perspective, self-regulated learning is not a static 

trait. Research indicates that it can be trained and needs to be adopted to many 

different situations (Perels, Gürtler, & Schmitz, 2005). Some empirical studies focus 

their trainings for self-regulated learning on selected categories of the three phases, as 

for example self-monitoring. In this context, results reveal that consistent self-

monitoring leads to higher self-efficacy beliefs and better academic performance 

(Schunk, 1982/1983). Besides, the accuracy of self-evaluation and self-assessment 

Strand 11 Evaluation and assessment of student learning and development

2072



 

 

seems to be a helpful predictor for learning success (Chen, 2003; Kostons, van Gog, 

& Paas, 2012). 

This study used a self-evaluation sheet to combine the theory of individualised 

teaching with the theory of self-regulated learning. The work with the self-evaluation 

sheet was embedded in an individualised learning unit and focused on the following 

aspects of the theories: Firstly, students evaluate their own performance and use the 

self-evaluation sheet as a diagnostic tool. Secondly, it enables students to plan, 

monitor and document their own learning process. Thirdly, learners autonomously 

record the learning behaviour on the sheet, which is important for a funded self-

reflection. 

 

RESEARCH QUESTIONS 

Based on the theoretical background, this study addressed the following research 

questions: 

Question 1: Does self-evaluation have an effect on learning outcomes? 

Question 2: Does self-evaluation have a long-term effect on learning outcomes? 

Question 3: Does self-evaluation have an effect on students’ feelings towards the 

individualised teaching unit? 

 

METHODS 

Materials 

The materials used in the learning unit were constructed concerning the topic 

chemical reaction. They consist of the self-evaluation sheet, problem sheets, 

information texts, information cards and model answers. The self-evaluation sheet is 

structured in tabular form. Nine statements about the students’ abilities are listed, 

written in the first person singular. Each statement covers one subtopic of the topic 

chemical reaction. Students assess themselves on a four-point Likert scale going from 

‘I am very confident’ to ‘I am not confident at all’. On the self-evaluation sheet, there 

are direct links to the problem sheets and information texts, which deal with the 

particular subtopic. Besides, there is space to document what material has been used. 

Students are encouraged to record their learning progress by evaluating themselves 

again after a while, this time using a pen in a different colour. For those students who 

are very confident in every subtopic, challenging exercises are provided. Students 

work autonomously with the learning material. They decide in what order they use it. 

Feedback towards the correctness can be obtained through model answers. 

A multiple-choice test was developed to assess students’ chemistry performance 

regarding the topic chemical reaction (35 items with five alternatives, Cronbach’s 

alpha = .85). Each statement on the self-evaluation sheet was covered by three or four 

items of the multiple-choice test. Pre-, post- and follow-up-tests consisted of identical 

items but differed in the order of the latter. Students’ feedback towards the learning 

unit was assessed by conducting a feedback questionnaire (17 items with a five-point 

Likert scale going from 1 (‘completely agree’) to 5 (‘completely disagree’), 

Cronbach’s alpha = .89). Some of these items have been adapted from the 
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“Questionnaire to assess current motivation in learning situations (QCM)” 

(Rheinberg, Vollmeyer, & Burns, 2001). 

Intellectual performance was measured as a control variable using one scale of the 

CFT 20 (Weiß, 1998). Additionally, the academic self-concept and the differential 

academic self-concept concerning mathematics and physics were assessed (Rost, 

Sparfeldt, & Schilling, 2007; Schöne, Dickhäuser, Spinath, & Stiensmeier-Pelster, 

2002) since self-concept and self-evaluation are interrelated (Rost et al., 2007). 

 

Participants 

Students attending the seventh-grade of upper secondary schools in Germany 

participated in this study (N = 234). Data sets of 218 students could be used in the 

pre/post data analyses. Because of an additional drop-out, 207 data sets were 

integrated in the pre/follow-up analyses. The mean age of the sample was 13.23 years 

(SD = 0.43), and the percentage of male students was 57.3 %.  

 

Design 

To answer the research questions, two experimental groups were created: The self-

evaluation group worked with the self-evaluation sheet and the learning material. The 

control group did not work with the self-evaluation sheet, but with the same learning 

material. In order to understand the structure of the material, this group got a short 

overview of the subtopics the material deals with.  

One week before the unit, chemistry performance, intellectual performance and 

academic self-concept were assessed (ca. 60 minutes). Based on matched-pairs, 

students were assigned to the two learning conditions. 108 students worked in the 

control group and 110 in the self-evaluation group. Both groups worked 

simultaneously with the learning material in two different rooms. Each group was 

guided by one experimenter. The learning unit took 90 minutes and was started by a 

10-minute introduction. In order to analyse the learning behaviour, 72 randomly 

chosen students were videotaped during the lessons, and the learning material of all 

students that worked in the unit had been scanned (n = 230). One week after the unit, 

chemistry performance was measured again. Additionally, differential self-concept 

and feedback towards the unit were assessed (ca. 45 minutes). Four weeks after the 

post-test, data on chemistry performance was collected for the third time (follow-up-

test, ca. 30 minutes).  

 

RESULTS 

For the group comparisons, a residual analysis was done. With regard to the results of 

the pilot study, it was expected that the work with the self-evaluation sheet would lead 

to higher learning outcomes directly after the unit and one month later. The analysis 

of the residues of pre- and post-test revealed a significant difference between the 

groups, tpre-post(216) = 2.53, p = .012, d = 0.35. The self-evaluation group scored 

significantly higher (M = 0.17, SD = 0.91) than the control group (M = - 0.17, SD = 

1.06). Exploring a long-term effect, the results of the residual analysis of pre- and 

follow-up-test indicated similar findings, tpre-follow-up(205) = 2.14, p = .033, d = 0.29, 

with better learning outcomes of the self-evaluation group (M = 0.14, SD = 1.00) than 
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the control group (M = - 0.15, SD = 0.98). Besides, it was expected that students’ 

feelings towards the unit are more positive in the self-evaluation group. The results of 

the analysis of the feedback questionnaire demonstrated that there is a significant 

difference, tfeedback(214) = 3.13, p = .002, d = 0.50). Students of the self-evaluation 

group had more positive feelings towards the lesson (M = 1.75, SD = 0.56) than 

students of the control group (M = 2.00, SD = 0.65).  

With regard to the findings of empirical research, interaction effects between group 

and cognitive performance level were analysed. The results of the one-way ANOVA 

on pre-post residues revealed a significant main effect of the cognitive performance 

level, F(2, 215) = 4.52, p = .012, with higher learning outcomes of the high achieving 

students (M = 0.29, SD = 0.77) than of the average (M = - 0.15, SD = 0.98) and low 

achievers (M = - 0.16, SD = 1.14). As the t-test already indicated, the main effect of 

the learning condition is also significant, F(1, 216) = 5.23, p = .023, with students of 

the self-evaluation group scoring higher than students of the control group. The 

interaction of group and cognitive performance level was not significant, F(2, 215) = 

0.37, p = .693. 

 

DISCUSSION AND CONCLUSION 

The presented study aimed at exploring the effects of a self-evaluation sheet on 

students’ achievements in chemistry education. Therefore, it followed an 

experimental pre/post/follow-up design with two experimental groups: Firstly, the 

self-evaluation group, in which students worked with the constructed learning 

material and a self-evaluation sheet; and secondly, the control group in which students 

worked with the same material but without the self-evaluation instrument. Using 

matched-pairs, students were assigned to one of the groups so that these are 

comparable. 

The results of the residual data analyses showed that the self-evaluation group 

achieved higher learning outcomes directly after the individualised unit than the 

control group. This difference continues to have a significant impact in the long-run. 

Additionally, students of the self-evaluation group had more positive feelings towards 

the work in the unit than the control group.  

The findings concerning the comparisons of chemistry performance showed small 

effect sizes. This can be due to the fact that both groups worked in a very similar way: 

they worked with the same learning material and in the same period of time. The only 

difference between the groups was the use of the self-evaluation sheet. Further 

analysis of the video data and the scanned material has to be done to explore whether 

the learning behaviour differs between the groups.  

In contrast to findings of empirical research, the results of this study did not indicate 

an interaction of the learning condition and cognitive performance level. High 

achievers as well as average and low achieving students profit from the work with the 

self-evaluation sheet.  

More specific analyses of the accuracy and quality of the self-evaluation have to be 

done in order to specify if this diagnostic instrument was handled in the right way. In 

addition, the influence of the academic self-concept on the self-evaluation and the 

learning behaviour has to be explored. Furthermore, it might be important to 

investigate the effects of self-evaluation on students of higher grades.  
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Future research might focus on the questions, how to assess self-regulated learning in 

this context and if the work with self-evaluation sheets can empower students to be 

more self-regulated. 

It can be concluded that the work with the self-evaluation sheet could be an effective 

way to implement individualised teaching methods in chemistry education. The focus 

on students’ self-responsibility might be one possibility to develop and implement 

individualised teaching methods in chemistry education. It could be shown that the 

self-evaluation sheet supports every student regardless of one’s cognitive performance 

level. 
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INTRODUCTION 

 

The contributions to the strand 12 represent voices from many countries and several 

continents. Researchers, teachers and students within the science and technology 

education community share the experiences of both the richness and the problems 

connected to multicultural, bilingually, gender equity diversity and special needs of 

teaching and learning.  

In the history of science, many discoveries and improvements have been taking place 

in multidisciplinary environments, in which people first seen as out-siders has been 

able to be accepted as patterns, and find solutions to problems that were not even 

identified by the original groups. The equity and diversity issues in the teaching 

classrooms might be linked to progress in the same way –the need of new solutions 

for science and technology education, and the need to evoke interest for science and 

technology is most probably linked to how we develop education from an equity and 

diversity perspective. 

Fifteen papers were finally accepted for publication in the e-book, and they represent 

contexts from different milieus as science museums, multilingual and diversity 

classrooms and street children’s environment. The papers also present a variety of 

methods, differing from big explorative questionnaire studies, case studies based on 

interviews with small groups of students to video-recorded classrooms studies. 

Additionally, there are some theoretical papers as well as curriculum –based papers. 

Six of the papers concern teaching and learning in multilingual and diversity 

classrooms. The first paper by Philip Clarkson takes a theoretical stance and focuses 

on the gap between two models of language use: the first suggests teachers should 

encourage students to first use everyday English when learning new mathematics or 

science concepts, and the second (supported by research) shows that students taught 

in their second language often find it an advantage to use, their first language in 

learning contexts. 

In the second paper, Ryan and Childs examined the level of awareness of 80 Irish 

science teachers about problems posed by linguistic diversity to pupils in science, 

specifically with regards to the language used in science education. The third paper, 

by Silvija Markic, uses the model of Participatory Action Research in science 

education and focuses on the development of teaching plans for early lower secondary 

school science lessons. It addresses the question to what extent it is possible to 

simultaneously learn science, scientific language and the German language, if pupils 

work autonomously in cooperative learning settings structured around comic books. 

Simone Abels and Sandra Puddu, in the fourth paper, support the idea that inquiry-

based learning environments have to be designed and successively implemented in 

science classrooms according to the students’ individual needs to welcome their 

diversity. The fifth paper (Adesokan and Reiners) focuses on how to enhance learning 

opportunities for learners with hearing loss in chemistry classes. A sixth paper by 

Silvija Markic shows that it is possible to develop a tool examining science teachers’ 

PCK of scientific language in science classes. The study reveals that levels of teacher 

PCK tend to be quite low and in many cases represent a naïve view of teaching of 

scientific language.  

Two papers address the effect on interest when students visit science museums. The 

first paper (Amano, Yamanaka, and Kawakami) used a questionnaire on learners’ 
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interest of science after a science museum course. Analysis of the questionnaire 

showed enhanced motivation, knowledge and interest. The second paper (Lyons and 

Quinn) also implemented a questionnaire the results of which indicated that students 

tended to rate museums/science centres as slightly more important than outreach 

activities in their decisions to take science and technology courses.  

The paper by Manuela Welzel-Breuer and Elmar Breuer has a heart-braking topic – 

science education for street-children. The UN Convention of 1998 on Human Rights 

of the Child claims that the society has the responsibility to find ways to offer every 

child adequate contexts and possibilities for learning – also in science. This paper 

describes researchers co-operating with a teachers in a teacher training institution in 

Colombia for use of modern ways of teaching science to street children. 

Two papers investigate gender inequalities, the first by studying high school students’ 

opinions (Porro and Arango), and the second by in-depth case studies of female 

students learning physics, and their fight to both be recognised as girls and physics 

students (Bartosch). 

The four last papers in the strand address so different topics as biological determinism 

in five countries (Clement and Castera), the choice of science and technology careers 

in Latin countries (Manassero-Mas, Alonso, and Bonnin),  innovative curricula by 

expanding designing in science education (Plakitsi, et al.) and teachers’ quality and 

student achievement in Kingdom of Saudi Arabia and Republic of Singapore (Al 

Shannag, et al.). 

 

 

Margareta Enghag and Christiana Nicolaou 
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ADVANCED ACTIVITIES USING MICROSCOPES AT  

A SCIENCE MUSEUM TO STRONGLY PROMOTE 
CHILDREN’S INTEREST IN SCIENCE 

 

Junji Amano¹, Atsuko Yamanaka¹ and Shogo Kawakami¹  

¹ Gamagori Museum of Earth, Life and the Sea, Japan 

 

Abstract: An observation program using microscopes has been carried out at the 

Gamagori Museum of Earth, Life and the Sea for three years. The number of 

participants for 2012 was 30. A questionnaire was given to all participants and 26 of 

them answered. All of them expressed their ‘satisfaction’ with the program content. 

They also answered that they were able to learn various things. Furthermore, all of 

them commented that the program was ‘interesting’. When they were asked about the 

level of the program content, 13 participants answered it was ‘difficult’ while the 

remaining 13 answered ‘moderate’, but no participant answered it was ‘easy’. 

Although the program content was challenging, the participants are satisfied because 

they were able to increase their knowledge, thereby enhancing their interest. They all 

made affirmative comments in the free remark column. As shown above, the course 

evaluation by the participants proved that this program successfully evoked high 

motivation. 

Keywords: Programs provided by science museums, observation using microscopes, 

continuous activity 

 

PURPOSE 

Teaching methods to enhance children’s interest in science is a challenge common to 

people involved in education everywhere and there have been various proposals 

regarding theory and practice. As is well known, it was Dewey (1938) who strongly 

insisted on the importance of spontaneous study and experience. His educational 

philosophy is summarized as “learning by doing” and it has made a considerable 

impact on education around the world. Later, Bruner (1961) introduced the concept of 

discovery learning, asserting that the most effective way to develop a coding system is 

to discover rather than simply being told by a teacher. In case of Ausubel (1969) who 

proposed meaningful learning using advance organizers, he believed that the 

understanding of concepts, principles, and ideas is achieved through deductive 

reasoning.  

In the field of psychology, there have been many studies concerning motivation and 

learning. Additionally, there have been numerous studies about how to enhance 

children’s interest in science at school. Therefore, in school education, a research is 

constantly undertaken for the purpose of increasing children’s interest in science. 

Besides school education, science museums hold science shows and workshops with a 

view to promoting children’s enthusiasm for science. It is no exaggeration to say that 

science museums attach special importance to such activities. 

As mentioned, by holding events such as science exhibitions and other workshops 

science museums endeavor to stimulate children’s interest in science. One example in 
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Japan would be the activities of the National Museum of Emerging Science and 

Innovation (Miraikan) (2013). The Gamagori Museum of Earth, Life and the Sea 

(2013) carried out many such events and increased the number of visitors (Yamanaka 

& Kawakami, 2012). Such events are of great significance as they provide an 

opportunity for the participants to experience and learn about science in a 

comprehensive manner, successfully engaging the children’s interest in a variety of 

scientific topics. 

However, although children have fun with science shows and workshops offered by 

science museums, their interest soon wanes and they do not pursue scientific study 

triggered by the interest they felt while participating in the programs. 

The “My Body” corner devised by Eureka, The National Children’s Museum in 

Halifax successfully created an approach where children are enlightened about the 

human body in an entertaining way (Eureka!, 2013). This kind of activity offered by 

science museums is very important as it encourages deeper understanding. 

In this research, the aim was to measure the educational effect of a program using 

microscopes, one of the basic tools to learn about biology and observing natural 

phenomena continuously for more than one year. We report the result here because 

children showed high motivation for learning and thus this project proved to be 

meaningful activity of our science museum. 

Project Details: “Master of Microscope” workshop 

1. Number of participants: Beginners’ course, 20; Intermediate course, 4; Advanced 

course, 6 (Total: 30). 

2. Number and period of workshops: 9 workshops between April 2012 and February 

2013 (except August and December).  

3. Time frame: 9:30 to 10:30 a.m. for the beginners’ course, 10:45 to 11:45 a.m. for 

the intermediate and advanced courses, respectively. 

4. Usage of microscopes: 20 stereoscopic microscopes (×2 and ×4) and 20 biological 

microscopes (objective lens; ×4, ×10, ×40; ocular lens; ×10) were provided. Each 

participant had one stereoscopic and one biological microscope at his/her disposal. 

Figure 1 shows the participants during microscopic observation. 

 

 

 

 

 

 

 

 

5. Content: The detail of the course for beginners is presented in Table 1. Similar 

content was used but at a higher level of observation in the intermediate course. For 

the advanced course, the choice of material was up to the participants, but the content 

remained almost the same as the intermediate course. 

 

 
Figure 1. Observation using two 

kinds of microscopes. 
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SURVEY METHODS 

A: A questionnaire was used to gauge the participants’ impression of the program. 

1. Subject: The number of respondents was 26 in total, comprising 18 from the 

beginners, 4 from the intermediate and 4 from the advanced courses respectively of 30 

participants for 2012.  

2. Survey timing: November, 2012 ※A follow-up survey was conducted in February 

2013. 

3. Survey details:  

3.1 Regarding the 9 objects chosen for the study, participants were asked to give their 

opinions with respect to a) interest generated and b) level of understanding. 

3.2 Regarding overall activity, participants’ opinion was sought with respect to a) 

satisfaction rating, b) knowledge gained, c) interest generated and d) level of 

difficulty. 

3.3 Participants were asked to freely describe their impression of the workshop. 

B: Performance tests were carried out after the 6th workshop on “Pollen of various 

flowers” and the 8th “Variety of stomata”. 

 

RESULTS 

1. Evaluation of the content 

Interest in and understanding of each content is as shown Table 1 below: 

 

Table 1 

Result of evaluation on the workshop content (number of respondents). 

Workshop  Interest  Understanding 

 Month Object  Interesting Moderate 
Not 

interesting 
 Understood Moderate Difficult 

1 April 
View of a photo enlarged 

by stereoscopic microscope 

 

 
26 0 0  26 0 0 

2 May 

Sporangia and volcanic ash 

observed by stereoscopic 

microscope 

 

 

 

26 0 0  26 0 0 

3 June 
Human cheek mucosa cell, 

Blood corpuscle 

 

 
26 0 0  7 13 6 

4 July Plankton  26 0 0  8 9 9 

5 Sep. 
Petal and pollen of 

Commelina communis 
 26 0 0  5 15 6 

6 Oct. Pollen of various flowers  26 0 0  2 20 4 

7 Nov. Cell and chloroplast  26 0 0  15 6 5 

8 Jan. Variety of stomata    26 0 0  1 21 4 

9 Feb. Cell division   26 0 0  1 9 16 
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All participants answered that they found experimental observation ‘interesting’ for 

all 9 different objects. 

Concerning the level of understanding, various answers were obtained. As for the 

observations using stereoscopic microscopes (1st and 2nd workshops), all participants 

answered that they ‘understood’. On the other hand, concerning observation of 

plankton in the 4th workshop, as many as 9 participants selected ‘difficult’. The reason 

why so many of them answered ‘difficult’ was because they had not mastered 

microscope manipulation skills to discover moving plankton. In the 5th workshop, 

petals and pollen of Commelina communis were observed. Though they confirmed 

that 6 stamens were classified into 3 types, it was not easy for them to understand that 

the amount of pollen is different depending on the stamen type. Therefore, relatively 

many children answered ‘difficult’. 

2. Comparison between the workshop content and school science 

curriculum 

Table 2 shows what contents are taught at which grade in dealing with microscopes in 

science classes at Japanese schools. 

Pupils start to use microscopes from the 5th grade. Time allotted to observation of 

each aspect is basically one school hour (45 minutes for elementary school, 50 

minutes for junior high school). 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Overall evaluation 

Table 3 shows the results of the analysis of the questionnaire concerning the entire 

program.  

When asked their overall impression of the nine workshops, all participants answered 

that they were ‘satisfied’ with the content. They also answered that they were able to 

gain a variety of knowledge. Moreover, all of them answered that they found the 

program ‘interesting’.  

When asked if the content was difficult or not, 13 of them answered that it was 

‘difficult’, while 13 answered ‘moderate’ and none of them answered ‘easy’. 

Table 2 

Grades and aspects of microscopic studies covered by school science education. 

School Grade Observation contents 

Elementary 

school 

5th 
development process of killifish (using dissecting 

microscopes), plankton, pollen 

6th stomata, starch particle 

Junior high 

school 

1st pollen, chloroplast, stomata, cross-section of leaves/stems 

2nd cell 

3rd cell division 
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As a whole, although the participants found the program difficult, they were satisfied 

because they were able to learn a variety of things and their interest in science was 

heightened. 

 

Table 3 

Evaluation on overall workshops (number of respondents). 

Satisfaction level 
Satisfied Medium Not satisfied 

26 0 0 

Have you learned various things?  
Yes Medium No 

26 0 0 

Interest level 
Interesting Medium Not interesting 

26 0 0 

Was the content difficult? 
Difficult Medium Easy 

13 13 0 

 

4. Some impressions of the participants in the beginners’ course 

・It was good to learn various things. I will pursue them at school, too. 

・I learned many things I did not know.  I really enjoyed the program. 

・I have never used microscopes before. I understood well and I enjoyed the course. 

・I had never known how to operate microscopes nor to observe things until April. 

However, now I can do it thanks to the experience at the workshop. I truly enjoyed it. 

・It was very interesting. I could observe the detail. I would like to observe many more 

things. 

5. Performance test results 

After the 6th workshop on the observation of various pollen and the 8th one on the 

stomata observation, a survey was made of the children who participated in the 

beginners’, intermediate and advanced courses regarding how many observation 

activities they undertook. Table 4 shows the results.  

 

Table 4 

Number of observation opportunities (average).* 

Observation program Beginners’ course Intermediate/advanced course 

Pollen of various flowers 2.2 7.5 

Variety of stomata 1.5 6.0 

* 16 participants for the beginners’ course, 8 participants for intermediate/advanced 

course. 
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For both programs, 8 participants of the intermediate and advanced courses had many 

observation opportunities. 

 

DISCUSSION 

1. Increase in the number of participants 

Three years have passed since the start of this program. Table 5 shows the change in 

the number of participants.  

 

The range of age of participants is between 9 and 12 years for elementary school 

pupils and 13 and 15 years for junior high school students. 

When the museum launched this project, the number of applicants was 10. In 2011, 14 

were admitted. In 2012, there were 26 applicants and 20 were admitted. In 2012, 

intermediate and advanced courses were added. In 2013, the number of applicants is 

35. Four years have passed since this workshop started and the number of applicants 

has been increasing. It is notable that 7 out of 9 participants for 2010 took part in the 

2nd year program and 6 of them continued for the 3rd year. Moreover 2 of them chose 

to continue the 4th year. It is clear evidence of how satisfied the participants are. 

2. Comparison between the program contents and school science 

curriculum 

The standard curriculum specified by the Ministry of Education, Culture, Sports, 

Science and Technology includes a plan for microscope observation as shown in Table 

2.  

This observation activity is implemented in most junior high schools, because there 

are specialist science teachers, whereas there are many elementary schools that do not 

introduce this activity. The reason is that elementary school teachers take charge of all 

subjects, therefore, there are some contents that they cannot cover. Experiments and 

observations in science education especially require considerable preparation and 

cleanup, so there are many teachers who are not willing to do such activities 

themselves. 

While the regular school program has limitations, as described above, our program 

provides 9 workshops, each one taking 60 minutes, which goes far beyond the school 

science curriculum. Therefore, the participants are more than satisfied. 

Table 5 

Change in the number of participants. 

 2010  2011  2012  2013 

 New  New 2nd year  New 2nd year 3rd year  New 2nd year 3rd year 4th year 

Junior high 2  5 2   0 0 5  10 1 1 2 

Elementary  8  9 5  20 4 1  6 13 2 0 

Total 10  14 7  20 4 6  16 14 3 2 

Grand Total 10  21  30 35 
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3. Enhanced knowledge and understanding – according to the 

performance test results 

It is not easy to measure the progress in knowledge and understanding of the 

participants of this program. The result of the self-evaluation of understanding (Table 

1, Understanding) shows that there were a number of activities that the participants 

thought “difficult”, while there were some activities understood by all participants. 

There were two workshops that all participants indicated they understood. On the 

other hand, the observation program of cell division was difficult and only one 

participant answered that he understood, whereas 16 participants responded that the 

content was rather challenging. Table 1 presents the results. Although this is self 

evaluation, we believe the results are reliable. For the purpose of further objectively 

determining the development of participants’ knowledge and comprehension, a 

performance test was introduced.  

Generally scientific skills increase with the development of knowledge. Therefore, the 

number of microscope observations that the participants experienced was counted 

(Table 4).  

For example, as for the observation of pollen of various flowers, the participants of 

the beginners’ course observed only 2.2 kinds of pollen whereas those of the 

intermediate/advanced course students observed 7.5 kinds, three times as many as the 

beginners’ course. When a variety of stomata was observed, the beginners’ course 

participants were able to observe only 1.5 kinds, which indicated that the program was 

very challenging. However, the number of kinds observed jumped to 6.0 for the 

participants of the intermediate/advanced courses. 

Though the participants of these two courses were different, as the 

intermediate/advanced course participants had experienced the beginners’ course 

already once or twice, we believe the results indirectly reflect the participants’ growth. 

It is considered that the self evaluation, combined with the performance test results, 

show that the participants’ knowledge and understanding were clearly enhanced. 

4. Participants’ awareness 

Sixteen participants who took part in the beginners’ course gave their impressions on 

the program as described in “Some impressions of the participants in the beginners’ 

course”. Although they used different expressions, many of them commented that “the 

program was interesting” or “I want to pursue it further”. In fact 14 out of 20 continue 

to attend the program (Table 5). 

The awareness survey also revealed that the participants’ interest was greatly 

enhanced. 

5. Independent research 

Some children started their own project after this program. 

One 3rd grade junior high school student, who participated for the 3rd year in 2012, 

advanced his research in the diversity of stomata. Two 1st grade junior high school 

students continued their research of pollen diversity. A 6th grader was involved in the 

research of plankton. Another 6th grade student who pursued plankton spent two days 

from morning until afternoon at the museum for his research. This episode shows his 

high motivation.  
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The fact that these children were stimulated to start their own projects shows the 

museum’s program successfully fostered their motivation. 

 A 3rd year junior high school student carried out the study on stomata and his 

research result won the Good Research category of the “Koshiba Memorial Prize” 

which was established commemorating Dr. Masatoshi Koshiba’s winning of the Nobel 

Prize. 

The student described his feelings follows: “My impression during and after the 

microscope program (summary): In my opinion, ‘not considering’ or ‘not thinking’ in 

daily life does not necessarily mean ‘not being interested’. Before experiencing this 

microscope workshop program, I had been ‘one who does not know’. However, 

thanks to this program I have encountered an extraordinarily interesting world. I 

would like to carry out more projects using microscopes in the future.” 

This comment clearly shows the participant’s genuine feeling of how his interest has 

been stimulated through the program. 

6. Conclusion 

Advanced topics which are not usually covered at school are often included in the 

workshops. However, as the survey results indicate, the participants described the 

content as ‘challenging but interesting’. In the survey they described their impression 

such as ‘I enjoyed the workshop’; ‘Time flew by when I took part in the workshop’; ‘I 

would like to continue further’ and so on. 

As seen above, this microscope workshop was held continuously at our science 

museum. And it was able to evoke strong motivation for learning from the participants. 

Griffin (1998) presented empirical findings to show that that hands-on experience 

increases children’s motivation for learning. Braund and Reiss (2006) reported that 

science museums and science centres have been making use of the new media and 

new concepts of learning. In fact, the experimental programs carried out at Eureka!, 

National Children’s Museum (2013), also proved highly effective. 

By providing these types of programs science museums can make a significant 

contribution to enhanced scientific recognition and an increased interest in science. 
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SCIENCE/MATHEMATICS TEACHING IN 
AUSTRALIAN MULTILINGUAL CLASSROOMS:  

A LANGUAGE USE MODEL 
 
Philip C Clarkson1 and Lyn Carter2 

1&2Australian Catholic University 
 

Abstract: This theoretical paper is aimed at provoking more research by proposing a 
new teaching model that will meet the needs of both monolingual but in particular 
bilingual students. A teacher ‘language use model’ commonly employed is first 
critiqued. It suggests teachers should encourage students to first use everyday English 
when learning new mathematics or science concepts. However, even for monolingual 
learners, this model is deficient and modifications are suggested. Research shows that 
bilingual students will use, and often find it an advantage to use, their first language in 
learning contexts. However the predominant English only speaking teachers of 
Australia are often not aware of such behaviour.  Further there are few explicit studies 
regarding the teaching of science/mathematics with bilinguals. In most of the many 
more studies of bilinguals learning, some teaching strategies were offered as 
possibilities. This paper seeks to address this gap and concludes by suggesting how 
the earlier model can be modified and used by science/mathematics teachers to teach 
bilingual students.  

Keywords: science and mathematics teaching, language, bilingual learners, 
multilingual classrooms 

 

INTRODUCTION 
With an increasing flow of immigrants throughout the world, a vast number of school-
aged children do not speak the language of teaching as their first language. In 
Australia the dominant language is English, but in some classrooms in the main cities 
it is not unusual for many more than 10 non-English languages to be spoken by the 
students. Bilingual students in Australian schools receive some help from ‘English as 
a Second Language’ (ESL) teachers, however mainly for communicative English. But 
these students also need extensive help in mastering the general English academic 
language used in schools while learning the culture of Australian schooling. This 
imperative goes beyond day-to-day informal communicative English. The crucial 
need is to be able to communicate in the more structured academic English used in all 
classrooms, including in science and mathematics sessions. A further need is the 
particular formal language associated directly with mathematics and that associated 
with science. Students need to gain competence in these as well. Hence bilingual 
students, as well as their monolingual peers, need to be taught all the languages that 
support science and mathematics learning. This theoretical paper begins to develop a 
model that supports such teaching. 
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BUILDING A TEACHERS’ LANGUAGE USE MODEL 
There are studies reported in the literature noting the importance of language in the 
learning of science and mathematics (e.g. Austin & Howson, 1979; Barwell, 2009; 
Ellerton & Clarkson, 1996; Gardner, 1975; Hand, Alvemann, Gee, Guzzetti, Norris, 
Phillips, Prain & Yore, 2003; Tytler, Waldrip & Griffiths, 2004). The recognition of 
the influence of language on such learning has given rise to models suggesting that 
teachers should encourage their students to progress through different styles of 
language. 

Traditionally the formal language of mathematics and science was always a focus of 
teaching. It was not uncommon for a teacher to write up a specific term on the 
chalkboard and define the term. After a short exposition the students may have been 
given some specific examples of how and where this formal term should be used. This 
model can be captured in the simple diagram of Figure 1. There was little attempt in 
this approach to link the science and mathematics formal language with students 
everyday lives encoded in their informal everyday language. No wonder that both 
science and mathematics have traditionally been regarded as school subjects quite 
separate from people’s normal lives. 
 
 

 
Figure 1. Traditional model for language use by teachers. 

However from the late 1970s / early 1980s changes began. Today Australian 
curriculum documents encourage the use of ‘everyday language’ or ‘conventional 
language’ when introducing new concepts (ACARA, 2012a, b; NCB, 2009a, b). The 
simple model of Figure 1 can be extended to that of Figure 2 to capture this added 
emphasis. This grows from the notion that students code much of their thinking in 
their informal everyday language, and hence to access this as a way of positioning 
formal concepts will broaden students’ thinking as well as suggesting that science and 
mathematics does not have to be divorced from the everyday world of students. 
Nevertheless there is far more use made of terms such as ‘language precision’, 
‘difference to everyday language’ and ‘symbolic context of language’ in the 
curriculum documents. Hence the greater emphasis is on progressing speedily to the 
formal languages of science or mathematics.  

 
 

 
 

 
 

Figure 2. Basic language use model for teachers showing transition from students’ 
everyday language to the formal language of the content area. 

It is important to note at this point that the model in Figure 2, and in subsequent 
Figures in the paper, overlooks a crucial aspect of the languages used. As drawn, the 

Informal	  everyday	  language	  of	  students	  

Mathematical	  /	  scientific	  language	  

Introduce	  mathematical	  /	  scientific	  
formal	  language	  directly	  
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two categories are shown as being quite discrete. For some instances this is true since 
at times there is quite a clear divide between these categories in the way language is 
used. For example quite specific terms such as ‘hypotenuse’ and ‘redox reactions’ are 
quite clearly situated within the formal language of science or mathematics and not in 
the everyday language of students. ‘Yes that’s terrific’ is an exclamation that is 
clearly informal language and can be used in the playground or doing science, with 
the meaning not changing even though the context changes. However for some 
vocabulary such as ‘energy’ or ‘just a minute’ there is a certain ambiguity. The 
meaning of each of these terms will depend on the context: does the context suggest 
that a strict formal science or mathematics meaning is appropriate, or is the context 
one when a more general everyday meaning for the vocabulary is assumed? Figure 2 
does not imply any ambiguity such as this can exist. Other types of diagrams could be 
used to allow for such ambiguities. But to develop the argument in this paper in a 
quite specific direction, it is useful to stay with this diagram. It is rare to develop a 
diagram model that caters for all aspects of the reality. A model is used to highlight 
the key relationships for the particular argument. Nevertheless it is important to 
remember what is not clearly shown in a particular model; in this case the ambiguity 
of some terms in the ways language is used in engaging with science and 
mathematical ideas.  
Although providing useful guidance for teachers, the model in Figure 2 is limited in 
another way to that of the overlap between languages noted above. In classrooms 
there is a clear use of the more formal structured language that permeates schools, 
including science and mathematics sessions, which is not shown in Figure 2. 
Although not limited to vocabulary, this generalised structured school language 
includes words such as modify, compare, evaluate, hypothesize, infer and recapitulate 
as some examples. But there is also the way language is used which is easily 
recognized as what happens in school and rarely elsewhere. For example a common 
rule is ‘Don’t talk when someone else is talking’, observed in any teaching session, 
including when doing mathematics or science. That is different to the way students 
use language in the playground when ‘butting in’ and ‘talking over others’ is a 
common feature of that context. While in class students will be told ‘Don’t shout’ 
which is different perhaps when at home and someone has been in the bathroom too 
long, or when they are outside playing sport. Listening carefully and actively to others 
who are actually there with you is a school thing. Students do this outside the 
classroom, but normally only when listening through headphones or from a screen. 
Writing legibly rather than a scribbled shopping list is a school thing, since most of 
their writing now is on keyboards. Reading hard print, not screens, for most students 
is a school thing. All of this applies to science and mathematics classes, just as much 
as in other subject areas. Hence the notion of recognizing the importance of this more 
structured language that permeates school, that is different to students’ everyday 
language, and different to the specific language of science and mathematics, is 
important. In a modification of the model a third intermediary category has been 
added in Figure 3 to show this language. 
But the model in Figure 3 can be further elaborated to fit better the reality of the way 
language is used in the classroom. In most classrooms observations will show that 
there are frequent switches between the different types of language by the teacher. But 
this is not captured in the model in Figure 3. The double-headed arrows of Figure 4 
have been used to indicate this. Nevertheless the overall intention should be that 
students do learn and use the formal scientific and mathematical language. Hence 
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there is a large arrow to the right hand side of Figure 4 that shows the overall aim of 
teaching should still be student competence in the formal language of science and 
mathematics. 
 

 
 

 
 

 
 

 
 

Figure 3. Elaboration of model incorporating the structure language of schooling. 
 

 
 

 
 

 
 

 
 

 
Figure 4. Elaboration of model showing the dynamic use of languages. 

 

TEACHING MODEL FOR BILINGUAL CONTEXTS 
To perform well at school, students have to master the teaching language, normally 
the dominant societal language, which in Australia is English. For bilingual students 
learning in their second language, the language context of the classroom is important. 
Slavin and Cheung (2005) suggested that the recognition by teachers of the language 
used in the learning context is crucial, and indeed proactive encouragement of 
bilingual students to use all their languages should be the norm. In general, research 
strongly supports this position (e.g. Cummins, 2000; Adesope, Lavin, Thompson & 
Ungerleider, 2010), as well as in science and mathematics (e.g. Clark & Rutherford, 
2000; Clarkson, 2009; Clarkson & Galbraith, 1992; Lee, 2001, 2004, 2005; 
Moschkovich, 2002; Sallah, 2006; Setati, 2005). This research also shows that 
bilingual students will use, and often find it an advantage to use, their first language in 
learning contexts. However the predominant English only speaking teachers of 
Australia are often not aware of such behaviour.  Further there are few explicit studies 
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regarding the teaching of science/mathematics with bilinguals. Most studies, 
including a number of the above, suggest what teaching should be employed, given 
what was found after studying the students. Given this situation, it is useful to suggest 
a modification to the Figure 4 model that takes into account the multiple languages of 
bilingual students, as well as allowing for the dynamic use of their languages (Figure 
5). 

 
 

 
 

 
 

 
 

  
 

 
 

 
Figure 5. Elaboration of language use model for teachers with bilingual students. 

The arrows in Figure 5 indicate most interactions between the language styles that 
could be encouraged, but not all. The linkage between the top left and bottom right 
cells is probably not very useful. Some interactions maybe better indicated with 
broken lines; if for example students have only a fragmentary knowledge of their first 
language registers then perhaps all arrows in the left column would be better shown as 
broken lines. However if students have a good grasp of their conversational L1 and 
perhaps some of the formal structured language that applies to a context such as 
school in their L1, but little knowledge of the science or mathematics in their L1, then 
only the bottom left hand arrow probably would be better shown as a broken line.  
The above model can be easily extended for multi lingual learners by adding a middle 
column, which will allow the students’ second home language to be shown. Such 
would be the case for students from Papua New Guinea who will speak one (maybe 
two) local village vernacular language, a common lingua franca such as Melanesian 
Pidgin, but be completing their school work in English (Muke & Clarkson, 2011). 

Some support for the model is found in the literature. Morris (2006) working with 
bilingual students noted the importance of non-technical language in science 
classrooms, as students progressed to competence with technical language. Halai 
(2004) working with bilingual students in Pakistan noted a teacher’s use of informal 
language in Urdu before progressing to informal English and through to the technical 
mathematics register. One advantage of this model is that it can position published 
results such as these, in a broader framework. 
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It is useful to conclude with an example in which this model is beginning to prove 
useful. In one school in Melbourne, Australia, there are a number of different migrant 
groups who attend the same school. Among them are students whose families have 
recently arrived from Somalia and others who have recently arrived from Iran. Most 
of the Iranian students who were old enough attended school in Iran, and although the 
language of teaching was not English, nevertheless much of the science and 
mathematics they studied is recognisable as similar to that in the Australian school 
curriculum. Hence although these Iranian students did not have identical school 
experiences as if they had attended an Australian school, they had already developed a 
language of schooling that translated reasonably easily to the Australian context, and 
indeed were already learning a language of science and mathematics that related to a 
similar curriculum. For these students, teachers could start with the assumption that 
most relationships between languages in Figure 5 were available for use. However 
research still needs to be undertaken to establish among other factors, whether 
specific topics influence the language environment. Hence there may be better options 
among these various language relationships that will prove to be more effective for 
teaching given topics. 
However for the Somali students, all of them at this school had spent their formative 
years in immigration camps. None had attended any type of school. It would appear 
that none of these students had be given any, even informal, teaching in science. The 
mathematics they seem to know was limited very much to everyday numeracy needed 
for living. This presents a very different language context compared to that for the 
Iranian students (Figure 6). It probably can be assumed that the second and third cells 
(shaded) in the left hand column for these Somali students can be ignored, leaving the 
other language relationships to be exploited. However over time it may be that this 
and other Somali groups in Melbourne begin to extend their own language to cater for 
the Australian language of schooling, and maybe even for the language of science and 
mathematics. That awaits further research. At the moment though, this model 
provides the teachers in this school with some reasons as to why they should think 
deeply about the different language options they should employ when teaching these 
different immigrant groups.  
 

 
 

 
 

 
 

 
 

 
 

Figure 6. Language relationships available for Somali students in Australian school. 
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SUMMARY 
If the teacher is a monolingual speaker, but the students’ science or mathematics 
understandings are coded in a different language, there potentially is a problem. 
Further, if the help the students receive with schoolwork from important others 
outside of the classroom is also given in their home language this situation can be 
exacerbated (Clarkson, 2009). Hence a further blockage to the free flow of ideas 
between teachers and students may occur.  
However it seems important that teachers do try and access the students’ informal 
ideas as they pertain to science and mathematics, even if such ideas are coded in a 
language the teacher does not know. Giving encouragement to students, or even 
permission, to think in their L1 can help this process of the students’ accessing their 
own informal ideas. If there is a group of students who share a language different to 
the language of teaching in the same classroom, asking this group to discuss ideas in 
their L1 may also help the students articulate their thinking more clearly. Clearly the 
teacher needs to trust the students to actually discuss the ideas and not concentrate on 
extraneous social issues. But then trusting students to do their own thinking is always 
part and parcel of good quality teaching. Asking these students to report in English on 
such discussions, as happens with monolingual students, will mean the teacher can 
keep track of the thinking of the group. 
This paper begins to articulate a diagrammatic model to help researchers encourage 
teachers to find ways for their students to fully explore scientific/mathematical ideas 
both in their first language and the language of teaching. Science and mathematical 
language cannot be taught in a vacuum. Language only gains meaning when it is used. 
Clearly both in verbal and written form, teachers operate with language in the 
classroom at all times when they teach. For them to have such a model as developed 
here to use as a guide in their interactions will allow them insights into what is often 
regarded as a free flow of language that ‘just happens’. As well, using this model will 
help teachers consciously plan to use this or that language form (not just vocabulary) 
when they are planning lessons. Hence they will become far more conscious of the 
possibilities open to them in their own language use. Clearly researchers can be active 
at both of these points in the teaching process. By exploiting this model in this way, 
we believe an increase in the quality of teaching will occur. 
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Abstract: Since 2002 we are part of an international collaboration project called “Patio 13- 

school for street children” in Colombia. The aim of this project is to find ways to educate 

children who are used to live in the street, disconnected from the official school system 

and without any regular life and future. The existence of so called “street children” is an 

increasing problem, worldwide. According to the UN Convention of 1989 on the Rights of 

the Child the society has the responsibility to find ways to offer them adequate contexts 

and possibilities for learning – also in science. Within our project, we are co-operating 

with a teacher education institution in Colombia and linking cultural aspects of education 

with previous experiences in pedagogy for street children and modern ways of teaching 

science. Together with advanced pre-service teacher students we could develop, implement 

and investigate different ways to teach science issues as part of a curriculum for street 

children using an inquiry based science education (IBSE) approach, simple experiments 

and material. One major challenge was to enable the Colombian teacher students to apply 

the methods of inquiry based learning. The whole project was evaluated using design 

based research methods (DBR) and specific analyses of video-recordings. The main re-

search question has been: How to enable advanced teacher students to motivate street chil-

dren to do science learning activities? Within this paper we will report on three different 

approaches we developed, the results we could achieve and the conclusions we could draw.  

Keywords: science, street children, IBSE, authentic learning environments, pre-service 

teacher education 

 

OBJECTIVES 

Since 2002 we are part of a German-Colombian collaboration project called “Patio 13- 

school for street children”. The aim of this project is to develop ways of enabling Colom-

bian pre-service teacher students to educate children who are used to live in the street, dis-

connected from the official school system and without any regular life within families. To-

gether with pre-service teacher students in Colombia we developed, implemented and in-

vestigated different strategies using an inquiry based science education (IBSE) approach, 

simple experiments and material (Rocard et al. 2007). The problem we wanted to solve is: 

How to enable advanced teacher students in motivating street children to do science learn-

ing activities? 

 

SIGNIFICANCE 

The existence of street children is an increasing problem, worldwide (Weber & Jaramillo 

2005, Strassenkinderreport 2013). According to the UN Convention on the Rights of the 
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Child (UN 1989) the society has the responsibility to find ways in order to offer them ade-

quate possibilities for learning – also in science. Especially in Colombia there are plenty of 

children living without parents, home and education. They often live in the vicinity of 

large cities like Medellín, Baranquilla or Cartagena. Social institutions (so called “patios”), 

engage in taking care of these children and offer them food, shelter and health services. 

But, mostly there are no educational offers. The project “Patio 13” focuses on that: For the 

last eleven years, a group of social and educational scientists from Colombia (Escuela 

Normal Superior María Auxiliadora, Universidad de Antioquia) and Germany (University 

of Education Heidelberg, University of Education Freiburg, Heidelberg University) has 

been working together in order to implement a program of instruction in different subjects 

to be applied in a patio in Medellín and in other institutions for children in difficult living 

situations (in a state of “vulnerability” (see Herrera Casilimas et al. 2012, 11ff.)). The idea 

is to improve the situation of those children through education. The offers need to be spe-

cial in a way that the children are free to participate. The learning units need to be highly 

individualized; they have to be oriented towards the interests of street children and orga-

nized interactively. 

 

THEORETICAL BACKGROUND 

Authentic environments are necessary for an effective learning context (Roth 1995). 

School science needs authentic learning environments for school children with their specif-

ic experiences and social habitus (Bourdieu 1993, 98ff). Thus, street children, too, need a 

specific science education, which is based on their social habitus: their living conditions, 

experiences, motivations and interests. They do live a life fundamentally different from 

that of children with a family and school background (Weber & Jaramillo 2003, Herrera 

Casilimas et al. 2012). They behave in a specific way related to their individual street life 

experiences. Their capabilities with respect to teaching-learning interactions are different 

from those of children who experience conventional school socialization (see Herrera 

Casilimas et al. 2012, 67-68). 

Usually, pre-service teacher students are not familiar with street children’s life. They 

themselves typically have practiced a regular school career and, on that basis, they study at 

Universities in order to teach at regular schools in the future. Because of that, for being 

able to educate street children, the teacher students have to become familiar with street 

children and to adapt their pedagogy to the street childrens’ specific experiences and 

needs.  

Thus, we had to think about an adequate way of introducing science to street children and 

about how to prepare teacher students for this job. We decided to apply methods of IBSE 

(see Rocard et al. 2007) both for instructing street children and training (educating) teacher 

students, because: 

• Typically, street children are trained and specifically interested in practical, useful 

and exploitable things (see Herrera Casilimas et al. 2012, Strassenkinderreport 

2013) and in constructing handicrafts they use to sell in the streets. These are ideal 

conditions for an IBSE approach.  

• Their verbal communication skills (description, argumentation, discussion) are only 

poorly developed (see Herrera Casilimas et al. 2012, Strassenkinderreport 2013); 

on the one hand highly developed communication skills are not mandatory pre-

conditions for learning science through IBSE, on the other hand, communication 
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skills can be trained and developed while manipulating material within groups, ex-

periencing surprising phenomena and initiating thinking about them, or working on 

the solvation of problems. 

• The street children typically are not able to read and write very well (see Herrera 

Casilimas et al. 2012, Strassenkinderreport 2013), using IBSE the need of docu-

menting observations and findings gets visible for them. 

• The teacher students we are working with are only educated in theoretical ap-

proaches to science like treating formulas and calculating values. Investigating 

phenomena empirically is not in the focus of their science curriculum. In order to 

enable them to realize IBSE with street children they have to become familiar with 

IBSE. We are convinced that this requires that the teacher students themselves have 

to learn science within IBSE contexts.  

 

RESEARCH QUESTIONS 

Because our stays in Colombia have been short term stays and the teacher students were 

not prepared for IBSE we were faced with several logistic and scientific problems. The 

main questions that occurred are the following: 

1. How far is it possible to enable and motivate teacher students in teaching street children 

in science using IBSE - within a couple of weeks? 

2. How do the students realize their instructional environments for street children concern-

ing methods and content? 

3. How do the street children react on the teaching offers in terms of participation and in-

terest?  

 

DESIGN AND PROCEDURE 

Co-operating with a teacher training institution in Colombia we are linking cultural aspects 

of education with existing experiences in education for street children and modern ways of 

teaching science (IBSE). Pre-service teacher students at this institution are used to study 

the life of street children and thus are prepared to interact with them. Twice a week, they 

have to offer lessons in a patio e.g. in mathematics, mother tongue, arts. In an accompany-

ing seminar they reflect on their teaching experiences.  

This practice can be seen as a fulfilled pre-condition and has been continued for the project 

presented here: In our project, the students realized science and physics lessons with street 

children of a patio in Medellín and of other kids in the state of vulnerability and reflected 

the teaching-learning situations together with us afterwards. The major challenge for us 

was to enable the pre-service teacher students in applying IBSE. Neither from their own 

science classroom experience nor from their teacher training practices they are equipped 

with adequate skills. 

Through seven visits – between 2002 and 2012 - we generally developed three different 

strategies of working with teacher students and street children: 
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Strategy 1: Science Course – Lesson Preparation – Teaching – Reflection 

Applying Strategy 1 we started with a science course for the students. This course concen-

trated on a specific content like electricity (circuits, electromagnetism) and lasted about 6 

to 12 hours. Here the students could deepen their physics and methodological knowledge 

in an IBSE environment. On that basis and within small groups they developed their own 

units to be taught to street children. The ideas have been discussed internally on the basis 

of the pedagogical content knowledge the teacher students and we had. This phase lasted 

about 2 to 4 hours. The units developed by the teacher students have then been offered to 

street children. Each lesson taught by the teacher students has been observed carefully by 

fellow students and by us; additionally all lessons have been videographed. After each les-

son taught the group met in order to reflect jointly the teaching and learning activities ana-

lysing the videos. Ideas for improvement where gathered and discussed. 

 

            

Figures 1 and 2. Science course for pre-service teacher students on electrical circuits 

 

 

                

Figures 3 and 4. Teacher students prepare science lessons and plan the agenda for their 

course 
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Figures 5 and 6. Teacher students teach their lessons, a joint video-reflection follows  

 

Strategy 2: Lesson Preparation – Teaching – Reflection  

Applying Strategy 2 prior to our visit we had intense contacts via Email with our students 

in Colombia. When we arrived in Colombia the teacher students started immediately with 

the preparation of their own teaching units. This was possible in those years we could work 

with experienced students who already learned with us during former visits.  Thus, the 

teacher students could apply their prior science and teaching knowledge. In addition, the 

teacher students could make their own choices of contents or topics they were interested in 

and which they liked to teach. Our task was to support them with material, methodological 

ideas and scientific explanations. 

The teaching units prepared within a course of about 6 hours then have been realized with 

street children of a Colombian patio.  

The lessons taught by the teacher students, have been observed by fellow students and by 

us. Again all lessons have been videographed. After each lesson the group met in order to 

reflect jointly the teaching and learning activities. Ideas for improvement where gathered 

and discussed. The group which had to teach the following lesson tried to include these 

ideas into their plans and practice. 

 

                  

Figures 7 and 8. Supported by us teacher students prepare IBSE courses for street children 

they then teach in a patio 
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Strategy 3: Exhibition Preparation – Exhibition – Reflection  

To plan and organize an interactive science exhibition for school children as well as for 

street children was the purpose of two other visits. Thus, we prepared and offered a list of 

possible experimental exhibits on different science phenomena. About 20 groups of teach-

er students could choose from this list or bring in additional ideas. Within the first days of 

our visit (about 4 - 8 lessons) the teacher students could try out the selected experiments, 

become familiar with the phenomena and arrange their own interactive exhibits. The ideas 

for the exhibits were presented to the whole group of teacher students and intensely dis-

cussed in order to make them a sustainable experience for the expected visitors. 

For a whole day the exhibition was realized in the school area inside of several classrooms 

and outside in the school yard. The teacher students initiated and supported science activi-

ties for about 1000 visitors including different groups of street children, which have been 

invited and accompanied to the school. The activities during the day of the exhibition have 

been observed by the teacher students and by us. Reports and photographs have been pro-

duced. The exhibition was followed by a group discussion and pedagogical reflection. 

 

              

Figures 9 and 10. The teacher students prepare science exhibits 

 

                                

Figures 11 and 12. Street children while exploring mirrors and solutions 
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DATA ACQUISITION AND DATA ANALYSES 

Applying a field study strategy the data to be used for analyses are field notes. All teaching 

activities of the teacher students have been observed by fellow students and by us; written 

reflections have been initiated and gathered. The activities of students and street children 

have been videotaped and photographed. We recorded observations concerning the appli-

cation of our strategy and the reactions of teacher students and street children at the end of 

each day. 

The data have been analysed qualitatively and mainly validated communicatively during 

our reflection seminars with the Colombian teacher students. According to the principles of 

design based research (Kelly 2006) the development of the teacher students’ skills and the 

street children’s motivation have been analyzed. 

 

RESULTS 

1. How far is it possible to enable and motivate teacher students in teach-

ing street children in science using IBSE - within a couple of weeks? 

For all strategies using the IBSE approach, the teacher students themselves have been ex-

tremely motivated in learning science topics. They have been surprised about this ap-

proach, they told us about their prior experiences and the difference between our IBSE ori-

ented courses and the traditional science lessons at school.  They enjoyed to explore mate-

rial and phenomena empirically and started to pose and follow own questions concerning 

the phenomena they experienced. After first experiences they started to search for further 

information on the phenomena and explanations for their observations. They searched 

within their school booklets for hints and links. They discovered the usefulness of the li-

brary and the internet for gaining scientific background information. We could observe that 

they began to vary the experiments initiated by us, to add material and devices.  

  

                

Figures 13 and 14: Teacher students explore phenomena preparing lessons 

 

On this basis the teacher students became able to motivate street children to do science ac-

tivities. We could observe that the teacher students started to work on the improvement of 

their actions and interactions. They understood that IBSE is a good way to motivate street 

children.  Through developing the instructional design and reflecting the teaching-learning 

situations the teacher students improved their own teaching practice and PCK – progresses 

became visible. 
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Figures 15 and 16. Storytelling and dedicated support   

 

Otherwise, even using Strategy 1, in many cases we could observe that the teacher students 

suffered from a lack of sufficient knowledge regarding the physical content and experi-

mental skills. For example we observed several situations in which the teacher students 

showed difficulties to solve problems that occurred in simple electrical circuits constructed 

by the street children. Short cuts weren’t identified, batteries have been heated, and errors 

have not been detected. It is obvious that for most of the teacher students involved in our 

project such a small number of science lessons are not really sufficient to develop experi-

mental and scientific expertise even within a limited subject area. Nevertheless, on the side 

of the teacher students we could realize an engagement in scientific activities and a prom-

ising motivation to learn more within this field.  

In addition, the project “science for street children” led to several changes in our partner 

institution in Colombia: The vivid interest of the participating teacher students in science 

and science education resulted in a transfer of knowledge and skills. Supplementary sci-

ence offers at the teacher training institution in Colombia have been introduced.  Because 

of the engagement in the international project and the positive experiences with the interac-

tive science exhibitions the institution started to implement a science profile. This science 

profile starts at the kindergarten level and leads through primary and secondary education. 

The science profile currently comprises IBSE peer teaching science activities for the prac-

ticals to be realized with street children, but also in a Science Club weekly offered by 

teacher students for school children of grade 7 and 8. Here the 7 and 8 graders explore 

phenomena and prepare science activities for primary education at their school. Specific 

classrooms are equipped with proved experimental material and literature. The construc-

tion of a special building for science education at elementary and primary level was recent-

ly planned and goes through the administration. The institution aims at becoming a region-

al Teacher Training Center for science education. 

Since about ten years Colombian and German science teacher students increasingly partic-

ipate in an international University exchange program in order to proceed studying at the 

other institution. It appears that the people involved in the project feel more and more in-

dependent and well prepared to improve science education for future science teachers, for 

students and for street children.  

 

2. How do the students realize their instructional environments for street 

children concerning methods and content? 

Developing the instructional design and reflecting the teaching-learning situations the 

teacher students enriched their own teaching practice. They started their lessons tradition-
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ally with socializing activities and formal introduction, but then they included experi-

mental activities to be done by the street children for their first time. They let the street 

children explore phenomena individually or in groups. They supported observations and 

problem solving processes.  

In order to prepare their own instruction the teacher students used the experimental ap-

proach, material offered by us and experiments we proposed. It was interesting to see, how 

the Colombian teacher students combined the new IBSE ideas with elements of their “tra-

ditional” teaching practice like telling stories or playing games which they adapted to the 

current content. The interaction they performed and the learning material they prepared 

was a colourful demonstration of a child-friendly culture. 

Especially when using Strategy 2 and 3 the students introduced a lot of own ideas concern-

ing scientific topics, experiments and handicrafts, adequate for the street children. For in-

stance they introduced the construction of kaleidoscopes and periscopes; they used motor-

bike batteries in order to achieve high electrical currents. They realized new topics like 

measurement of time, magnetism, function and capacity of the human lungs and others. 

However, also concerning an adequate use of the IBSE approach the time we had to edu-

cate and prepare the teacher students appeared to be very short. Since the students often 

tended to interrupt, to correct and to explain too early, they did not show enough profes-

sional patience and expertise in order to support the self-directed individual learning pro-

cesses of the street children adequately. It became visible that the traditional habitus of the 

teacher students concerning a “direct knowledge transfer” is very durable.   

 

3. How do the street children react on the teaching offers in terms of par-

ticipation and interest?  

In general, the teacher students could motivate the majority of street children to do science 

activities.  

Especially applying Strategy 1 and 2 the street children have been experimenting individu-

ally for periods of up to 30-60 minutes. While engaging in the given topics the street chil-

dren used the material extensively and repeated experiments several times. They have been 

surprised about visible effects and phenomena, and showed to be proud about successful 

actions (e.g. constructing an electromagnet or a complex electrical circuit; measuring the 

volume of their lungs or time using the sun light). Especially “take-away-results” like ka-

leidoscopes, periscopes and sundials have been of high interest. The street children treated 

their products carefully, kept them like little treasures and took them “home”. 

 

       

Figures 17 and 18. Science phenomena are interesting and worthy to be explored 
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Figures 19 and 20. The functioning of lungs and how to measure time using sundials 

 

In addition we could observe that the street children have been dedicated to “paper and 

pencil work” following the experimenting phases. Often, at the end of lessons, some of 

them asked for more offers. Applying Strategy 1, street children showed a sustaining moti-

vation in terms of participation in science activities over a period of five weeks.  

 

          

Figures 21 and 22.  Documenting the experiments and discovering electromagnetism 

 

But also challenges for the teacher students became obvious. We noticed particular chil-

dren who were not able to concentrate for longer periods of time. Those kids periodically 

left the actions, but came back later.  

The children always reacted negatively when lessons started with lengthy explanations and 

introductions – a traditional habitus of the teacher students to be neglected. The street chil-

dren used to disturb the course, to play with own toys, and also to argue and to brawl. 

Sometimes some of them left the group in order to explore the world outside the pedagogi-

cal offer. 

Regarding the experimental activities, we had to take into account that every child needs 

own material because most of them are not used to work in groups. Teaching and learning 

material has to be distributed at the time it is needed, because too much on offer leads to 

unplanned actions. 
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DISCUSSION AND CONCLUSION 

The aim of this project was to find ways to educate children who are used to live in the 

street, disconnected from the official school system. We have been working together with 

pre-service teacher students and linked Colombian pedagogy to IBSE. The main challenge 

of our long-term project of about 11 years was the repeated short term presence of our-

selves in Colombia – which was a limitation caused by our own affiliations in Germany. 

Because our stays in Colombia have been short term stays and the teacher students in Co-

lombia were not prepared for IBSE we were faced with several logistic and scientific prob-

lems. Thus we concentrated on the following research questions: 

1. How far is it possible to enable and motivate teacher students in teaching street children 

in science using IBSE - within a couple of weeks? 

2. How do the students realize their instructional environments for street children concern-

ing methods and content? 

3. How do the street children react on the teaching offers in terms of participation and in-

terest?  

The application of three different strategies, especially designed for short stays show prom-

ising results on the side of the teacher students and the street children. It became obvious 

that at first the teacher students need to be introduced carefully into science phenomena, 

experimenting and interactive strategies to be able to offer IBSE in a correct sense. Realiz-

ing that, already at a beginner’s level, the students are able to understand the basic scien-

tific phenomena, to gain necessary skills for experimentation and adequate interaction with 

their learners. Organizing reflexive courses with alternating science seminars and teaching 

in authentic contexts combined with video analyses made it possible to improve the quality 

of the teaching practice performed by the teacher students. Nevertheless, some problems 

with lacking science background knowledge on the side of the teacher students remained. 

We can clearly state that the street children actively participated in the lessons offered by 

the teacher students. They experimented eagerly, asked for more science activities, showed 

learning progresses. They treated their products like little treasures. The teacher students 

have been surprised about the long lasting patience of most of the street children. 

Reflecting our experiences with respect to the different strategies of implementing science 

for street children within an international and intercultural educational project we come to 

the following conclusions: 

For short project stays up to three weeks, already experienced science teachers or science 

teacher students at the partner institutions and intercultural experiences on both sides we 

can recommend the implementation of Strategies 2 and 3. These strategies allow dedicat-

ing sufficient time to work carefully on the development of adequate explorative and in-

structional designs and the reflection of teaching activities in the field. Here it is important 

to take care about the proper application of IBSE for limited science problems and the ap-

preciation of the different cultural conditions. 

For longer project stays of at minimum five weeks Strategy 1 can be recommended. This 

strategy leaves additional and necessary time to deepen science knowledge of less experi-

enced teachers or teacher students. It also allows using and exploring more extensively the 

local conditions and opportunities. 
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It was impressing to see how the project initiated further science education activities at the 

partner institution in Colombia. This offers new possibilities for joint projects and new re-

search fields for the future. 
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Abstract: Students ‘views on gender inequalities in science from a secondary school in 

Argentina were analyzed. Issues (gender effects and women in science under-

representation) from the Science, Technology and Society Opinion Survey were used. The 

results show low global rates, although higher for first year students than fifth and sixth 

year students. To try to improve students´ opinions two didactic sequences (DS) have been 

designed: Scientific Partner and Women´s Brains. 

 
Keywords: gender equity, nature of Science, Science – technology – society, evaluation of 

opinions, students’ thinking. 

 
 “Researches into abstract and speculative truths, the 

principles and axioms of science, everything which 

tends to generalize our ideas, is not the proper 

province of women; (…) women observe, men 

reason.” 

Rousseau, 1756 

 
 

BACKGROUND AND FRAMEWORK 

Arguments like Rousseau´s first began to be energetically discussed in the XXth century, 

at a time when some women embarked on a long struggle to be admitted in the academic 

sphere. In 1910, Alfredo Lombardi publishes in the magazine Monitor de la Educación 

Común en Argentina
i
: “Illustrious wise men hold, based on scientific data and also from 

profound experts, that the woman of wit that performs intellectual tasks is the result of a 

degeneration, a pathological anomaly. Women are undoubtedly mentally inferior (…) for 

our goodness, we should not forget the position each one of us must have in society. 

Women at home and devoted to the family, and with the family in society and for 

humanity. 

Along history women have conquered the possibility to reach the various levels of 

education in general and university education in particular. However, even nowadays the 

situation of women remains exposed to those old trends deeply rooted that see science and 

technology as neutral, what traduces itself in a set of gender biases that become more acute 

along the academic course and professional career. 

The relationship between teachers and students inside the classrooms is crucial, for it is 

within that interaction where the daily exchanges take place, shaping the teaching and 

learning processes and the subjectivities (trans)formations. It is at this interchange that the 

teachers´ stance on the disciplinary contents he/she teaches is what they will actually teach 

along the different encounters. 

The educational system that has included women has been making contributions since the 

first school years to the reinforcement of the teaching girls got at home. We could say that 
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it gradually looked for increasing the efficiency of household training. In fact, school 

legalized and legitimized the suitable household culture for women. It is within this 

framework that the teachers in today´s classrooms were instructed. Their own views on 

science are interwoven with gender conceptions that are subliminally transmitted to 

students on a daily basis which, in turn, results in women´s underrepresentation 

reproduction. 

The educational system must consciously revise concepts like freedom and equality, as it is 

not enough to claim to be equitable and egalitarian. A profound study of the system, 

together with profound changes of the logic of the historically hegemonic patriarchal 

groups who are the ones that exert symbolic violence across the maps and syllabi is 

needed. 

Along their school life, boys and girls learn the way to build relationships with people 

through the observation of the behavior of the others and also through the ways they are 

punished or recognized. A highly suggestive paradox is the one in which Bourdieu 

introduces us to the notion that the dominance relationship between sexes is rooted in the 

school and the State. This forceful claim should constitute the starting point of any attempt 

to modify the inside of the educational system at any interventional level. 

Following Garcia Suarez, we will say that school and the psychological link constitute that 

“gender device” through which an individual learns or transforms the gender components 

of his/her own subjectivity as any other social procedure (2004:3).The suggestion to think 

school and its classrooms through a gender approach is to re-discover the underlying 

arbitrarities of men´s and women´s roles in society. 

The teachers ‘vision of gender is fundamental, as it is them who through their practices and 

speech materialize the either explicit or hidden curricular design inside the classroom 

(Alterman, 2009). If the aim is to get true changes, gender studies at school should go 

“from the margin to the centre,” as the school is one of the institutions (if not the first one) 

where the reproduction of the social order is at stake (Bonder, 2005). 

Therefore, the materials selection and the single interpretation that each member of the 

teaching staff makes along the classes, favours (un)consciously the reproduction of the 

biased models acquired during their own learning process, perpetuating in this way their 

old representations. 

This research aims at contributing with gender studies, analyzing secondary students´ 

opinions of the relationship between gender and Science, Technology and Society (STS). 

These views relate to gender as, at this point, the teaching of science and technology is not 

neutral, teachers have received a biased instruction according to their gender and reproduce 

their model in the classroom. Hence, students get and perpetuate these views. 

 

Rationale and Purpose  

Since their first days at school, children have an important amount of written material at 

hand, and it is by means of this material that they contact images and readings from a far 

away context. Although nowadays many children get information and images since their 

first steps in their lives from the television, smartphones, and an enormous range of 

technological devices that entertain from the early years, the materials the school provides 

have the credit of being the ones selected and used for the transmission of knowledge. 

A thoughtful use of the school materials on the part of the school staff could favour the 

questioning of the alleged partiality and neutrality on which school texts are based and 

selected which, in turn, show a clear encyclopedic approach (Izquierdo Aymerich, 2005). 

Teacher intervention should be oriented to getting students close to understanding that 

knowledge is not a portrait of the world around them but the purposeful consequence of the 

work of scientists that interpret and communicate their knowledge.  

At this stage there is no doubt that sex and/or gender discrimination do not start at school, 
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but it is at school that the different actors and their socio-historically given roles play the 

most part. School overtly manifests everything that takes place in the everyday world, and 

it makes every person inside school face situations that will become visible only if they are 

identified. For this reason, if the school staff´s views on science are androcentrically 

permeated, the images that will be reproduced in the institutions will reinforce the given 

sexual identities historically assigned to the masculine and feminine stereotypes. 

The inequalities that women suffer have come to a point where we should talk about 

poverty feminization (Rodrìguez, 2006) as, although being 50% of the world population, 

they only get a 10% of the income and 1% have access to positions where political 

decisions are made. 

The woman of today must also face restrictions in the choice of studies. Although access to 

higher education is similar, the fact that once there men are women take different courses 

of study cannot be ignored (Bourdieu & Passeron, 2009:19).  

Although it is true that women nowadays go to mixed schools, they know that they leave 

school with different expectations as regards their future work. There is a tendency for 

women to choose arts and humanities, while men prefer science and technology, being this 

pattern more radical in mixed schools than in others (Flores, 2005:78). 

Nowadays, women are still exposed to the resistance of the old tendencies that see science 

and technology as neutral to knowledge and its practices, resistance that unfolds in gender 

biases that place men before women. Thus, women undergo discriminatory situations that 

become more acute along their academic and/or professional careers. 

According to UNESCO (2012) women have reached parity with men in terms of their 

bachelors ‘degrees, and 56% are getting master`s degrees, but this relationship is inversely 

the same in doctorates. Men continue to dominate research, and women continue to 

struggle their way in this field. Worldwide, women scientists are 29% of the total of 

researchers. We believe the reason for that is that the body of knowledge science is 

continues to be seen as neutral. 

Women (as men) build their own identities through life. This subjective construction 

develops inside the family as well as along the institutions that women and men walk 

through in their lives. We must say that we do not believe socialization processes as 

simplified social scripts, predetermined and agreed, that straightforwardly and in a linear 

way have an impact on people. But, taking into account that boys and girls spend around 

13 years of their lives within the formal educational system, we should not dismiss the 

thought that those years are enough to leave unforgettable prints on individual identities. 

The specialist Teresa De Lauretis claims that “subjectivity is (in)generated by a subjective 

compromise with some representations offered by a speeches, habits, and practices matrix” 

(quoted in Bonder, 1999). What we have said takes us to thinking that the school staff must 

be oriented to a deepening of the critical reading of the school practices, making visible the 

fact that these, far from an apparent neutrality, mark students with their identity imprint. 

The educational system has been witness and creator, from the beginning, of the 

differences and discriminations that it expressed, not only within its practices but also with 

its legal norms. That is the reason why we believe that women infra-representation in the 

science and technology systems must be made visible, and didactic ad hoc sequences to 

improve the learning of different aspects of the Nature of Science and Technology where 

gender stereotypes are found must be designed. 

 

METHOD 

We took a sample of the opinions of 1
st
, 5

th
, and 6

th
 year secondary school students 

attending a school located in an urban area of Greater Buenos Aires (Argentina). 

To get their views two types of research tools were used. On the one side, the DS, on the 

other, the evaluation tools that were administered before and after the development of the 
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didactic sequences. 

The two DS implemented in this research were oriented to the gender infra-representation 

in science and to the gender effects in the subjectivities formation. 

The evaluation tools used were the tests administered to evaluate students´ conceptions and 

representations, before and after the didactic intervention, and whose comparison will let 

us determine the efficiency of the intervention tool to improve students ‘learning. 

The evaluation tools used for the pre- and post- survey are built with questions from the 

Science, Technology and Society Opinion Survey (COCTS) (Manassero, Vázquez y 

Acevedo, 2004), and refer to gender effects and the infra-representation of women in 

science. Each of these questions has, in turn, phrases that correspond to three different 

categories: adequate, plausible, and naïve, according to the following meanings: 

- Adequate. The phrase expresses a belief that is appropriate from the perspective of 

the knowledge of history, philosophy, and the sociology of science and technology. 

- Plausible. Although not completely adequate, the phrase expresses some 

appropriate aspects from the perspective of the knowledge of history, philosophy, 

and the sociology of science and technology. 

- Naïve. The phrase expresses a belief that is neither appropriate nor plausible. 

To classify the phrases in each of the categories (A, P, N) the method Vázquez Alonso et al 

(2004) chose was based on the collection of judgements of a chair of experts that used 

COCTS as a tool. It contains a total of 637 phrases where different beliefs and attitudes on 

the Nature of Science and Technology (NST) are reflected from a broad perspective. This 

enables the researcher to get various indicators: a general index for each question and a 

particular index for each of the phrases. These indexes can vary from +1 (indicates 

opinions that match the experts´) to -1. 

After the pre-test, two DS were administered, one called “Scientific Partner” in 1
st
 year as 

part of the contents of a subject called “Citizenship Building”. The other, “Women´s 

Brain”, was developed with the contents of the subjects “Organizational Management” (5
th

 

year) and “Communications and Sociocultural Transformations in the XXI st. century (6
th

 

year). Two months later, students were surveyed for a second time using the same COCTS 

questions as in the pre-test. 

 

RESULTS 

In the 1
st
 year, women show a higher global index than men in all questions, whereas in 5

th
 

and 6
th

 two questions give a higher index to men: the one related to scientific discoveries 

depending on the researcher´s sex, and the one related to the differences between men 

scientists and women scientists. 

In the first question (scientific discoveries depending on researcher´s sex) the global index 

obtained is slightly negative (-0.035). But, if we take only women into account, the index 

is positive for 1
st
 year and negative for 5

th
 and 6

th
 years. This makes as infer that women, 

more than men, are the ones that think that discoveries will not be different depending on 

the researcher´s sex. What is worrisome is that that index becomes negative in higher 

years, what makes as think that school not only does not favour but also worsens girls´ 

beliefs. 

With respect to the indexes for each phrase: 

-the highest (0.696) has been N, naïve. This indicates that students do not agree with “Men 

would make somewhat different discoveries because men are better than women in 

science.” 

- In the second question (ways of making science depending on gender) the global index is 

negative, and it is worse for 6
th

 (-0.109) than 1
st
 (-0.080). With this, again we see a 

negative effect along school years. Although the phrase N, naïve, that expresses “Men 

would work in science in a somewhat different way, because men work in science better 
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than women,” has obtained a positive index (what indicates low agreement) but with a 

significant difference between women´s index (0.697) and men´s (0.333). 

- In the third question (differences between men and women scientists) the global index is 

slightly negative (-0.094), and diminishes along the school years. The phrase with the most 

negative index (-0.436) is P, plausible, that claims “There are No differences between men 

and women scientists because we are all equal, independently of the work we perform.” 

This negative index reveals that students ‘opinions is far from what experts say, that is, 

they believe in the differences between men and women. This phrase´s index also 

diminishes along school years. 

- In the third question, infra-representation, with a slightly positive index (0.102), the 

bigger difference was obtained in phrase N, naïve: “Nowadays, in our country, there are 

many more men scientists than women scientists. The MAIN reason for this is that men are 

stronger, quicker, more brilliant and better at concentrating in their studies.” Women had a 

little agreement (0.663), while men manifested a slight agreement (0.115) 

 
 

DISCUSSION AND IMPLICATIONS 

Science, as any other human activity, is impregnated with researchers´ thoughts, 

ideologies, values, and prejudices. In science, the presence of women is not representative, 

this area of research continues to be a place for men. This is what Harding (1996) calls 

“bad science”, as it gives a partial and androcentric knowledge that, at school, 

unquestionably reproduces itself. 

The educational system, particularly the teachers, must be aware of the influence 

their practices, attitudes and speech have on the subjectivity development and 

transformation of the students. The school as an institution cannot ignore this influence, 

moreover, it must change its actions and become a motor generator of social change. Only 

if the organizations change their norms and practices they will be able to modify the 

gender tendencies in society (Rao, 2002). The importance of education for the individual 

and collective development is the most profitable investment. 

Although it is true that educational programmes destined to men and women do not 

differ in fundamental explicit matters, we must insist on the existence of a strong hidden 

curriculum that starts discrimination mechanisms sheltered behind sexist codes manifested 

through the teachers ‘beliefs and attitudes, of the texts they use, and of the materials 

selected for the teacher training courses that contribute to the reproduction of 

discriminatory roles and conceptions. 

It is essential to manage a concept of equality based on the acknowledgment of the 

individual difference independently of gender. Probably on this solid platform the 

potentials of every human being can be developed, regardless of sex. 

The educational system has the essential conditions and is where the individuals in 

their interactions conform their personal identities. Each social context favours different 

aspects: feelings, thoughts, values, belonging to the interior of each gender and which 

correspond to the power relationships established in the interactions inside the educational 

context (Flores, 2005;78). 

To conclude, school legalized and legitimated the household culture suitable for 

women, naturalized by the globalization processes. Within this perverse logic is where our 

teachers were and are formed. 

From the results of this investigation, we can say that our students still have gender 

stereotypes which have been maintained and stressed by school. A specialist in power 

relationships as Michel Foucault (1996) claimed that in the social framework in general 

and in institutions of confinement in particular (school), strong relations of power are 

manifested. This power is within the relationship between the subordinate and the 
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domination, but we should work for the “building of power” aiming at capacity and action, 

building the power of all social actors without discriminatory limitations (Morgade, 2001). 

This reality is worrisome, as the results show the theory critics as Bourdieu 

manifested, claiming that school and the State that supports it, far from improving, deepen 

stereotyped identities against the feminine gender, which can also be seen in our 

investigation as 1
st
 year students are less biased than their older peers. 

It is extremely important to acknowledge this situation and to include in the syllabi 

activities that explicitly show the Nature of Science and Technology. Teacher training in 

service oriented to the self-reflection of their practices is vital together with the integral 

address and visibilization of the gender relationships that take place at school as part of the 

hidden curriculum constituted as the reproductive matrix of differences. We have no 

intention of displaying a relativistic view of teacher training but highlighting the 

importance of the promotion of the development of a teacher construction from an ethical-

political perspective around the recognition of social differences. 

If school does not let its students build critical identities, the sole idea of change 

seems impractical and unrealistic, “it is not about just changing institutional structures, but 

generating changes in the mental structure” (Stiglitz, 2002) with which students think and 

reflect upon the effects of global processes. 

The terms transformation and modification carry an idea of adaptation, change and 

movement. This inertial movement could settle the basis of resistance with which to find a 

crack in the androcentric power system. The social naturalization processes have been held 

as mechanisms capable of tangling the gender issues re-producing the existing patriarchal 

hegemony. If the possibilities of girl students to recognize themselves as being subject to 

patriarchal logics are not present, it will be very difficult for them to build future reflexive 

strategies to let them transform their own subjectivities. We believe that, if men/women 

teachers reflected together with their male/female students upon the infra-representation of 

women as something which is not natural but due to an androcentric culture passed over 

from centuries, a first step towards change would be obtained. 
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Abstract: This paper reports a number of findings from the Interests and Recruitment 

in Science (IRIS) study carried out in Australia in 2011. The findings concern the 

perceptions of first year university students in science, technology and engineering 

courses about the influence of museums/science centres and outreach activities on 

their choice of course. The study found that STE students in general tended to rate 

museums/science centres as more important in their decisions than outreach activities. 

However, a closer examination showed that females in engineering courses were 

significantly more inclined to rate outreach activities as important than were males in 

engineering courses or females in other courses. The implications of this finding for 

strategies to encourage more young women into engineering are discussed. 

Keywords: IRIS study; women in science, university engineering enrolments, 

museums, science outreach. 

 

INTRODUCTION 

There is a considerable body of research on the influence of museums, science centres 

and outreach programs on students’ attitudes towards and achievement in science. 

There is however far less evidence concerning the degree to which these types of 

extracurricular activities influence young people’s career paths. Dabney et al. (2012) 

note that most research in this area concerns small-scale evaluations of specific 

programs or centres, which vary considerably in format and focus. Consequently, 

there is no consensus about the general value of such programs or centres, or whether 

they have a differential impact on decisions by males and females to enrol in science, 

technology and engineering (STE) courses (Szelenyi & Inkelas, 2011). 

The Interests and Recruitment in Science (IRIS) project was developed in Europe in 

2010 to investigate first year university students’ perceptions of the importance of 

factors from various spheres of influence; family, school, society, etc. on their 

decisions to take a STEM course (Henriksen, Dillon & Ryder, in press). One focus of 

the project was the importance attributed by students to museums/science centres and 

outreach programs. This focus was chosen as the subject of this paper due to the 

current lack of empirical research about the influence of these informal science 

experiences despite their promotion by various organisations, including the European 

Strand 12 Cultural, social and gender issues in science and technology education

2118



Commission, as a means of increasing young people’s participation in science. IRIS 

data have so far been collected from the UK, Norway, Italy, Slovenia, Denmark, 

Sweden, Austria, Germany and Australia. This paper presents the views of Australian 

students on the role of these out-of-school experiences in their decisions. 

LITERATURE REVIEW 

The last two decades have seen increasing concerns about declines in the participation 

of young people in STE. An allied concern has been the persistent low representation 

of women in some STE fields, particularly physics, engineering and information 

technology (IT). An OECD survey of 32 countries reported that overall, 58% of 

tertiary Type A qualifications were awarded to women in 2009. However, only 19% 

of IT degrees, 43% of physical science degrees and 26% of engineering, 

manufacturing and construction degrees were awarded to women (OECD, 2011). The 

situation in Australian reflects this international pattern, although the percentage is 

even lower for engineering. Figure 1 summarises the percentages of female 

enrolments in STEM fields in Australia between 2002 and 2009. Two trends are 

apparent from this figure. First, women are persistently overrepresented in the 

Biological sciences and ‘Other natural and physical sciences’ and underrepresented in 

the Physical sciences (physics and astronomy), IT and Engineering. Second, female 

representation in most of these fields declined over this period.  

 

Figure 1: Percentages of female enrolments in Australian university STEM courses - 

all levels, domestic and overseas students (adapted from Dobson, 2012). 

 

There are indications such disparities are likely to continue. According to the results 

of the 2006 Program of International Student Assessment (PISA), the mean 
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percentage of 15 year-old boys planning to enter engineering and IT/computing 

careers in OECD countries was 0.18%. The mean percentage of 15 year-old girls with 

similar intentions is only a quarter of this at 0.047% (OECD, 2006). In Australia the 

mean percentage for girls was nearly six times lower than for boys.  

In response to such statistics organisations around the world including the European 

Commission have invested substantially in strategies to encourage more women into 

these STE fields. In particular, the Commission aims to support informal science 

education via science centres and museums through the “Young People and Science” 

component of its 7th Framework Program. However, the issue of the contribution of 

museums/science centres and outreach activities towards students’ decisions is 

complex (Bray and Cridge, 2012).  While there is some evidence that males and 

females engage differently with science museums and outreach activities (e.g. 

Greenfield, 1995), the literature is particularly thin with respect to whether these 

experiences have a differential influence on the university choices of males and 

females. Salmi (2002) suggested that experiences of informal science education in 

Finland had a greater effect on females than males, though it is unclear whether this 

related to intentions to enrol or actual enrolments. A review of the efficacy of science 

centres in England concluded that “there is a disappointingly low amount of 

evaluative evidence for both science centres and … programmes” due primarily to a 

lack of reliable information on their long-term impacts (Frontier Economics, 2009). 

The report also found a similar dearth of international evidence. 

 

RESEARCH QUESTIONS AND METHODOLOGY 

The IRIS study represented an opportunity to gather such international evidence. The 

questionnaire was developed by the European IRIS partners and provided to 

researchers in other countries. The Australian data were collected in late 2011 by a 

team of researchers from seven universities, and a report – Starting Out in STEM 

(Lyons, Quinn, Rizk, Anderson, Hubber, Kenny, Sparrow, West & Wilson, 2012) was 

released in 2012. The results presented here relate to responses by 2497 Australian 

students from 29 universities enrolled in physics/astronomy, chemical science, 

biological science, earth science, ‘other natural and physical science’, engineering and 

IT courses. Table 1 provides a breakdown of these respondents by course and sex. 

This paper addresses the question of how important first year university STE students 

consider their experiences of museums and science centres to have been in their 

choice of course. Accordingly, students were invited to respond via a five point 

Likert-like scale (from very important to not important) to two IRIS items: 

 How important were museums/science centres in choosing your course? 

 How important were Outreach activities in choosing your course? 
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Table 1 

Breakdown of the Australian IRIS sample for this analysis by sex and STE Field of Education. 

NB: Small discrepancies between column totals and the overall cohort are due to missing 

Field of Education data from some respondents. 

 

Field of Education Female Male 

Physics/astronomy 32 97 

Chemical sciences 51 82 

Biological sciences 431 166 

Information Technology 53 204 

Engineering 190 732 

Earth Sciences 44 47 

Other Natural and physical sciences 250 107 

Total 1051 1435 

 

Respondents’ ratings of these items were analysed by crosstabulation and chi-squared 

contingency table tests. This procedure was likewise used to establish whether there 

were any significant sex or Field of Education differences in responses to each item. 

A significance level of 0.001 was adopted for tests across the whole cohort. For tests 

across smaller categories of respondents – for example, males and females within a 

particular STEM field – results up to the p<.005 level are reported as strongly 

suggestive of a relationship between the relevant variables. Cramer’s V was used as a 

measure of effect size to determine whether any significant differences were 

meaningful. Details of the methodology can be found in our IRIS report 

(http://simerr.une.edu.au/pages/projects/132iris_report.pdf). 

 

RESULTS AND DISCUSSION 

Overall results 

Figure 2 shows a breakdown of respondents’ rating of the importance of 

museums/science centres and outreach activities in their decisions. The figure shows 

that 30% of students rated museums/science centres as important or very important in 

their course decisions. By comparison, 25% of students rated outreach activities as 

important or very important, though 58% considered these to be of little or no 

importance.  
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Figure 2. Breakdown of respondents’ ratings of the importance of Museums/science centres 

and Outreach activities in their decisions to enrol in university STE courses. 

 

Sex differences in ratings 

The difference between males and females on these items were investigated via chi-

square analysis of contingency tables. This revealed that significantly more females 

than expected rated museums/science centres as important in their course choice (χ2 

(4) = 39.80; p<0.001; Cramer’s V = 0.127, ASR = 4.7), while more males than 

expected rating these as not important (ASR=3.2). The differences had a small effect 

size. There were no significant differences in the ratings of males and females on the 

importance of outreach activities in their decisions. Some indication of these results 

can be gained from the plotting of mean ratings in Figure 3. It should however be 

recognised that our conclusions are based on the chi-square analyses of rating 

frequencies rather than the means depicted in this figure, which is included here as a 

visual cue. 

 

 

Figure 3. Mean ratings by males and females of the importance of Museums/Science centres 

and Outreach activities. 
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Ratings by students in different STE fields 

The ratings patterns of respondents in different STE fields were also investigated via 

chi-square analysis of contingency tables. No significant differences were found in 

ratings of the importance of outreach activities. By contrast, several significant 

differences were found in the levels of importance attributed to museums/science 

centres (χ2 (24) = 117.717; p<0.001; Cramer’s V = 0.134). First, students enrolled in 

biological science rated these as having been very important in their decisions 

significantly more often than expected (ASR=6.9). Second, students enrolled in 

engineering rated museums/science centres as ‘very important’ significantly less often 

than expected (ASR -5.7). Finally, IT students rated museums/science centres as ‘not 

important’ significantly more often than expected (ASR = 6.8). 

Ratings by males and females in different STE fields 

The results in Figure 1 give the impression that museums/science centres tend to have 

a greater influence than outreach activities on students’ decisions to enrol in STE 

courses, and in general this is the case. However, further analysis of ratings by males 

and females in different STE fields revealed that this was not the case for females in 

engineering, who rated outreach activities as important in their decisions significantly 

more often than expected (χ2 (4) = 18.68; p<0.001; Cramer’s V = 0.143, ASR= 4.1). 

The effect size was small. There were no significant differences in ratings by males in 

different STE courses. 

The analysis also revealed that females in engineering were more inclined than 

females in other STE courses to rate outreach activities as important in their decisions 

(χ2 (4) = 54.49; p<0.001; Cramer’s V = 0.114, ASR= 4.0). In contrast to the overall 

cohort, female engineering students also rated outreach activities as more important in 

their decision than museums/science centres.  

Conclusion and implications 

These results indicate that while museum/science centres and outreach activities in 

general might be regarded as of moderate importance in encouraging Australian 

students’ to take up STE courses, females taking engineering attribute a higher value 

to outreach opportunities than males taking engineering and females taking other STE 

courses. Whether such opportunities introduced them to engineering, acted as a 

catalyst or simply confirmed a decision already made is a question in need of further 

research. Regardless, this result suggests there is value in supporting outreach 

opportunities targeting girls in engineering. 
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Abstract: The purpose of this paper is to examine the level of awareness that Irish 

science teachers possess of the problems which linguistic diversity poses to pupils, 

specifically in regard to the language used in science education.  It also identified 

whether teachers have experienced any of these problems in their own teaching and 

assessed if and how they respond to the problem(s) created by the complex and multi-

faceted nature of the language of science. Data was collected using questionnaires 

from 86 science teachers within the Munster region in Ireland. These were analysed 

using the SPSS package (version 19).  Following on from the questionnaire, teachers 

were asked to identify words which might cause confusion to pupils in the extracts of 

text they were presented with.  The findings of both aspects of this study; the 

questionnaire and case study, are presented in detail in this paper. These findings will 

be used to guide the development and evaluation of teaching and learning strategies 

and materials, to assist in making the teaching and learning of science at second level 

Junior Cycle more effective and to reduce the rate of attrition from science. We 

cannot improve Irish second-level science education without addressing the 

underlying problems resulting from linguistic diversity. Language is a major barrier to 

understanding and enjoying science in the junior cycle, thus action is needed in order 

to improve the take-up of science at senior cycle and consequently at third level.  

Keywords:  Language in science; second-level; diversity 

 

INTRODUCTION 

The language of science is a problem that students face at both second and third-level 

education. Wellington and Osborne (2001) claimed that “language is a major barrier 

(if not the major barrier) to most pupils in learning science” (p. 2). Science has its 

own language and difficulties presented in acquiring and understanding this language, 

act as barriers for many pupils. This statement is verified when one studies the science 

as the language of science is multi-faceted: 

1. it has a specialised, precise and unfamiliar vocabulary; 

2. it uses terms with different meaning in everyday settings to those when in 

a scientific contest; 

3. it has challenging written and oral demands; 

4. it uses symbolic language which contributes to students’ difficulties with 

science; 

5. its use of logical connectives; 

6. its use of mathematics. 
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According to Rutherford (1993), the language of science transcends other language 

differences. The disparities between everyday language and scientific terminology 

means that every student of science, regardless of them being a native or  non-native 

English speaker, are learning a new and complicated language when learning science 

(Garraway, 1994). Consequently, the multi-faceted nature of scientific language is a 

problem for native and non-native English speakers, although it is intensified for the 

latter group (Childs and O’Farrell, 2003) and is enhanced in mixed-ability teaching. 

This is very pertinent to Ireland’s school population, which since the start of the Celtic 

tiger era has become increasingly more culturally and linguistically diverse (NCCA, 

2006), a trend which continues to persist according to a survey conducted by The Irish 

Times (30 March 2012, p. 62). However, to-date in Ireland, little research has been 

conducted into the problems caused by language in the teaching and learning of 

science in second-level schools. 

The purpose of this paper is to examine the level of awareness which Irish science 

teachers possess of the problems which linguistic diversity poses to pupils in science, 

specifically in regard to the language used in science education.  It also identified 

whether teachers have experienced any of these problems and assessed if and how 

they respond to the problem(s) created by the complex and multi-faceted nature of the 

language of science. The study is part of a larger project which aims to assess the role 

which language plays in science education in Ireland.  

The basis of this research project is captured in Jonathon Osborne’s words (Osborne, 

2002): 
 

‘Science without literacy is like a ship without a sail. So just as it is 

impossible to construct a house without a roof, it is impossible to build 

understanding of science without exploring how the multiple languages of 

science are used to construct meaning.’ 

 

The old proverb says that given a fish, one can eat for a day; taught to fish, one can 

eat for a lifetime. We cannot improve second-level science education without 

addressing the underlying problem of scientific language, as language is a major 

barrier for many students in understanding and enjoying science in the junior cycle. 

Helping students to master the language of science enables them to become fishers 

themselves, with a lifetime thirst for knowledge and the skills to seek and learn on 

their own (Staver, 2007). Science teachers are central agents to achieving this goal, 

accordingly they need to be aware of the difficulties pupils are presented with when 

learning science and equipped with teaching strategies and methodologies to 

alleviate and deal with pupils’ problems in their own teaching.  

 

 

METHODOLOGY 

To examine the level of awareness of teachers in both theory and practice, a dual 

methodology was employed; a questionnaire and a case study. The overall aim of the 

questionnaire was to ascertain if teachers are aware and/or have experienced any of 

the problems which the language of science poses to their Junior Cycle second-level 

pupils. 
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The questionnaires took on average twenty minutes to complete and consisted of 

four different parts including a miscellaneous section as follows: 

Part One: Background Information 

Part Two: The Teaching and Learning of Science 

Part Three: Language in Science Education  

Part Four: Collaborations and Support  

Miscellaneous 

The favoured format for the questionnaire was a mixture of closed, structured and 

open ended questions. The closed questions enabled the researcher to analyse the 

responses with ease and record the results using the SPSS Version 19 statistical 

computer software. They are also easy to administer within the cohort as they are 

quickly answered. Closed questions by their nature imply that the respondents are 

limited in their answers (Walonick, 1993). To overcome this disadvantage, some 

Likert-scale and also some open-ended questions, with adequate space for 

respondents to expand their thoughts and opinions, were provided. Open 

questions were recorded and coded. There was sufficient space left at the end of 

both of the questionnaires to allow the participants to include additional 

information applicable to the study and/or to ask questions pertaining to the 

study.  

After the questionnaire was designed, the next step was to pilot it. Piloting the 

questionnaires was essential to avoid confusion and error which may jeopardise 

the reliability and accuracy of the research findings. The teacher questionnaire 

was piloted in four post-primary schools, with fourteen science teachers in total 

(three from Limerick and one from Cork), which the researcher had a personal 

connection with. These teachers were excluded from the main sample. In total 

nine questionnaires were returned giving a response rate of 64%. They felt that 

the information sheet was “a nice touch” and it made them more inclined to 

answer the questionnaires truthfully and with more attentiveness. In general, 

these teachers stated that the questionnaires were simple to understand, had a 

good format and were not over burdening to answer. However, two of the 

teachers had trouble understanding what three of the questions were asking due to 

the language that the researcher had utilised.  

Once the pilot study was completed, further adjustments (mostly to the language 

used) were made to the questionnaires in order to make the questions more 

comprehensible and unambiguous. Piloting the questionnaires proved to be very 

important to this research study as it enabled the researcher to revise the original 

questions in a manner which increased their suitability for their target audience.   

According to Borg and Gall (1983, p.241), the first stage in sampling is to define 

the target audience. The overall aim of the questionnaires was to ascertain if 

teachers are aware and/or have experienced any of the problems which the 

language of science poses to pupils. Therefore, practising teachers of science 

were labelled as the target audience in this phase of the research. However, “the 

cost of sampling an entire population to answer a specific question is usually 

prohibitive in terms of time, money and resources” (Lunsford & Lunsford, 1995). 

Therefore, it is essential to select a subset of subjects which are representative of 

the target population (Lunsford & Lunsford, 1995). 
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The process of selecting the target population for the practising science teacher 

questionnaire was demanding. The first step in choosing the sample was to see if 

the school types in Munster provided a representative sample of all schools in 

Ireland. Table 1 and 2, highlight clearly that this was the case.  

 

Table 1 

 Breakdown of Post-primary Schools in Ireland according to School Type 

Secondary 

 

Vocational Community and 

Comprehensive 

Total DEIS 

403 247 91 742 202 

54% 33% 13% 100% 27% of total 

schools 

 

 

Table 2  

Breakdown of Post-primary Schools in Munster according to School Type 

Secondary Vocational Community and 

Comprehensive 

Total DEIS 

122 70 24 212 43 

57% 33% 11% 100% in Munster 

29% of total 

schools in Ireland 

22%  of total 

schools 

 

Once it was established that the schools in Munster were representative of the national 

cohort, the researcher was satisfied to concentrate the distribution of questionnaires to 

100 schools in this area.  In order to achieve an accurate and representative range of 

school types, a systematic stratified sampling approach was employed.  

Table 2 clearly highlights that 57% of schools in Munster are Secondary Schools, 

33% are Vocational Schools and 11% are Community and Comprehensive 

Schools,  thus to provide an proportionally representative sample of these schools 

in a school cohort of 100, 57 schools will be Secondary Schools,  33 will be 

Vocational Schools and 11 will be Community and Comprehensive Schools.  The 

212 schools, excluding the four schools used in the pilot study, were then divided 

into strata according to school type and each were assigned a number which was 

recorded. The appropriate number of schools was then randomly selected using 

the online research tool of Research Randomizer accessed via 

http://www.randomizer.org. Once the schools had been randomly selected, the 

researcher then established how many science teachers were in each of the target 

schools including the name of the teachers (accessed from rate my teacher.ie).  In 

total 400 questionnaires were sent to the 100 target schools. There were 86 

(21.5%) respondents to this questionnaire from 29 (29%) schools. The collected 
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data was recorded and analysed using the Statistical Package for Social Sciences, 

SPSS Version 19. 

Phase One of this project involved an in-depth literature search and establishment 

of science teachers’ perception regarding the problem of the use of language in 

Science Education in both theory and practice. The questionnaire established 

teachers’ level of awareness to the aforementioned problem in theory but to 

validate such data the researcher felt that their level of awareness to the problem 

in practice should also sought.  

Extracts of text were also distributed to second-level teachers to assess how 

aware they are in practice to the words which present a problem to the pupils in 

their class. The two extracts of text were chosen from a well known Junior 

Science textbook due to their richness of the use of the multi-faceted language of 

science. The extracts were administered to 27 teachers in 14 schools in April-May 

2013. The schools were chosen in order to achieve a representative sample of the 

type of schools present in Ireland (Refer to table 1).The data was manually 

analysed by the researcher. This was done by firstly assigning a different colour 

to each of the facets of the problem of language in science e.g. technical words 

were assigned the colour red and then assessing how many teachers recognised 

each of the different problem words. The following is one of the extracts showing 

some of the colour coding system that was utilised.  

 

Extract 1 

Chromatography! 

Paper Chromatography is used to separate mixtures of substances which are in 

solution. The different substances move or wash through the paper at different rates. 

They are carried by a suitable solvent.  

Chromatography is an ideal separation method for separating the dyes found in inks 

and for identifying blood samples.  

 

The findings of both aspects of this study; the questionnaire and the case study, will 

be used at a later stage of the project to inform the development and evaluation of 

teaching and learning strategies and materials for the teaching of science at Junior 

Cycle.  

 

RESULTS 

From the Questionnaire 

In the following results, the ‘strongly agreed’ and ‘agreed’ and the ‘strongly 

disagreed’ and ‘disagreed’ categories have been combined and are reported 

respectively as ‘agreed’ and ‘disagreed’.  

It was found that 100% of the teachers surveyed (N=86) recognised that the language 

of science is a barrier to pupils acquisition of knowledge and understanding, however, 

this is not reflective of their views on the enormity of the barrier. Further questions 

discovered that 48% of these teachers perceived it to be a major problem while 64% 
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of teachers ‘agreed’ that the language of science is the main stumbling block for 

pupils in understanding and learning science. It was also found that of the teachers 

surveyed,  90% of them ‘agreed’ that they have witnessed problems which pupils 

have with the language of science in their own teaching.  

These figures represent a clearer insight into the awareness and opinions of practising 

science teachers in Ireland to the problems presented by the language used in both 

teaching and learning science.  

The questionnaire next sought out information on what areas of language were 

causing the greatest and most noticeable problems to pupils. 66% of teachers ‘agreed’ 

that the language used in written materials including examinations papers is often too 

complicated for pupils to understand.  

The factors which intensify language problems for pupils were next established. As 

previously stated, while teachers recognise that the language of science is a barrier to 

pupils acquisition of knowledge and understanding, 85% of teachers ‘agreed’ that 

pupils for whom English is not their first language and also pupils with a low literacy 

level are presented with a dual barrier with regard to understanding science. 66% of 

teachers also ‘agreed’ that they are more cognisant of the problems posed by the 

language of science to these cohorts of pupils, although they are aware that it is a 

whole school problem.  

Although 83% ‘agreed’ that they have done something to address the problem, 67% 

of teachers ‘disagreed’ with the statement that they feel adequately equipped with 

teaching strategies to deal with the problems posed by the language of science. 

From the Case Study 

In total 27 teachers participated in the case study, of which 100% of them highlighted 

the technical words in the passages as problem words. However, it is important to 

note that none of the teachers (0%) highlighted the logical connectives as possible 

problem areas or sources of confusion for pupils. To validate such a finding about the 

logical connectives, after completing the task all teachers were asked if they had given 

such words any consideration in the teaching. The unanimous response was no.  

The results for the dual meaning and technical words was more positive in that 

11(41%) of the teachers highlighted some of the words as ‘dual meaning’ words but 

they failed to find all the words in this category. The most commonly found word was 

‘mass’.  3 (11%) teachers highlighted ‘solution’, 1(7%) highlighted ‘dating’ while 

‘rates’, ‘mixture’ and ‘separation’ were not highlighted as words with a dual meaning 

or words which may present any confusion to pupils. No teacher (0%) thought of the 

dual meaning associated with the word ‘element’ i.e. the element in a kettle.  

No teacher (0%) highlighted any of the non-technical words (in pink) as words which 

may cause pupils confusion or might need to be explained in a clearer manner.  

 

DISCUSSION AND CONCLUSION 

It is clear from this initial work that the majority of Irish Science teachers have 

witnessed the problems presented by the language used in science education in their 

own teaching and have identified it as a problem, which is intensified for non-native 

speakers of English and pupils with low literacy levels. However, teachers recognise 

that this problem is not exclusive to these cohorts of pupils, but is rather a whole 
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school problem. While Irish teachers have a level of awareness to the aforementioned 

problems, this awareness appears to be almost limited to the technical language of 

science e.g.  isotope. The results of the teacher questionnaire from phase 1 found that 

87% of teachers were aware that the vocabulary and usage of normal English in a 

science context was a problem for pupils (be it as the only problem or a problem in 

conjunction with the technical language of science), however only 11 teachers (41%) 

actually highlighted such words in the two extracts from a science textbook provided. 

This raises concern about the level of awareness that teachers have in practice to these 

non-technical words or words which a have a dual meaning, and as such how are they 

dealing with these words when met in their own teaching.  

This is worrying considering the findings of the Cassel and Johnstone (1985) study 

which stated that 

“the problem lay, not so much in the technical language of science, 

but in the vocabulary and usage of normal English in a science context. 

Pupils and teachers saw familiar words and phrases which both 

“understood”, but the assumption that both understandings were identical 

was just not tenable.” 

It is also apparent that a high proportion of teachers have made an attempt to 

address this problem. However, the majority of teachers feel that they are not 

adequately equipped with teaching methodologies and strategies to deal with the 

problem posed by the language of science, and to allow them to lower the 

language barrier in order to create an inclusive and all encompassing learning 

environment.  

Based on the findings of this current study it is clear that teachers do not possess a 

comprehensive understanding of problems which the language used in science 

education can present to pupils. However, teachers appear to be positive about getting 

some assistance regarding teaching strategies and materials to help alleviate the 

problem in their own teaching. Afterall, the “quality of education that teachers 

provide to pupils is highly dependent upon what teachers do in the classroom. Thus, 

in preparing the pupils of today to become successful individuals of tomorrow, 

science teachers need to ensure that their teaching is effective. Teachers should have 

the knowledge of how pupils learn science and how best to teach” (Zakaria et al., 

2006).  Knowledge which does not inform practice is as worthless as a fishing rod 

without bait. Science teachers are central agents to achieving this goal, accordingly 

they need to be aware of the ways in which pupils learn science and the difficulties 

pupils are presented with when learning science and thus equipped with teaching 

strategies and methodologies to alleviate and deal with pupils’ problems. Failure of 

teachers to incorporate these proven methods which assist pupils with learning science 

into their teaching practices inhibits pupils from becoming fishers of knowledge and 

understanding themselves (Staver, 2007). 
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Abstract: This paper discusses a collaborative research and development project of science 

teachers, German as a Second Language teachers, and science educators. The project 

follows the model of Participatory Action Research in science education. It focuses on the 

development of teaching plans for early lower secondary school science lessons (grade 5, 

age 10-11) on different topics, e.g. energy from the sun. The teaching plans consequently 

implement the integration of content and language using the Content and Language 

Integrated Learning (CLIL) approach. All lessons are structured through cooperative and 

autonomous learning methods. In the present lesson plan, everything is developed within a 

framework using comic book as a format. The research focuses on the question: To what 

extent it is possible to simultaneously learn science, scientific language and the German 

language, if pupils work autonomously in cooperative learning settings structured around 

comic book? Data is collected through student feedback questionnaires, tests of pupils’ 

knowledge and teacher feedback. The initial results show that it is possible to successfully 

teach employing a comic book-based framework. Students were highly motivated and the 

lesson plans showed potential for improving students` learning of science subject matter, 

while simultaneously contributing to improvements in the learners’ German language 

skills. This paper provides insights into the structural elements of the lesson plan and 

reflects upon both the potential and the consequences of the cooperative, autonomous 

learning methods selected for this lesson plan. 

Keyword: language sensitive lesson plans, comics, cooperation science and language 

 

THEORETICAL FRAMEWORK  

Many of the problems arising from multilingualism in school contexts are mainly 

connected to a students` migration background. This is true around the globe. Students 

with a migration background tend to have less educational opportunities for success as 

compared to “native speaker” students (Stanat et al., 2010). Different studies show that 

those students reach lower levels of linguistic competence comparing to the national norm 

and achieve lower levels of education than native speaking students (Lee, 2001). However, 

lacking differentiation in language is a phenomenon which is not exclusively found among 

students with migration backgrounds. In the last years, even native speakers students have 

been identified as having difficulties with their mother tongue, especially if they come 

from a lower social or economic background (Tajmel, 2010). Furthermore, we also know 

that students with lower linguistic skills have fewer possibilities of actively and 

successfully participating in classroom activities (Seedhouse, 2004).  

Different studies show that science teachers see language and students` lower linguistic 

skills as a barrier to learn and understand science (e.g. Moore, 2007; Cho & McDonnough, 

2009). Although this is truth, most of the teachers do not pay attention to language in 
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science classes. Mainly the teachers see a dichotomy between chemistry and science 

(Moore, 2007). Maybe this is following the idea that hard science and the humanities are 

representing non-overlapping magisterial. Thus, most of the teachers do not feel and see 

the need to teach the language in their science classes or to pay attention to this issue. The 

science teachers are not very sensitive for students` linguistic difficulties and do not feel 

competent or even responsible to deal with such problems during their chemistry lessons. 

Lee at al. (2009) showed that even if the science teachers are paying attention to linguistic 

issues among their students, they tend to do so quite randomly. Additionally to this result, 

the study of Verplaetse (1998) shows that teachers tent to talk different to English 

Language Learners (ELL). They usually speak slowly with ELL, use simpler words and 

tell students exactly what to do rather than asking them questions. When they do employ 

questions, they use simple yes/no-questions instead of asking the questions which 

demanded high-level thinking and linguistic skills. Thus, students in such situation don’t 

have an opportunity to improve their language and to engage themselves in chemistry 

lessons. However, all students with less developed linguistic skills in a country’s official 

school language tend to have serious problems in learning subject-matter content, because 

they often have an insufficient grasp of the rules governing the spoken and written 

language they are expected to master and use (Howe, 1970; Johnstone & Selepeng, 2001). 

Not only teachers` sensitivity for this issue is missing (although it is important), teachers 

also miss the strategies and teaching materials for dealing with linguistic heterogeneity in 

their science classes. Teachers in Cho and McDonnough’s (2009) stated that the most 

prevalent accommodation made by the teachers was giving ELLs additional time to 

complete assigned tasks. The second-most popular strategy was slowing down the 

teachers’ rate of speaking to aid in understanding. This strategy is closely followed by the 

strategy of grouping ELLs together so that they can help one another. Reading the results 

of the study it was interesting to note that alternatives like providing different tasks and 

assignments, substituting differentiated instructional materials, or using other 

grading/assessing methods were the least-adopted accommodations on the list, occurring 

only rarely or never. However, these results are not only truth for teachers in the study by 

Cho and McDonnough (2009). This is also the case for German context as shown in the 

study by Markic (in print). Discussing the results of their study, Cho and McDonnough 

(2009) assume that the lack of supplementary teaching materials in ELL classrooms is the 

lack school resources actually available to teachers could be one of the main reasons for 

this behavior. Another reason for lacking accommodation in these areas may be that 

teachers don’t know how to properly adjust their instruction, instructional materials, 

assignments and tasks for ELL students. The very limited use of accommodation strategies 

and tools found in the both named studies must lead us to the conclusion that a pressing 

need for targeted professional development exists in much of the educational world. 

To sum up: Less-developed language faculties make the learning of content more difficult. 

Science teachers need to be conscious of this issue in their classrooms. Furthermore, they 

need to change their teaching practices and develop new educational concepts which can 

both satisfy students` learning needs and better students` overall linguistic skills. If 

students don’t understand what is communicated to them and cannot participate actively in 

lessons, they lose their motivation and personal interest in both the school subject and its 

content. 

Comics and cartoons are not only motivational tools for students, but can also support and 

aid in developing language skills among pupils. Furthermore, comics promote students` 

reading skills and their creativity (Grünewald, 2003). For example, reading a comic like a 

Strand 12 Cultural, social and gender issues in science and technology education

2134



play in the theater can help facilitate students` active participation in the classroom and 

boost concentration levels, while surreptitiously bolstering the learner’s active and passive 

vocabulary (Saleh Muhammad Ali, 2009). Thus, comics appear to be a tool which can both 

promote learning among students and support the teaching practices of educators. 

However, comics for science lessons are quite rare and hard to find. No complete teaching 

units using comics exist. Materials tend to cover one single lesson with a maximum of just 

an hour or two of teaching time. 

  

RATIONALE 

Starting from the named issues while teaching science in language heterogeneous classes, 

the here presented project of research and development seeks to create teaching methods 

and learning materials for linguistically heterogeneous classes, including researching their 

effects. A group of chemistry and science teachers, teachers of German as a Second 

Language (GSL), and university science educators are attempting to jointly develop lesson 

plans for lower secondary school science lessons on various topics. The lesson approach 

and the learning materials consequently focus on the integration of content and language 

through use of the Content and Language Integrated Learning (CLIL) approach, which 

employs also cooperative, autonomous learning methods. For the present lesson plan the 

research question centers around the evaluation of comic book-based learning. The main 

question asks:  

To what extent it is possible for learners to simultaneously learn science, 

scientific language and the German language, if they can work autonomously 

in cooperative learning settings structured around comic book? 

  

METHOD AND SAMPLE 

The project is based on the Participatory Action Research (PAR) model of science 

education (Figure 1; Eilks & Ralle, 2002,). PAR is a joint effort employing both teachers 

and university science educators in curriculum development, educational research, and 

classroom innovation. 
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Figure 1. Participatory Action Research within science education 

 

This paper reports on the results of a group of nine chemistry and science teachers and 

three GSL teachers from several different schools, who are collaborating with university 

educators. The group meets regularly every three to four weeks and has been developing 

this lesson plan for roughly one year. During the group meetings, changes in practice are 

negotiated, ironed out and refined, so that they can be applied in classrooms, reflected 

upon and further revised. Table 1 gives an overview of the lesson plan. The topic is 

“Energy from the sun”.  

Up to now, testing and evaluation have taken place in seven learning groups (age range 10-

11) with a total of 200 students. 109 students were female and 93 male. Almost 60% of the 

students (N=117) were having migration background (mainly Turkish and Russian) and ¼ 

of all of the students do not speak German at home and have mainly friends that speak 

their mother language.  

These seven learning groups were continuously accompanied and observed by one of the 

university researchers. After each lesson period, a reflection period is carried out with the 

teacher responsible and documented by a narrative report. All teaching experiences were 

regularly discussed with the entire action research group. Each learning group took a test 

of knowledge and filled in a student feedback form, which consists of a combination of an 

open and a Likert questionnaire. 
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Table 1 

Overview of the lesson plan ”Energy from the sun” 

Phase Content and Methods 

1. Introduction  Work in teams of two dealing with the sun and its properties 

 Group work on light, heat and ultraviolet rays 

2.Work phase  Working with experiments and work sheets (learning at 

stations) to learn about the energy coming from the sun 

3.Practical 

work and 

Review 

 Development of a project discussing thermal isolation 

 

Comics in this lesson plan are role-played by one student of each sex. At the end of every 

conversation there is an open question that should be answered during the lesson time. All 

stories are taken from everyday life. Furthermore, the comics are not separate from each 

other and the topic progresses from one lesson to another. The comic story for the entire 

lesson plan encompasses a total of 8 hours. Figure 2 shows detail from the comic. This is 

the story at the very beginning of the lesson plan.  

 

 

Figure 2. Detail of a comic from a lesson plan “Energy from the sun” 

 

RESULTS AND DISCUSSION 

The evaluation of the lesson plan testing shows that the variety found in both the 

cooperative learning approach itself and the experiments performed motivated the students, 

while simultaneously making the lessons more attractive to them. Furthermore, it was easy 
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to see that such a language-sensitive approach can help students to better understand the 

lessons. The comic book roles played out in story form were positively received by the 

learners and were enthusiastically carried out. The science teachers testing the lesson plan 

were also happy with the product itself, with the openness of the lesson plan and with the 

overall motivation in their students. They mentioned that even shy pupils or those with 

lower levels of linguistic skills were also motivated to read the comics and actively 

participate in the group. 

Furthermore, the evaluation shows that students view the use of comics as the largest 

difference to previous science lessons. More than 90% of the 200 students who participated 

asked for more comics, not just in science classes, but also in other school subjects. They 

said that the content and the structure of the lesson were presented more clearly through 

the use of comics. Furthermore, students actively discussed their understanding of the 

lessons. This provides a test of their accumulated knowledge. The majority of students 

passed the final exam successfully and achieved average scores of well over 50% of the 

possible points. They liked the simple sentences in the comics, which made the text much 

more understandable and highlighted the problems to be solved. 

The end result is that comics represent one possibility for designing better lessons plans 

which facilitate students` linguistic skills and raise their intrinsic levels of motivation. 

Educators can view this as an excellent educational opportunity for science, especially in 

the case of students with low levels of language skill mastery. However, comics are not a 

panacea for all learning ills. They do, however, provide a first step towards better and 

language-sensitive science lessons. 

Finally, as already shown in Markic (2011; 2012) also here is clear that the cooperation 

between chemistry/science teachers and German Second Language teachers offers a good 

opportunity to develop new teaching materials concerning the linguistic heterogeneity of 

chemistry/science lessons. Furthermore, this project shows that the collaborative 

development of science lesson plans by chemistry/science teachers and German Second 

Language teachers seems to be a promising way to create motivating and attractive 

learning environments that allow teachers to help students not only to learn chemistry but 

also to improve their knowledge and competencies in German language. 
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Abstract: The interaction between the genome and its environment (epigenetics) is a new 

paradigm in biology. Nevertheless, the notion of genetic determinism is still present in 

syllabuses and textbooks. What about teachers’ conceptions? 

We analyzed the teachers’ conceptions related to the genetic determinism of human 

performances in five European countries, using 24 questions of the Biohead-Citizen 

questionnaire. 

The conceptions of the 2038 teachers, when grouped by country, show clear and significant 

differences, being more deterministic in the three countries of North Europe (Finland, 

Estonia, Denmark) than in Italy and France, and more sexist for only some of the related 

questions. 

When grouped by religion, the differences are significant but disappear after suppression of 

the country effect, while this last one does not disappear after suppression of the religion 

effect: there is no specific religion effect. There is a gender effect (female teachers being more 

feminist), an effect of the level of instruction at University (the most instructed teachers 

having more knowledge but also some more tolerant attitudes), and an effect of age (the 

oldest believing more in genetic determinism). 

A Co-Inertia analysis shows significant correlations between teachers’ answers on genetic 

determinism with their political opinions: genetic determinism (as belief of heredity of 

intelligence) and intolerant attitudes (as sexism and racism) are correlated with the most 

conservative political opinions. 

Finally, we found a specific and paradoxical effect of biology training of teachers: biologist 

teachers have, without surprise, more knowledge than their colleagues, but are also more 

convinced of the importance of genetic determinism: their training in biology still needs to be 

improved by introducing the most recent concepts of genetics, as epigenetics. 

Keywords: Genetic determinism, Epigenetics, Teachers’ conceptions, International 

comparisons, Gender. 
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THEORETICAL BACKGROUND 

The debate between nature and nurture is outdated, both being necessarily in constant 

interaction (Jacquard, 1972; Atlan, 1999; Lewontin, 2000; etc.). The interaction between the 

genome and its environment (called "Epigenetics": Wu & Morris, 2001) is a new paradigm in 

biology. Nevertheless the syllabuses and school textbooks are just starting to change (Castéra 

et al, 2008; Clément & Castéra, 2013; Gericke et al, 2012). What about the teachers’ 

conceptions?  

Outdated knowledge can be used to justify a pre-determinism of individual performances 

(intelligence, music, …) or of social intolerant attitudes as sexism or racism (Keller, 2005).  

A previous communication (Castéra & Clément, 2009a) showed that more Finnish than 

French teachers were convinced of a genetic determinism. In consequence, we decided to 

extend this comparison to more countries in North and South of Europe. 

Our general theoretical background is the KVP model (Clément, 2006, 2010), analyzing the 

conceptions as possible interaction between scientific knowledge (K), values (V) and social 

practices (P). A comparison between countries differing by their socio-cultural contexts can 

help to identify the difficulties of some teachers to change their conceptions after a renewal of 

the scientific knowledge, as it is the case by the emergence of epigenetics in biology.  

This new paradigm is concerning all the teachers, not only biology teachers, because the way 

of teaching is not the same when you consider students’ performances as genetically 

determined (innatism) or when you know that the genetic characteristics of any person is 

strongly interacting with their environment along their singular history (epigenetics). 

 

RESEARCH QUESTIONS 

We wish to compare teachers’ conceptions of biological determinism of human performances 

in five European countries. Do they differ among countries, or among groups of countries? 

Three of them are in Northern Europe, the two others in Southern Europe. Moreover, the 

results of PISA before our research (2006) showed that Finland obtained the best score on the 

scale of the “scientific literacy” while France and Denmark obtained a score just under the 

OECD average, and Italy a lower score. 

When teachers were trained in biology (teaching biology, or teaching in primary schools after 

a training in biology: we call them “biologist teachers”), do their conceptions differ from 

those of their non-biologist colleagues? 

Teachers’ religions differ among these countries (Table 1): is there a religion effect 

independent to the country effect? 

Do the teachers’ conceptions vary with other controlled parameters, independently to their 

nationality, as gender, age, level of instruction, political opinions? 

 

METHODOLOGY 

Our sampling (Table 1) comes from five countries, three in Northern Europe, two in Southern 

Europe. In each country, the questionnaire was completed by a balance of in-service teachers 

(i.e. currently active) and pre-service teachers (i.e. adults in their last year of teacher training). 

Six categories of samples were defined: in-service primary school teachers (inP), in-service 

secondary school biology teachers (inB), in-service secondary school language teachers (inL), 

pre-service primary school teachers (preP), pre-service secondary school biology teachers 
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(preB) and pre-service secondary school language teachers (preL). Each sample was about 50 

teachers but only 30 in a small country as Estonia, and more in France and Italy where 

complementary hypotheses were tested. A total of 2038 teachers completed the questionnaire. 

Table 1  

Our sampling (Others = no answer  + minority religions) 

 

 Country Total Including Biologists % Agnostic % Catholic % Protestant % Others 

DK Denmark 259 111 44,8 1,9 34,4 18.9 

EE Estonia 182 108 43,4 7,7 14,8 34.1 

FI Finland 306 121 15,0 1,0 66,3 17.6 

FR France 732 319 50,5 38,1 1,9 9.4 

IT Italy 559 150 12,3 78,7 0,5 8.4 

 Total 2038 809     

 

The research design and the questionnaire were defined and validated during the BIOHEAD-

Citizen project (Clément & Carvalho, 2007; Munoz et al., 2009, Castéra & Clément, 2012). 

Teachers anonymously answered to a large questionnaire (144 questions) translated in their 

language (parallel independent translations followed by a retro-translation into English).  

Pre-service teachers filled out the questionnaire at the end of a course concerning all a 

promotion, and the questionnaire was immediately collected to have no bias of sampling. 

Some in-service teachers also filled out the questionnaire after a course or a meeting, but 

some others did that inside their school, after being gathered in a group. In each case, the 

researcher was present, explaining in the beginning that the process is totally anonymous and 

free, but also that the teachers had to answer to all the questions, because the questionnaires 

with more than 5% of not filled questions are then withdrawn. 

We analyze here the teachers’ answers to 24 questions related to genetic determinism. All 

these questions are reproduced in Castéra & Clément (2012), and the main important of them 

(those differentiating the most the teachers’ conceptions) are reproduced below inside the 

results. These questions can be grouped into five different categories: 

(1) Genetic determinism of personal or individual features: questions about clones and 

twins (A3, A6, A19, A24, A43 and A53). 

(2) Genetic predisposition of children’ performances (B8, B10, B11, B14, B20) 

(3) Genetic/biological differences related to gender (A2, A9, A14, A21, A25, A30, A36, A38 

and A46). 

(4) Genetic differences among ethnic groups (A35) or among social behaviour (B4). 

(5) A more general knowledge of genetics (A27, A31), although recognizing that question 

A27 can also be influenced by innatism.  

We also use here teachers’ answers to 17 questions related to their personal characteristics, 

and to their political or religious opinions. 

All the questions are closed, generally with a Likert scale of four boxes. 
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The data were then analysed with appropriate multivariate analyses (Munoz et al, 2009; 

Castéra & Clément, 2012), using the software “R”. We also used t-tests with Bonferroni’s 

correction. 

 

RESULTS AND DISCUSSION 

The country effect 

A between-class analysis (Fig. 1) clearly opposes Northern to Southern European countries. 

These differences are very significant (p<0.001: test of randomization). 

The questions differentiating the most the five countries are (Fig. 1c): 

 The seven questions related to genetic pre-determinism of individual performances: 

“There are genetic factors in parents that predispose their children to become: good 

in school” (B10, Figure 2), “very good violinists” (B20), “aggressive” (B14), 

“alcoholics” (B8), “homosexual” (B11), and two questions related to similarity of 

human clones of “Einstein” (A3) and “Mozart” (A24). 

 “Human social behaviour is partly directed by genes” (B4). 

 Two questions related to a biological justification of gender differences: “to take care 

of housekeeping” (A38, Figure 3); “to think logically because men might have 

different brain bilateral symmetry.” (A36), and two questions related to the gender 

equality of rights (A30, A2). 

 And, with a less weight, the question related to racism: “Ethnic groups are genetically 

different and that is why some are superior to others” (A35) and a question related to 

knowledge (role of chance for the child’s sex: A31). 

For most of these questions, the t-tests with Bonferroni’s correction show significant 

differences between each pair of countries, with only some exceptions (as between some pairs 

of Northern countries). 

There is no significant difference between countries for five other questions related to a 

biological justification of sexist gender differences. Globally, in the three Northern countries, 

the teachers’ conceptions are more in favour of a genetic determinism of human features, 

behaviours or performances, including to justify some (but not all) sexist or racist 

propositions. 
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Figure 1. Between-class Analysis differentiating the five countries. 
a – The first component expresses more than 80% of the total variance.  

b – Each point represents a teacher’s conceptions, and is linked to the centre of gravity of his / her country (FI= 

Finland; DK=Denmark; EE=Estonia; IT = Italia; FR= France). 

c – The answers expalining this difference among countries: see the text for explanations. 

  

 
 

 
 

Figure 2. Teachers’ answers (grouped by country) to the question B10: 

 

There are genetic factors in parents that predispose 

their children to be good in school. 
I agree     

I don’t 

agree 

 

a b 

c 

Strand 12 Cultural, social and gender issues in science and technology education

2144



 

 
 

Figure 3. Teachers’ answers (grouped by country) to the question A38 :  

 

It is for biological reasons that women more often 

than men take care of housekeeping. 
I agree     

I don’t 

agree 

 
 

Absence of a specific religion effect 

After grouping the 2038 teachers into four groups depending their religion (Table 1), a 

between-class analysis shows significant difference between the four groups, but this 

difference disappears after suppression of the country effect, while this country effect does 

not disappear after suppression of the religion effect.  

That means there is no specific religion effect.  

 

A paradoxical effect of training in Biology 

A between-class analysis shows a very significant difference between biologist teachers 

(Table 1) and other teachers, persisting after suppression of the country effect. This difference 

is paradoxical: biologist teachers have more knowledge than their colleagues, but are also 

more convinced of a genetic determinism. The figure 4 illustrates this effect for two countries 

(France and Finland): the great difference between the two countries is the “country effect”, 

described above. Nevertheless, inside each country, there is a significant difference between 

teachers trained in biology at University (B) and other teachers (NB). That suggests the way 

biology is taught at University induces more conviction in a genetic determinism, while it is 

now outdated with the emergence of epigenetics.  
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Figure 4. Answering to the question B10 (There are genetic factors in parents that predispose 

their children to be good in school), the difference between B and NB is significant in France 

as well as in Finland: Biologist Teachers (B) are more innatist than their Colleagues (NB). 

The shades of grey correspond with the answers on the Likert scale: Light grey (agree) to dark 

grey (do not agree) 
 

Other effects 

There is a fine gender effect, still significant after suppression of the country effect: female 

teachers are less sexist (more feminist) than their male colleagues. That is not a surprise: this 

effect was previously analysed in some of our precedent works (Castéra & Clément, 2009b). 

There is also a significant effect of the teachers’ level of training at University. The most 

instructed teachers have more knowledge and often more tolerant attitudes. This effect is very 

interesting to encourage a longest initial training of teachers at University.  

The effect of teachers’ age is also significant; it is partly similar to the precedent effect but 

oldest teachers believe more in genetic determinism. That is probably a consequence of the 

great prevalence of innatist ideas during the second half of the 20
th

 Century (Atlan, 1999), and 

a difficulty of oldest teachers to change then their conceptions. It is also interesting to see that 

the youngest teachers are less influenced by the conceptions related to a dominant influence 

of the genetic determinism (innatism). 
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Figure 5. A Co-Inertia analysis shows significant correlations between a PCA from answers 

related to biological determinism (24 questions – red circles around the questions which more 

differentiate the teachers) and a PCA from teachers’ socio-political opinions (17 questions - 

blue circles around the questions which more differentiate the teachers).  
The graph “Eigenvalues” shows that the main oppositions inside teachers’ conceptions are related to the 

component 1 (the horizontal axis).  

The graph “Histogram of sim”, coming from the randomization test (Monte Carlo), shows that the observed 

distribution (the trait on the right) is entirely outside the histogram built from 1000 essays by chance (on the 

left): the correlation between the two PCA is very significant (p<0.001). 

 

A Co-Inertia analysis (Figure 5) shows significant correlations between two PCA, from 

answers related to biological determinism (24 questions: B10, B20, B14, A38, A35, ...) and 

from teachers’ socio-political opinions (17 questions): the belief in genetic determinism is 

correlated with the most conservative political opinions (e.g. less access to health care for 

poor people, too many foreigners in my country, for private health services, for private 
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pensions, against the separation between science and religion, and also between religion and 

politics, …). 

 

CONCLUSION 

Our results show two opposite trends: 

(1) A global link between belief in genetic determinism, intolerant attitudes as sexism or 

racism and conservative socio-political opinions. And reciprocally, a link between 

belief / knowledge related to less genetic determinism, and more tolerant attitudes. 

That is a confirmation of works in social psychology (Dambrun & Taylor 2005, Keller 

2005). That is also an illustration of interaction between knowledge, values and social 

practices (the KVP model). 

(2) Nevertheless, in the three Northern Europe countries, teachers mainly believe into a 

genetic determinism of human performances, but express sexist views only for some 

questions. Five of the nine questions related to gender differences show a very little 

amount of sexism, without any difference between Northern and Southern European 

countries, showing the same feminist conceptions of the interviewed teachers. 

Concerning our initial questions of research, the most important differences among the 

teachers’ conceptions oppose the countries, mainly North to South of Europe. Why these 

differences is not so easy to explain. The differences are mainly dealing with the questions 

related to genetic predisposition of children’ performances (as illustrated for instance in the 

figures 2 and 4). A possible interpretation could be that the meaning of “predisposition” is not 

the same in the Northern languages than in the Latine languages of Italy and France, where it 

is synonymous to “predestination”. Nevertheless, when working in Denmark (three months in 

Copenhagen for Pierre Clément) or in Estonia (three years in Tartu for Jérémy Castéra), we 

discussed several times with biology teachers who are really convinced that the human 

intelligence and other performances are strongly linked to a genetic determinism. While it is 

not the case in France or Italy, probably as a consequence of historical features of these 

countries, with more social influence (through medias, conferences, …) of philosophers or 

scientists strongly opposed the ideologies as innatism. It would be interesting to document 

more this hypothesis of socio-cultural difference between Northern and Southern European 

countries. 

These conceptions also vary with other teachers’ characteristics: their gender, age, level of 

training in University. We proposed inside these results some possible explanations. In the 

perspective of improving science education, important is the paradoxical difference between 

biologist and other teachers: their biology training seems to be still structured by the notion of 

genetic determinism, and poorly related to the most recent genetic knowledge. That is 

possibly easier to change in each of the five countries of our sample, than the deep socio-

cultural context of these countries. 
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Abstract: This paper addresses the international challenge of young people’s declining 
rates (lower for women) to pursue a higher education career in science, technology, 
engineering and mathematics (STEM). The aim is to provide evidence-based data to 
understand the challenge, and consequently, to improve the patterns of recruitment, 
retention and gender equity in STEM education in the framework of the IRIS project 
(Interest & Recruitment in Science). The project explores the general factors that may 
influence students’ choice of STEM courses across countries and gender (especial 
attention to women). First-year STEM college students from five Latin countries were 
surveyed through the IRIS research questionnaire about a variety of potential 
influencing factors, ranging from school experiences and youth activities and culture to 
their future priorities, passing through higher education STEM experiences and opinions 
on a variety of social, educational and pedagogical issues. This paper presents some 
preliminary findings from the questionnaire’s closed questions, which advance some 
profiles of choice: the interest in science, obtaining clear feedback from teachers, 
lessons showing practical applications, good science teachers, popular TV series and 
science books and magazines, personal motivation and some priorities for the future are 
the most important factors for choosing a STEM course. Further, some differences 
across gender and countries are also identified. Finally, some implications for teaching 
science and improving the STEM recruitment are discussed.  

Keywords: Choice of scientific careers, interests and priorities, gender equity, 
recruitment and retention. 

 

INTRODUCTION 

Since years, the general decline of STEM vocations is cause of international concern 
(European Commission, 2004). In Spain the STEM enrolment shows an eloquent 
decrease in the decade 2000-2010 in Chemistry (-64%), Physics (-62%), Maths (-62%) 
and low women proportion in Physics (28%) and Engineering (24%), tough women are 
majority in Chemistry (59%) or Biology (63%) (elaboration from data of Spanish 
Statistical Office, www.ine.es/ ). In Colombia, hardly 2% of the tertiary students enrol in 
STEM courses, and its abandonment rate steps up 50% (MEN, 2009). This paper aims 
to provide research data to highlight and understand the factors that determine the 
youth’s choice of STEM careers in five Latin countries, and especially women.  

The general decline of STEM vocations is projected on science education research 
(Bøe, Henriksen, Lyons & Schreiner, 2011). Years ago Fensham (2004) decried the 
negative attitudes and the lack of interest toward school science as the most dramatic 
problem that science education should face on the long run. The Rocard report (Rocard, 
Csermely, Jorde, Lenz, Walwerg & Hemmer, 2007) as well as other studies worldwide 
(PISA, ROSE) provide worrying evidences of the youth’s decay of interest in STEM 
courses and its relationships to science education. Other researchers have confirmed the 
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young people’s disillusionment, escape and low choice in relation to school science 
subjects (Vázquez & Manassero, 2009a, 2009b).  

The ROSE project (Relevance of Science Education) depicts the teenagers scarce 
intention of choosing a profession related to STEM, the low incidence of science 
education in critical thinking and the perceived difficulty of science learning (Schreiner 
& Sjøberg, 2004). Overall, the results about the willingness of Spanish students to enrol 
in STEM courses are particularly disappointing, as school science is not attractive for 
youth, and especially for girls (Vázquez & Manassero, 2007; 2008). 

The gender gap of STEM choices adds an additional trait to the youth participation in 
science, which is not surprising given the disparity of science interests between men and 
women and the subsequent imbalance of their access to STEM (Vázquez & Manassero, 
2009a, 2009b). This gender gap projects also on jobs: women with degrees in STEM are 
half of men and display less presence in engineering and greater presence in biological 
sciences (ESA, 2011). 

In this context, recovering and promoting STEM vocations would require research on 
the batch of factors that contribute to youth avoidance on science courses to act on 
them. A variety of details influencing choices have been already inquired, such as 
family environment (Dabney, Chakraverty & Tai, 2013), choice of specific science 
subjects (Bøe & Henriksen, 2013), pre-college science education (Bøe, 2012).   

IRIS project (Interest & Recruitment in Science) researches the intrapersonal and 
interpersonal factors that may influence the young people’s (especially girls) choice of 
STEM courses in five European countries. IRIS aims to determine the reasons, the 
causes and the motivations of choice and to develop knowledge and recommendations, 
informed by evidence, on how to improve STEM recruitment, retention and graduation. 
IRIS gathers data through a survey (IRIS-Q) with open and closed questions (Bøe & 
Henriksen, 2013; Holmegaard, Madsen & Ulriksen, 2012). This paper reports results on 
the closed Likert-type questions of IRIS-Q.  

The authors participate as invited associated partners for surveying five Latin countries 
(Argentina, Brazil, Colombia, Panama and Spain) according to the guidelines of IRIS. 
The educational and social context of those countries is quite different; Spain meets the 
European higher education area (Bologna), while American countries in turn differ in 
many ways (i. e. higher education in Argentina is free). The document "Educational 
Goals 2021" encourages governmental efforts to improve general education and science 
education. Specifically, indicator 18 aims to increase the percentage of students who 
choose scientific or technical training in post-compulsory education (OEI, 2010). 

The research questions of the present study are: What priorities, values and experiences 
of young people determine their educational choice for STEM? Are there differences 
between girls and boys on priorities, values and experiences? Do the countries exhibit 
differences and specific patterns for the choice? 

METHOD 

The general theoretical framework of IRIS adopts the Eccles expectancy-value model of 
achievement and choice (Eccles & Wigfield, 2002). Choice is directly determined by 
expectancies of success and subjective task values (interest, attainment, utility and cost). 
In turn, both are influenced by task-specific beliefs (perceptions of competence, the 
difficulty of tasks, and individuals’ goals and self-schema), perceptions of other 
peoples’ attitudes and expectations, affective memories, interpretations of previous 
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achievement outcomes, socializer’s behaviour and beliefs, cultural milieu and historical 
events. Tis theoretical concepts have been translated into IRIS questionnaire.  

Participants  

Participants are 2,559 first-year students enrolled in STEM courses and studies at some 
universities of five Latin countries (Argentina, Brazil, Colombia, Panama and Spain) 
who voluntarily agreed to complete de questionnaire. The table 1 describes de 
distribution of the sample across countries (boys 59%; girls 41%).  

Table 1 

Geographical distribution of the sample 

Country N Cities 

Argentina 132 Buenos Aires 

Brazil 365 Sao Paulo 

Spain 558 Palma de Mallorca, Valladolid, Madrid 

Panama 287 Panama City, David 

Colombia 1217 Bogotá, Medellín, Cali, Pereira, Ibagué and other cities 

 

The student sample was randomly collected though it is not strictly a random sample. 
The officials of the universities emailed a personal invitation to all first-year STEM 
students requesting their voluntary participation to complete an electronic form of the 
IRIS questionnaire. The achieved valid sample is approximately about 20% of the target 
population that was invited to participate.   

Instruments 

The instrument is a simple questionnaire for freshmen in STEM careers, which inquires 
personal, interpersonal, contextual or educational characteristics and experiences. The 
IRIS questionnaire (IRIS Q) display 65 items covering school science teaching and 
learning experiences, inspiration for the choice in education, expectations for future job, 
college experiences, attitudes to gender equity in STEM, important people and 
situations, perceptions of students in their first college year, etc. Besides, some 
questions address socio-demographic variables: students’ gender, students’ year of 
birth, previous studies, etc.  

Formally, the IRIS-Q presents two types of questions, open-ended and closed. The open 
questions ask student to write down their own answer (i. e. “Describe how you came to 
choose this course“), while the closed questions ask students to rate their items. The 
open-ended questions are excluded of this paper due to space limitations. The closed 
questions under the scope of this paper share mostly a common design: an initial request 
poses the focus of the query (i. e. “How important were each of the following in 
choosing your course?”), which is followed by a set of different items.  

The respondent is asked to assess each item under a five-point Likert format (non-
important / important or disagree / agree) in relation to the initial query. Just one 
question presents a three-point Likert format (“Have the following aspects of your 
everyday life as a student been as expected, better than expected or worse than 
expected?”), which have been codified through a three-point scheme.  
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Procedures  

The original English IRIS questionnaire was translated and adapted into Portuguese and 
Spanish IRIS-Q new forms trough two independent translators and a forward-back 
translation procedure. The data were gathered along the year 2012 under the drive and 
supervision of a network of researchers in the five Latin countries.   

The Spanish and Portuguese IRIS-Q forms were administered through the official IRIS 
web-platform under the coordination of the IRIS web-master and according to a 
standardized protocol. The protocol involved an invitation to participate addressed to 
some tertiary educational institutions. Then the participant institutions sent their target 
population (first year STEM students) a personal email to promote their participation 
completing the IRIS-Q. A network of researchers in each country managed the 
processes of development, contact, invitation, supervision, and response the IRIS-Q.  

The results presented here correspond to those items of the IRIS Q with a Likert-type 
format to fit the available writing space. Further, to describe the students’ responses and 
synthesize much information in less space, the analysis computes for each item an 
average variable trough weighting the response rates along the five-point Likert scheme. 

RESULTS 

The results display the students’ profile for career choice from their answers to the 
closed items of the IRIS Q. The students’ answers to relevant variables for the choice 
involve the importance of school experiences, importance of people and materials, 
assessment of the experiences of teaching, learning, mentoring, and results as students 
of STEM careers, and future job expectations. Further, some comparisons between girls 
and boys and among the five participating countries are produced. The presentation 
organizes the results about the influencing factors in choosing STEM courses along 
three sections: factors previous to the choice, current experiences as STEM students and 
priorities for the future.  

 

Figure 1. How important were each of the school experiences in choosing your course? 
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This section presents the students’ perception on the importance of some influential 
factors, which exist previously to the choice of the STEM course, as posed in three 
questions: previous school experiences, relevant people and extra-curricular activities.  

Globally, all the previous school experiences get assessments that stay over the scale 
midpoint in relation to the choice of STEM (figure 1). The most important school 
experience for students is the interest in the scientific subjects; slightly lower 
importance is given to obtain clear feedback on whether you got the right answer and 
lessons showing practical applications of the subject. The least important school 
experience is the field work or excursions.  

The differences between boys and girls are only statistically significant (p < .05) for the 
use of mathematics in the classroom, which girls consider less important than boys.  

The differences between countries show a division pattern between optimistic and 
pessimistic countries that cause significant differences between top and bottom 
countries. Optimistic countries (Brazil and Panama) tend to over score the importance 
of all factors in relation to pessimistic countries (Spain and Argentina), which tend to 
underscore all factors. Spain underscores especially low the importance of the use of 
mathematics in the classroom.  

The differential impacts of relevant persons (parents, teachers, friends, siblings, school 
advisers, etc.) on students’ decision to choose STEM careers are assessed (figure 2). 
Overall, the persons of the list receive scores under the scale midpoint, but good 
teachers reach a score over the midpoint, higher than the other persons.  

Girls score higher than boys all persons, but the differences are only statistically 
significant on the importance of the mother.  

 

Figure 2. How important were the persons in choosing your course? 

Again, the differences between countries show a division pattern between optimistic 
and pessimistic countries that exhibit significant differences between top and bottom 
countries. Optimistic countries (Brazil and Panama) tend to over score the importance 
of all persons in relation to pessimistic countries (Colombia, Spain and Argentina), 
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which tend to underscore them. Panama is the only country where the top person is not 
the teacher but the mother.  

Another question raises the importance of some extra-curricular or free time activities 
for students’ decision to choose STEM careers (books, magazines, movies, museums, 
games, clubs, etc.). Overall, most activities receive a medium score, but popular TV 
series, at the top, and science books and magazines, at the second place, reach scores 
well over the midpoint of the Likert scale (figure 3).  

Four activities display statistically significant (p < .05) differences between boys and 
girls. On the one hand, boys over score girls for computer games, and on the other hand 
girls over score boys for museum/science centres, films or drama on TV and maths or 
science competitions. The largest difference is exhibited by computer games that are 
very much negatively rated by girls.  

 

Figure 3. How important were each of the aspects in choosing your course? 

The optimistic/pessimistic pattern among countries is much mixed around these 
activities, though Spain still remains at the bottom and Panama at the top. However, the 
differences between top and bottom countries are still statistically significant. For Brazil 
the top activity pattern is not popular TV series, but popular science books and 
magazines.   

Current experiences as STEM students 

The following three questions raise the students' satisfaction with the current STEM 
course, by asking their degree of agreement on several sentences of three questions 
about their social, teaching and learning experiences in the course, miscellanea on 
achievement and the fulfilment of students’ expectations in the course.  

Globally, all the items on the first question about some social, teaching and learning 
experiences in the current course reach a high assessment (close to score 4). Though no 
remarkable differences among items are displayed (figure 4), it is perhaps worth to 
mention that the top mean agreement score is reached by the last two items: the course 
suits my personality and increased the interest in the subject since I started. It is also 

1

1,5

2

2,5

3

3,5

4

4,5

5

9.a.Popular science books and

magazines"

9.b.Science fiction or fantasy

books/films"

9.c.Computer games" 9.d.Museum/science centre" 9.e.Popular science television

channels/programmes"

9.f.Films or drama on

television"

9.g. Olimpyads and contests 9.h. Science fairs, clubs,

festivals

ARGENTINA

BRAZIL

SPAIN

PANAMA

COLOMBIA

Strand 12 Cultural, social and gender issues in science and technology education

2155



noteworthy highlight that the lowest score appears on teachers care about students’ 
learning (though its score is still over the scale midpoint).  

Most items in this issue display higher agreement score from girls, though the 
differences to boys are only statistically significant (p < .05) for the first item (to enjoy 
the company of the other students on my course).  

 

Figure 4. To what extent do you agree with the following statements about your 
experiences as a student so far? 

The optimistic/pessimistic pattern among countries is much mixed around the 
experiences in the current course, though Spain still remains at the bottom and Panama 
tends to the top. Though some differences between top and bottom countries are still 
statistically significant some other vanish. In Brazil the students’ top experience is 
keeping up with the pace of the teaching and in Argentina students appreciate at the top 
the good working conditions of the university. The trend to score teachers’ care about 
students’ learning at the bottom (though still over the scale midpoint) is also noteworthy 
in Brazil, Spain and Colombia.  

Globally, the question about the student’ motivation and learning on the current course 
(figure 5) display their first three items of the list (doing better than average, easy 
learning, self-confidence) on a medium assessment (around score 3). It is noteworthy 
highlight that the item about their motivation to study this course reaches the top score 
in this question. Complementarily, the lowest score appears on the probability of 
deciding to leave this course before finishing (mean score about 1.5); this score 
corresponds to 10% of students who agree or strongly agree to abandon the course.  

The first three items in this issue are scored better by boys than by girls, though the 
differences between them are only statistically significant (p < .05) for the second and 
third items (easy learning and self-confidence), where boys display higher agreement 
than girls.  
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Figure 5. To what extent do you agree with the following statements? 

The optimistic/pessimistic pattern among countries is much mixed around these 
perceptions of learning and motivation, though Spain still remains at the bottom and 
Panama on top. The differences between top and bottom countries are still statistically 
significant, except for the decision to leave the course, where Spain detaches from the 
other countries exhibiting an abandon intention rate over the double mean rate. 

 

Figure 6. Have the following aspects of your everyday life as a student been as 
expected, better than expected or worse than expected? 
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the overall experience, social relationships, teaching quality, interest of content and 
effort expenditure (worse mean greater effort than expected).  

Globally, all the items on the question about the experiences reach a mild positive 
assessment (over the scale midpoint, score 2), with the exception of expenditure of 
effort. Students think they have to spend on studying the course greater effort than 
expected (figure 6).  

The differences between boys and girls are only statistically significant (p < .05) for the 
social relationships among peers, which girls consider better than expected in relation to 
boys. Girls score the overall experience better than expected in relation to boys, though 
the differences are not statistically significant.  

The pattern among countries is much mixed around the students’ expectations, though 
the trend with Spain at the bottom and Panama at the top is still appreciable. Spanish 
students rate the quality of teaching and the interest of contents much lower than other 
country. Spanish, Argentinian and Colombian students feel they have to spend greater 
effort than Brazilian or Panamanian.  

Priorities for the future 

All the priorities for the future have got a high assessment (around score 4). For the 
whole sample (figure 7), the students’ most important priorities are doing something 
interesting, using my abilities and developing myself, which reach the highest 
importance (almost unanimous, as the mean stay under the scale maximum score 5). 
Slightly lower importance is given to the other items, whose minimum is assigned to 
make money soon, though it is still considered important (over the scale midpoint).  

 

Figure 7. Regarding your priorities for the future; how important are the following 
factors to you? 

Despite the high scores in all items, the differences between boys and girls are explicit 
and unidirectional: girls score all items higher than boys. The differences are 
statistically significant (p < .05) in four items: secure job, important for society, helping 
other people, environmental protection and developing myself.  
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The optimistic/pessimistic pattern among countries appears a little bit mixed for the 
importance of future priorities. However, Panama still remains to be on top and Spain 
tends to stay at the bottom. Brazilian or Panamanian students attribute more importance 
to money related items (earn high income and make money soon) than Spanish, 
Argentinian and Colombian.  

CONCLUSIONS 

This paper reports on the students’ reasons for choosing their STEM courses, from their 
previous and current experiences and their expectations for the future. The information 
is drawn from some closed questions of the IRIS-Q, which were answered by students 
enrolled in their first college year in five Latin countries.   

The findings involve knowledge of the most important factors for choosing the STEM 
course, as depicted in students’ answers: the interest in the scientific subject (closely 
followed by obtaining clear feedback and lessons showing practical applications), good 
science teachers as the most important person, popular TV series, and science books and 
magazines as the most important activities, and the personal motivation to study the 
course (Bøe, 2012). On the other hand, the experiences in the current course confirm the 
importance of the fit between course and personality, the increase of interest for the 
subject and the low probability of leaving the course before finishing as the most 
valuable. The less important factors surrounding the students’ STEM choice are also 
noteworthy: school experience in field work or excursions, teachers care about students’ 
learning and the expenditure of greater effort than expected.  Further, the case of field 
work or excursions, which are not much appreciated by students as compared to other 
activities, seems a significant cue pointing out that interest is not tied to easy, fun or 
entertainment activities for students who choose STEM courses (Bøe, 2012; Bøe et al., 
2011; Holmegaard et al., 2012).  

A simple rational may bind these factors to foster STEM vocations for young people 
from pre-college science. As pre-college teachers are the main persons who stimulate 
youth into STEM and most of the other important factors found in students answers are 
tied to school science teaching, a consequential model points out the profile of good 
science teaching for the encouragement of STEM vocations. Overall, good science 
teaching has to foster students’ interest on science, which seems the key to increase 
motivation, and personal fit to STEM. Thus, good science teaching for fostering interest 
according to students’ answers: getting clear feedback about their answers from 
teachers, science lessons showing practical applications, increasing teacher’s care about 
student learning, using references to TV series, books and magazines, and adjusting the 
learning demands to fit the effort students can do (further developed Lyons et al., 2012).  

The mean score intensity assigned to the different items allow drawing some tentative 
interpretation about the relative influence on choice of the different factors, according to 
the students’ voice. The most valued items are the priorities for the future and the set of 
experiences in the current STEM course. On the opposite side, the persons and the 
extra-curricular activities get the relative least scores. The students’ priorities for the 
future depict an optimistic profile, as all the items in this question attain the highest 
mean scores across all questions. Within this high profile, the most important priorities 
are related to the self (doing something interesting, using my abilities and developing 
myself). Besides, material aims (to earn good salary, to make money soon) attain the 
lowest importance. Overall, the high appreciation of future priorities might suggest the 
high utility value of STEM courses (Bøe, 2012).  
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Most of the significant differences between girls and boys correspond to factors that 
have been reported in the literature about gender differences in science. Girls appreciate 
significantly more than boys the influence of the mother, activities in museum/science 
centres, TV films or drama, maths or science competitions, and the enjoyment of other 
classmates and the social relationships among peers. Further, girls display an utilitarian 
pattern as they scoring better than boys most of future priorities (Bøe, 2012) 

The comparisons across countries contribute some findings, where the so called 
pessimistic/optimistic trend appears in many questions: optimistic countries (Panama 
and into a less extent Brazil) tend to get higher scores across items than pessimistic 
countries (Spain and into a less extent Argentina).  

Overall, many differences among top and bottom countries are significant. The 
following list resumes some of the main findings: (a) Panama is the only country where 
the top important person is not the teacher, but the mother; (b) Brazil and Panama 
attribute much priority for the future to money related items, and feel they can keep up 
with the teaching pace; (c) Brazil assigns the top activity for popular science books and 
magazines, not TV series; (c) Argentina displays a top appreciation for the good 
working conditions of the university; (d) Brazil, Spain and Colombia score teachers’ 
care about students’ learning at the bottom; (e) Spain scores at the bottom the use of 
mathematics in the classroom and double the intention to leave the course, in relation to 
other countries. Further, the differential findings among countries invite to search 
deeper social and cultural explanations that the limited space here does not allow. 

Finally, this report has some limitations; the space ceiling conditioned the data restricted 
to some items, the displayed findings and the depth of insights and discussions about 
them. In spite of these limitations, we hope contributing to the research on student 
participation on STEM by adding on the perspective of different countries, as suggested 
by Bøe and colleagues (2011). 

 

NOTES 

Authors’ note: Research Project EU-FP7 Science in Society 2008-1, Grant agreement 
230043, Interests & Recruitment in Science (IRIS). 
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Abstract: This paper deals with the development, implementation and evaluation of a teaching 
concept to introduce special needs students with a focus on students with hearing loss to 
scientific reasoning and working. Since the Convention on the Rights of Persons with 
Disabilities was published by the United Nations, working towards inclusive education has 
taken on greater significance in education all around the globe. As a teacher, an essential 
foundation for successful teaching is to know the students’ individual needs and what 
teaching material and measures to use to receive high standards for all students. So far, very 
few studies and concepts exist which consider teaching science to students with special needs. 
As there is a strong need for research on this topic, this project is to make a contribution to 
build up on a new research area in science education. In order to achieve the short-term aim, 
i.e. to diagnose specific learning difficulties of students with special needs in chemistry 
classes, an explorative and qualitative study was conducted. The study included research tools 
like questionnaires and interviews as well as videography and participant observation. To 
accomplish the long-term aim, which is to enable the students to describe and explain 
experiments as well as use technical language, a support program was developed, 
implemented and evaluated in different special needs schools. Referring to Participatory 
Action Research, the study was conducted and evaluated formatively. Results of a preliminary 
study, information on the main study and future steps will be resumed in the paper.  
 
Keywords: students with special needs, inclusion, epistemological competence, teaching 
material, and language support 
 
RATIONALE 
Since the Convention on the Rights of Persons with Disabilities (United Nations, 2006) was 
published by the United Nations, the topic ‘inclusion’ has become increasingly important in 
education all over the world. As the convention was confirmed by Germany (Münch, 2010), 
working towards inclusive education has been accepted as a challenge officially. Inclusive 
education implies that all students share the same school in which their individual educational 
needs are welcome and are taken into consideration during lessons planning (Stefanich et al., 
2001). As a teacher in such a school, it is even more important to know the students’ 
individual learning requirements and what teaching material and measures to use to support 
all students (Hintermair, 2012).  
 

So far, the number of special needs students in mainstream schools in Germany has slowly 
increased, as recent statistics and studies indicate (MSW, 2013). Although this seems to be a 
step in the right direction, some students are included less frequently than others (Amrhein, 
2011). Compared to students with learning and behavioral problems and students with 
physical handicap, deaf students are taught less often in mainstream schools. One reason why 
inclusion showed only minor progress might be that most of the following questions are yet 
without a proper answer:  
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− How to put the idea of inclusion into practice specifically?  
− How to welcome diversity in the classroom?  
− What learning difficulties do students with special needs have in the specific subjects? 
− What teaching material can be used to support and to reach high standards for all 

students (Hintermair, 2012)? 
 

As the idea of inclusion is fairly unexplored in science education research, very few studies 
and concepts exist (Marschark & Spencer, 2010; Schmitt-Sody & Kometz, 2012) which 
address teaching science to differently gifted students. Moreover, key elements to develop 
inclusive education and an inclusive teacher training are still missing. In order to answer the 
questions above adequately and to build up inclusive teacher training, obviously more 
practical experience and research on this topic is needed. 
 

But some of the few findings assume that scientific thinking and working methods, which are 
unique and an essential task in teaching science, seem to be particularly suitable for inclusive 
education, because of the opportunity of hands-on activities like experiments as well as group 
learning activities and options for visualization (McGinnis & Stefanich, 2007). And since 
introducing students to scientific reasoning and working is crucial in teaching science, these 
aspects are incorporated in both national and international educational standards as 
‘epistemological competence’ (KMK, 2005; NRC, 1996; AAAS, 1993). However, what 
specific learning difficulties special needs students may have and what teaching concepts can 
be used as a support has not been investigated yet. 
 

As there is clearly a strong need for research on this topic, this project is concerned with the 
diagnosis of learning difficulties (first approach) and the introduction of scientific reasoning 
and methods of investigations to students with special needs (second approach). It is to be 
expected that the project is to make a contribution to build up on a new research area in 
science education to meet the challenges of inclusion in science education.  
 
FIRST APPROACH  
Because teaching chemistry to students with special needs has hardly been investigated, 
several approaches arise for the specific object of study. The study could be carried out either 
in special needs school or inclusive school. Since Germany is currently preparing inclusive 
education, so far, there is only a small number of special needs students in mainstream 
schools. As there is very little basic research on individual learning requirements of special 
needs students in science, special education schools were chosen over inclusive schools to 
find out more about the specific target groups. And because some special needs students like 
those with hearing loss are included less frequently than students with other educational 
needs, the study focuses particularly on deaf students, hoping that they get a chance to attend 
inclusive schools more often. Later on the study is going to consider other target groups like 
students with speech impediment and learning difficulties, too. Eventually, the approach of 
this study is to start in special needs schools and to use the outcome of the project to make 
recommendations for future research and to give practical advices. 
 
Guiding questions  
In order to diagnose what specific learning difficulties special needs students may have in 
chemistry and how these students can be supported, a preliminary study was conducted, 
which was concerned with the following guiding questions:  
 

− What are the special needs of deaf students in chemistry classes? 
− What might be an option for improvement?  
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To answer the guiding questions, a qualitative and explorative study with a three-step 
approach was designed (see figure 1).  
 
Research methods  
Initially, special education teachers were surveyed in open-ended questionnaires (n=26). The 
items of the questionnaire were developed and contained questions like: ‘What do you 
consider to be an issue in teaching chemistry to deaf students?’ and ‘What teaching material 
can be used as a support?’. The questionnaire was sent to special needs schools in four 
different German states including North-Rhine Westphalia, Lower Saxony, Hesse, and 
Rhineland-Palatinate and received a response of 65%. The sample size of the teachers is quite 
small, as there are typically very few (trained) chemistry teachers in special needs schools 
(Bader & Wagner, 2006).  
 

To receive further information on topics addressed in the questionnaire, teachers (n=5) who 
had participated and expressed deeper interest in the study were asked to attend in-depth 
interviews. Based on the results of the questionnaire, an interview manual was developed, 
which included questions about: university education, learning prerequisites, teaching 
technical language, reporting on experiment and the conditions of the schools. Besides, the 
teachers made some recommendations to create a support program for the students. 
 

In order to review the findings of the questionnaires and interviews as well as to gain 
additional insights into teaching chemistry in special needs schools, chemistry lessons (n=10) 
were analyzed by videography and participant observation in two special needs schools in 
sixth and ninth grade. For this purpose, a semi-structured observation manual was created to 
check, whether the statements of the teachers correspond to their teaching practice, for 
example: ‘Do the students need linguistic support in order to describe their observations?’  
 

 
Figure 1. Study design of the preliminary study 
 
The data were analyzed with the help of Qualitative Content Analysis according to Mayring 
(Mayring, 2002) in which categories are created out of the collected data and the process of 
forming categories is strongly guided by research questions and theory. To analyze both 
videos as well as observations most of the categories were created before on the basis of prior 
investigations. The items of the questionnaire, interview manual and observation manual were 
pilot tested as well as the results of the study were reviewed by other researchers.  
 
Preliminary results  
Consistent and closely related results of the preliminary study which were divided into main 
categories and subcategories, show three key areas where support is needed: language skills, 
epistemological competence and teaching staff (see table 1). The study indicated that these 
students need particular support in describing and explaining experiments as well as in using 
technical language. However, the results also show the absence of trained chemistry teachers 
in special needs schools, as none of the participating teachers was formally trained in 
chemistry. An extract of the topics discussed will be presented in the following.    

Videography 
WĂƌƟĐŝƉĂŶƚ�ŽďƐĞƌǀĂƟŽŶYƵĞƐƟŽŶŶĂŝƌĞƐ /ŶƚĞƌǀŝĞǁƐ

Development of a support program

Enhancing epistemological competence

�ĞǀĞůŽƉŵĞŶƚ�ŽĨ�
ƚĞĂĐŚŝŶŐ�ŵĂƚĞƌŝĂů /ŵƉůĞŵĞŶƚĂƟŽŶ �ǀĂůƵĂƟŽŶ

WƌĞůŝŵŝŶĂƌǇ�ƐƚƵĚǇ

DĂŝŶ�ƐƚƵĚǇ 

�ŝĂŐŶŽƐŝƐ�ŽĨ�ůĞĂƌŶŝŶŐ�ĚŝĸĐƵůƟĞƐ�

TĞƐƚ�ƉŚĂƐĞ
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As the results indicate, language is a topic mentioned in almost every statement of the 
teachers. In case of deaf people, depending on the time of the occurrence and the degree of 
the hearing loss, the loss of perception can have a huge impact on the acquisition of language 
and communication skills. Therefore, the acquisition of vocabulary, writing and speaking 
skills and the access to everyday information is usually affected (de Villiers, 2005; Leonhard, 
2010; Denessen, Knoors & Vermeulen, 2012). For that reason topics concerning language, 
teaching and learning science often overlap. To analyze the teachers’ statements separately, 
statements with a focus more on language in particular were assigned to the main category 
‘language skills’. Whereas other statements with a focus on using models, problem-oriented 
thinking, developing hypotheses and questions and reporting on experiments that potentially 
refer to the topic language as well were classified with ‘epistemological competence’.  
 

Various statements of the teachers, which were associated with the category ‘language skills’, 
indicate the students’ deficiencies in reading, text apprehension and everyday vocabulary 
(general language skills). According to the teachers, these problems frequently result in a 
limited understanding of textbooks and technical terms (technical language) as well as 
difficulties in describing and explaining experiments and observations (epistemological 
competence). For that reason, the teachers have to develop their own teaching material, as 
many of the materials are not appropriate for special needs schools. Additionally, most of the 
technical terms used to describe and explain scientific phenomena do not exist in German 
Sign Language, which is challenging for students with sign language as their first language 
(subject specific sign language). This fact was already pointed out in another study referring 
to American Sign Language (Lang et al., 2006).  
 
Table 1 
 
Overview of the category system 
 

Main categories             Subcategories 

Language skills − General language skills 
− Technical language  
− Subject specific sign language 

Epistemological competence − Reporting on experiments 
− Understanding and using models 
− Developing hypotheses/questions  
− Problem-oriented thinking 

Teaching staff − Chemistry teachers in special needs schools 
− Chemistry teachers in mainstream schools 

 
As scientific reasoning and methods of investigation play a decisive role in science and in 
science education, ‘epistemological competence – using experimental and other methods of 
investigation as well as models‘ is part of the National Educational Standards in Germany. 
Some of the associated competences are: developing hypotheses and questions, designing and 
doing experiments as well as reporting on experiments, and using models. According to the 
teachers’ statements, the students often need support in understanding experiment instructions 
so as to describing and explaining experiments due to language difficulties (reporting on 
experiments). As several researchers in science education already pointed out, language could 
be a main barrier in science education, even for native speakers without taking special needs 
students into account (Wellington & Osborne, 2001).   
From the point of view of the teachers participating in the study, the students are also having 
difficulties in understanding and using models. As a result certain topics have to be highly 
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simplified concerning language and content. Although difficulties in using and understanding 
models are general problems (Barke, Harsch & Schmid, 2011), the teachers stated that the use 
of simple language and visualizations like concrete models, drawings of the students’ 
perceptions are even more important.  
 

The teachers also commented on the absence of trained chemistry teachers in special needs 
schools. Besides, none of the interviewed teachers was trained in chemistry, but some of them 
participated in certificate chemistry courses, and others were autodidactics. In respect of the 
conditions of the schools, the group of students in special needs schools is very heterogeneous 
in terms of forms of communication, language skills and additional special needs. This shows 
that a high level of flexibility on the part of the teachers is demanded.  
 
SECOND APPROACH  
The results of the preliminary study reveal a variety of areas where science education research 
can be started. Although the categories ‘language skills’, ‘epistemological competence’ and 
‘teaching staff’ are closely related, addressing all topics equally in a single project would not 
be possible. On the one hand the study could focus on the promotion of the students referring 
to technical language and abilities, which are associated with epistemological competence. 
And on the other hand emphasis could be put on the teachers, since they are teaching without 
a specific chemistry teacher training in heterogeneous and challenging classes. However, the 
lack of trained teachers in special needs schools cannot be influenced by science education 
research directly. Since language skills among other topics seem to play an important role for 
the acquisition of epistemological competence, the study focuses on the support of the 
students predominantly.  
 
Research questions  
The second part of the project discusses the following research questions: 
 

1. How can deaf students be supported in 
− using technical language,  
− describing  
− and explaining experiments also by using models? 

2. What teaching material and measures can be used for this purpose? 
 

The long-term aim is to develop a support program to enable the students to describe and 
explain experiments as well as to use technical language. After that the teaching material is 
implemented and evaluated in different special needs schools (see figure 2).  
Since the quality of the lessons is not only influenced by the teaching concept but also by the 
teachers’ competence (Hattie, 2013), some kind of support for the non-specialist teachers is 
still necessary. With regard to the teachers, it is considered to provide all teaching materials 
from the teaching program to them.  
 

 
Figure 2. Study design of the main study  
 

Videography 
WĂƌƟĐŝƉĂŶƚ�ŽďƐĞƌǀĂƟŽŶYƵĞƐƟŽŶŶĂŝƌĞƐ /ŶƚĞƌǀŝĞǁƐ

Development of a support program

/ŶƚƌŽĚƵĐŝŶŐ�ƐĐŝĞŶƟĮĐ�ƌĞĂƐŽŶŝŶŐ�ĂŶĚ�ŵĞƚŚŽĚƐ�ŽĨ�ŝŶǀĞƐƟŐĂƟŽŶ

�ĞǀĞůŽƉŵĞŶƚ�ŽĨ�
ƚĞĂĐŚŝŶŐ�ŵĂƚĞƌŝĂů /ŵƉůĞŵĞŶƚĂƟŽŶ �ǀĂůƵĂƟŽŶ

WƌĞůŝŵŝŶĂƌǇ�ƐƚƵĚǇ

DĂŝŶ�ƐƚƵĚǇ 

�ŝĂŐŶŽƐŝƐ�ŽĨ�ůĞĂƌŶŝŶŐ�ĚŝĸĐƵůƟĞƐ�

TĞƐƚ�ƉŚĂƐĞ
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Development of the support program  
In the following section, insights into principles, concepts and guidelines (see table 2), which 
were used to develop the support program, will be presented. Based on the concepts of 
Participatory Action Research (Kemmis & McTaggart, 2007) a support program was created 
with the help of the teachers, who were interviewed during the preliminary study. Although 
these special education teachers were not formally trained in chemistry, their teaching 
experience, knowledge on special education and diagnostic competence was the decisive 
factor for this study. The support program itself will be described in the next section. 
 
Table 2  
 
Theoretical framework of the teaching program 
 

Scientific area Concepts, principles, guidelines 

Science education Epistemological competence and basic concepts in 
chemistry (KMK, 2005, Parchmann & Schecker, 2007), 
Johnstone’s Triangle (Johnstone, 2000), Language, 
heterogeneity and special needs in science education 
(Leisen, 2010; Markic et al., 2012; Schmitt-Sody & 
Kometz, 2012; Marschark & Spencer, 2010; McGinnis & 
Stefanich, 2007) 

Language teaching Scaffolding (Gibbons, 2002), German as a second language 
(Kniffka & Siebert-Ott, 2009) 

Special education, inclusion Educating deaf students (Marschark & Spencer, 2011), 
easy-to-read (Inclusion Europe, 2009) 

Pedagogy Differentiation and individual learning (Jonassen & 
Grabowski, 2012), cooperative learning (Gilles, 2007) 

 
From the area of science education, the topic epistemological competence and Johnstone’s 
triangle, which refers to the transition from describing scientific phenomena from macro- to 
submicroscopic level and symbol level is central in science education and the basis of the 
study. As mentioned before, researchers assume, that particularly scientific reasoning and 
working like doing experiments is convenient to involve all students. Besides, studies 
addressing language, heterogeneity and special needs in science education and concepts 
discussed in the context of German as a second language were reflected and transferred into 
the program as well. Since the students have very individual learning requirements, basic 
principals like individual learning and differentiation and measures of cooperative learning 
were considered to enable all students to take part in the lessons. The program ‘easy-to-read’ 
launched by ‘Inclusion Europe’ was also taken into account. Inclusion Europe published 
standards for making information easy to read and understand considering people with 
learning and mental disabilities. Their recommendations were concerned with simple 
language, structured texts, and visualization, which is in accordance with the 
recommendations of the surveyed teachers as well. As visualization and drawing is a suitable 
way of learning for the students, the teachers recommended applying lots of experiments, 
pictures and drawings of scientific phenomena to support the students. Since linguistic 
difficulties were pointed out as one of the major barrier in science education in general and 
also for students with special needs, these principals can contribute to all students. 
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Support program  
Since considering the submicroscopic perspective is an essential task in teaching and learning 
chemistry (Floriano, Reiners, Markic & Avitabile, 2009), the teaching material was created on 
the subject of ‘solutions’. This topic involves experiments like dissolving sugar and salt in 
water, which is close to the students’ everyday life experience. As using the particle model to 
explain the process of dissolution is a basic principle in chemistry (Parchmann & Schecker, 
2007), these lessons are planned for introductory class. Because the topic ‘solutions’ involves 
little prior knowledge, it is anticipated that all students can benefit from the lessons. The 
lessons were planned for approximately six weeks and were held by the regular teacher. 
 

The support program is based on the following three focus areas: visualization, language 
support and structuring (see figure 3). Therefore, structured worksheets for reporting on 
experiments were developed. The structure and the pictograms in the worksheets refer to a 
simplified and idealized process of scientific working and reasoning, which is appropriate for 
introductory chemistry class. Assumption, material to conduct the experiment, conduction of 
the experiment, observations and explanation of the experiment are topics addressed in the 
worksheets. The instructions of the experiments are visualized and supplemented by simple 
text descriptions. All images and pictograms were created by a graphic and media designer.  
 

 
Figure 3. Overview of the support program (note: images of technical terms in German Sign 
Language were taken from the German Sign Language dictionary by Karin Kestner) 
 
In order to document observations and results, the students create drawings on both macro- 
and submicroscopic level. As an additional support, the students illustrate their perception of 
the experiment by using concrete models constructed from modeling clay. All tasks in the 
worksheets are supplemented by vocabulary enrichment exercises like labeling the drawings 
by using technical terms, multiple-choice-exercises, fill-in-the-blank-texts, suggestion of 
sentences and using some of the technical terms existing in German Sign Language. These 
terms were taken from a German Sign Language dictionary by Karin Kestner, which contains 
very few technical terms (Kestner, 2009). In order to process the tasks, educational aids were 
created for every single step in the worksheet, from the assumption to the result of the 
experiment. The overall process of the support program is embedded in the cooperative 
learning technique ‘think-pair-share’ to include all students.  

Visualiza(on+

Structuring+Language+support+

Teil I: Was passiert mit dem Zucker im Wasser ?

Ich fülle etwas Wasser in das Becherglas, 
bis es halb voll ist.

Ich nehme ein Stück Zucker 
aus der Packung. 
Ich gebe den Zucker in das Becherglas.

1. 

 

Chemie Name: Datum:

Durchführung: 

1 Becherglas  
1 Stück Zucker
   Wasser

Materialien/Geräte/Stoffe

1

Vermutung:

 Ich vermute, _________________________________________________ 
 
 ___________________________________________________________ .

Würfelzucker

2. 

Beschrifte die Zeichnungen!  �

�

�Teil I: Was passiert mit dem Zucker im Wasser ?

Ich fülle etwas Wasser aus der 
6SULW]ÀDVFKH�LQ�GDV�%HFKHUJODV��ELV�HV�KDOE�
voll ist.

,FK�QHKPH�PLW�HLQHU�3LQ]HWWH�HLQ�6W�FN�
=XFNHU�DXV�GHU�3DFNXQJ��
,FK�JHEH�GHQ�=XFNHU�LQ�GDV�%HFKHUJODV�

Würfelzucker

1. 

2. 

&KHPLH 1DPH� 'DWXP�

9HUPXWXQJ�

� ,FK�YHUPXWH��GHU�=XFNHU���

       ������VFKPLO]W�
       � ... löst sich.

       ��,FK�YHUPXWH��HV�SDVVLHUW�JDU�QLFKWV�

'XUFKI�KUXQJ��Beschrifte die Zeichnungen!

��%HFKHUJODV
��6SULW]ÀDVFKH�PLW�:DVVHU
��3LQ]HWWH���
��6W�FN�=XFNHU

0DWHULDOLHQ�*HUlWH�6WRIIH

1

1

Ich ziehe 2-mal mit der Pipette Salzwasser auf 
und gebe es in die Abdampfschale. 

Ich baue die Apparatur auf wie im Bild.
Ich setze eine Schutzbrille auf.
Ich zünde den Gasbrenner mit dem 
Feuerzeug an. 
Ich stelle den Gasbrenner nach einigen 
Minuten aus. 

Durchführung:  

1.

�

�

Beschrifte die Zeichnungen!  �

everyday'life'experiments'
think3pair3share'
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Research methods 
The research methods in the main study integrated elements of Participatory Action Research 
as well as formative (Flick, 2009) and criteria-based evaluation. In order to check, whether 
the students are able to describe and to explain the experiments as well as to use technical 
language successfully, individual profiles of each student were generated from work- and 
assessment-sheets. The assessment-sheets were developed by the researcher based on criteria 
in respect of reporting on experiments (Groß & Reiners, 2012) and epistemological 
competence, which were also applied to evaluate the students’ performance in the worksheets. 
On the one hand the students evaluate themselves on their achievement at the end of the 
study. The self-assessment sheet included items like ‘I can make an assumption’ or ‘I can 
describe my observations with a drawing’. The task of the students is to assess, whether they 
are good, quite good, medium or have to improve themselves in a particular area and what 
they are interested in additionally. On the other hand, the participating teachers also received 
an assessment-sheet to evaluate each student based on the same criteria.  
 

With respect to formative evaluation, notes from classroom observations and reflective 
discussions with the participating teachers were collected during the study. Lastly, the 
teachers were surveyed in a final questionnaire, which addresses topics like ‘Do you think the 
support program is suited to introduce the students to scientific reasoning and working?’ or 
‘What ideas do you have to improve the support program?’. Additionally the same 
questionnaire including a short description of the support program, worksheets and learning 
aids was sent to schools for students with speech impediment and learning difficulties to 
assess, whether the teachers think, the support program can also contribute to their students. 
The data was analyzed with the help of Qualitative Content Analysis according to Mayring.  
 
OUTLOOK 
Since the main study is ongoing, the data has not been analyzed completely. However, first 
impressions are, that the students benefit most from vocabulary enrichment exercises and 
drawings of their observation. Since some of the perceptions of the particle model were not 
adequate yet, apparently, the students need more support in this area. For that reason, the 
study continues in three more classes, also including students with speech impediment and 
learning difficulties. 
 

Although further research is needed to make valid statements on the effectiveness of the 
support program, it is expected that many elements of the teaching program, for example 
vocabulary enrichment exercises, structured worksheets, and drawings can also contribute to 
other special needs students. The same is anticipated for inclusive schools as well, particularly 
with respect of slower learners and students with German as a second language.  
 
 
 
 
 
 
 
 
 
 
 
ABBREVIATIONS  

− MSW: Ministerium für Schule und Weiterbildung  
− KMK: Kultusministerkonferenz  
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THE DEVELOPMENT OF FEMALE GENDER IDENTITY 

AND LEARNING PHYSICS – A CONTRADICTION? 
 

Ilse Bartosch 

University of Vienna 

 

Abstract: In an ethnographic case study design the question was explored how the 

development of female gender identity and physics learning are entangled during early 

adolescence. The four examined girls attend keystage 7 or 8 at different Viennese academic 

secondary schools and all of them show interest in physics and are successful learners. The 

study is based on the theoretical concept of physics identity. This framework includes interest, 

competence, performance and recognition by the important others. Using this theoretical 

concept the shaping of students’ roles in the physics classroom can be understood as part of 

developing a personal identity. The data (observation reports and semi-structured interviews 

with the teachers) is analysed through hermeneutical in-depth methods against a theory of 

learning based on experience recently modelled by Combe and Gebhard (2009) This approach 

allows gaining a more holistic insight into the interplay of cognition and emotion during the 

learning process. The analysis reveals that the achievements of the case studies’ protagonists 

are primarily due to their lingual, metacognitive and social competences. They volunteer as 

learning models who translate the respective problem from the scientific discourse to their 

everyday language. The protagonists’ achievements in physics are strongly linked with their 

ability to organize the interaction between their psychic inner world and the outer world of 

school lessons in an imaginative way. As one of the observed girls says, girls who want to 

become physicists ‘are able to do both!’ They can argue over problems of physics and 

simultaneously use the symbols of physics to restructure their inner world.  

 

Keywords: gender, identity lense, equity, meaningful physics learning 

 

INTRODUCTION 

In spite of myriads of studies investigating strategies to engage girls in science, gender 

inequities still arise in international student assessment tests (e.g. PISA) particularly with 

regard to physics, and there is still a gap between the participation of men and women in the 

fields of physics, engineering and technology. According to PISA 2006, in Austria the bias in 

physics is outstanding amongst the rest of the OECD countries. It equals more than one year 

of classroom learning (OECD, 2007).  

Many studies on teaching for equity have developed learning environments suitable for both 

girls and boys or measure the impact of a new curriculum and pedagogical interventions on 

science attitudes and achievements. Respective large scale studies conducted in Germany 

(Häussler & Hoffmann, 2000) and Switzerland (Labudde, Herzog, Neuenschwander, Violi, & 

Gerber, 2000) provide evidence that the designed interventions had an impact on attitudes 

towards and achievement in physics for both – girls and boys – but they could not provide 

evidence that these measures could narrow the gender-gap. However, these studies were 

critiqued for only using quantitative methods which are considered not appropriate for the 

complexity of the processes which produce inequities (Brotman & Moore, 2008, p. 984). Thus 

in the last decade gender research in physics education shifted its attention to the practice of 

doing gender in the microprocesses of physics lessons (Faulstich-Wieland, Willems, Feltz, 

Freese, & Läzer, 2008). Furthermore, researchers investigate the construction of the exclusive 

and male culture of physics in classroom interactions (Brickhouse, 2001; Willems, 2007) as 

well as the role of identity in the students’ engagement with the learning of science (Schreiner 

& Sjøberg, 2007). This study is embedded in the aforementioned research paradigm and 
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investigates the entanglement of female adolescent development and physics learning in the 

microprocesses of classroom interactions in lower secondary years (keystage 7-8).  

RATIONALE 

The theoretical concept of ‘physics identity” first drawn by Carlone and Johnson (2007) and 

enhanced by Hazari et al. (2009) encapsulates four dimensions:  

 interest, the desire/curiosity to think about and understand physics 

 competence: the belief in the ability to understand physics concepts 

 performance: the belief in the ability to perform required physics tasks and the 

experience of successful performance 

 recognition by the important others as a person who can do physics. 

 

 

Figure 1: Framework for students’ identification with physics (Hazari et al., 2009, p. 5) 
 

This multidimensional construct is considered a more adequate and richer theoretical 

framework than attitudes towards physics for students’ long-term personal connection to 

physics. Looking at science learning through the ‘identity lens’ also allows viewing how 

students shape their role in the physics classroom as part of developing a personal identity. 

Though the perception of who a person is can be considered as rather stable, modern identity 

concepts perceive identity as a multiple construct negotiated in the various communities a 

person participates in (Hannover & Kessels, 2004). People, especially young people, are 

continuously reconsidering and redeveloping their self. Playing with real and phantasmatic 

aspects of identity adolescent girls and boys experimentally form an individual personality in 

the interplay of self-perception and the perception of the important others – the parents, the 

teachers and the peers (Hannover & Kessels, 2004). Following from these considerations 

Nancy Brickhouse (2001) as well as Camilla Schreiner & Svein Sjøberg (2007) argue that 

physiscs teachers have to keep in mind who students are and who they want to be.  

Amongst others Peter Labudde draws attention to the fact that “physics teachers play a key 

role in improving girls’ (and boys’) attitudes and achievements” (2002, p. 155). Yet, as 

unconscious beliefs guide classroom interactions physics teachers often thwart their equity 

goals while teaching physics by not reflecting the impact of traditions, habits and implicit 

beliefs inherent in the culture of physics and high school physics in particular. Nancy 

Brickhouse (2001) as well as Katharina Willems (2007) highlight the portrayal of physics as 
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an exclusive field rooted in the epistemological myth that the theories and concepts of physics 

are absolute and unaffected by values and beliefs. This myth is encorporated in practices, 

examples, artefacts and symbols and, of course, also in the metaphors commonly used in 

physics lessons. This leads to the establishment of the exclusive and male culture many 

students prototypically attribute to physics lessons and the field of physics as a whole. 

Moreover, physics teachers have adopted the habitus of the physicists during their teacher 

education at the universities’ physics department and enact the masculine culture of physics, 

established through the historical predominance of men in the field of physics in classroom 

interactions. Therefore the fact that primarily men were historically those who did physics has 

not only led to associations of masculinity and physics but it has also impacted the scientific 

as well as the classroom discourse. Both – the teachers’ habitus as well as the specific 

discourse and the artefacts used in physics classrooms – establishes an exclusive and male 

atmosphere in physics lessons which deters girls from becoming engaged in physics.  

Pintrich et al (1993) emphasize students' goals and values, their beliefs about themselves as 

learners and their roles in the classroom, in short, affective factors play a key role in learning 

processes. In order to gain a more holistic insight into the interplay of cognition and emotion 

Arno Combe and Ulrich Gebhard (2009) recently suggested framing the learning process 

against a theory of learning based on experience. In this approach, rooted in psychoanalytic 

theories of teaching and learning, intuition, resistance, imagination and fantasy play a 

significant role in the learning process. These affective functions of mind are provoked by the 

latent meaning of symbols and metaphors used in the teaching and learning process. Those 

metaphors and symbols get access to the 

scientific discourse whenever research  

results (numbers, formulas, graphs, 

rigorously defined scientific expressions) 

produced in a specific community of 

scientific practice is communicated to 

other communities of practice – either to 

experts or to non-experts. Metaphoric 

expressions are used to embed the 

significant meaning of the rationalistic 

scientific discourse into the targeted 

discourse community’s horizon of 

understanding. However by these 

subjectifications the masculine and 

exclusive culture of physics is also 

infiltrated into physics and the physics 

classroom.  

When used in classroom talks these symbols and metaphors, however, trigger phantasies 

deeply rooted in the experiences and beliefs which accompany the efforts of the learner to 

reconstruct scientific knowledge against the background of personal experiences. As fantasy 

bridges the gap between the foreign world of physics and the world of personal relevance, 

these “subjectifications” produced by imaginative associations which accompany the 

“objectifications” intended by physics lessons are of tremendous importance for meaningful 

learning. Particularly fantasy mediates the transformation of irritation (which always 

accompanies learning efforts) into a successful learning process. It has the potential to 

function as a dynamic medium of intercommunication between the inner and outer world und 

has thus the potential to foster transitions between self and object, which can be considered 

the desired result of all educational processes. As the quality of emotions is used as a means 

of evaluation to decide whether or not a new trait suits the emerging adolescent identity, such 

Figure 2: Model of Meaningful Physics Learning 

(cf. Bartosch, 2013, p. 105) 
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a holistic learning theory can also shed light on the emotional entanglement between the 

learning processes and the adolescent development of identity.  

 

METHODS 

In an ethno-methodological case study design the following questions are explored:  

 How is the development of female gender identity and learning physics intertwined 

during early adolescence? 

 How can one characterize the learning environments students are confronted with? 

Which space is feasible for students to shape their interactions? Which forms of 

relationship which allow a safe border crossing into the culture of physics for both 

boys and girls are provided by the teacher? 

The study tracks the learning paths of four 13 to 14-year-old girls, two of them had migrant 

background. They all attend different Viennese academic secondary schools, and they show 

interest in physics and are successful learners. Two girls are taught by male teachers the other 

two by female ones. The teachers differ in their school experience: two teachers have already 

taught more than 20 years, two have only a few years of teaching experience.  

The data consists of observation reports of 10 observed lessons of 50 minutes per girl as well 

as semi structured interviews held with the physics teachers at the end of the observation 

period. The texts were analysed through hermeneutical in-depth methods and interpreted from 

the theoretical point of view of psycho-analytic pedagogy and social constructivist theories of 

high school physics pedagogy as well as gender studies. 

The observation technique used goes back to Esther Bick (1964) and is referred to as 

“Tavistock Method”. This psycho-analytically based observation technique focuses on the 

affective tuning of interactions. Its most relevant aspects are differentiated observation of 

interactions and hypothesis-driven analysis in a seminar group. In contrast to focused and 

tightly structured classroom observations this form of open observation allows an exploratory 

access to the field. In order to receive a detailed picture of the learning processes the observer 

has to be highly attentive to perceive the observed situation in its complexity (floating 

attention) and at the same time the observer is challenged to resist the interaction offers 

perpetually present in the observation situation (abstinence). According to this method notes 

were only casually taken to capture the authentic students’ language. However a differentiated 

description of the lesson is written down immediately after the observation. The advantage of 

this method which relies on the five senses of the observer and her (his) resonating body 

sensitized in numerous observation experiences is the possibility of grasping the complexity 

of the classroom situation. Moreover this form of classroom observation escapes the 

reification trap as it does not focus on differences between boys and girls but rather on the 

diversity of the learning processes.  

RESULTS 

The below-mentioned results are the regularities found in a cross-case search for factors 

related to a successful development of a physics identity of the four girls. As these regularities 

emerge from cases considered as unique sui generis a certain degree of universal validity can 

be assigned to them.  

Characteristics of the learning environments 

The interview data provides evidence that the teachers are aware of the occurrance of 

gendering processes in their physics lessons yet they do not have any hypothesis how they 

themselves are contributing to the gender gap. Despite of the awareness of the humiliations 

they experienced themselves during their academic socialisation in the exclusive male culture 
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of physics the teachers are not capable of deconstructing the exclusive masculine culture of 

physics. As a consequence it remains encapsulated in their implicit beliefs of science teaching 

and guides unconsciously their teaching decisions. This leads to the design of learning 

environments which are dominated by traditional physics teaching routines. In contrast to the 

male teachers who align their lesson designs with the needs of the gifted students, the female 

teachers are committed to facilitate successful learning for all students. In their learning 

environments the students find many opportunities to elaborate conceptual knowledge. 

Additionally, for female teachers formative assessment is of great importance for 

guaranteeing learning progression. The opportunity of peer teaching is another trait of the 

female teachers’ lesson design. Students get the chance to teach their peers on issues they 

have acquired expertise occasionally with support of the teacher. Nevertheless the atmosphere 

in one of the female teachers’ physics classroom is rather stressful because of too rigorous 

formative assessment techniques and in the other female teachers’ lessons the observed girl 

has to work hard for obtaining the teacher’s recognition. 

Interference of physics learning and adolescent development 

In spite of the aforementioned constraints on learning opportunities and the fact that only one 

girl had regularly shown expert knowledge acquired in appropriate out of school physics 

activities the learning environments were suitable for three of the four girls to a very high 

degree, for the fourth still partly. These three girls were very self-confident about their 

abilities to understand physics although only one of them can be categorized as a ‘dedicated 

scientist’ (Krogh & Thomsen, 2005). Due to their self-confidence and their verbal skills they 

are able to articulate problems of understanding whenever they arise. Moreover, their peer 

interactions are grounded in a broad repertoire of interaction modes which they can apply 

accurately in various classroom situations. 

The forth girl was not as self-competent as the other three girls but she had recently 

experienced that she was capable of mastering the challenges of physics tasks. She was lucky 

to have a teacher who was very sensitive to her emerging competences and gave her support 

whenever she could. Unfortunately the girl’s fate was that she had to work regularly together 

with a boy who saw himself as a future physicist and was not able or not willing to recognize 

the physics skills of his colleague. She had little chance to contribute in doing hands-on-

experiments. Moreover, her suggestions or explanations – though elaborated – were not 

accepted by her male peer. The situation became even more complicated when they worked 

together with a second girl in a group of three. In this social situation the two girls often found 

themselves in a competition. This competition did not become manifest – nevertheless, the 

boy could take advantage of the situation and increase his self-esteem as a physicist and, of 

course, as a young man as well. 

The following example displays that girls who are successful in physics are able to think 

about physical phenomena, explanations and principles and simultaneously reflect on how 

these physics issues are connected to their personal experiences and horizon of understanding.  

“The teacher … demonstrates with a magnetic needle, that a current-carrying wire is 

surrounded by a circular magnetic field. Marie asks, "When I am following the compass 

always pointing north and let’s say a metal, ah, magnet, ah current carrying bulky piece 

of metal is under the surface, isn’t then the compass working wrong? The teacher 

answers that this will not really happen because usually alternating current is flowing in 

the cables and moreover there are always two-pole cables installed. ‘But in principle 

you are right.’” (Bartosch, 2013, p. 271 excerpt of an observation report,translated by 

the author) 
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An in-depth analysis reveals that Marie, the observed girl, does not only assess her 

understanding of the concept the teacher’s experiment is demonstrating by transferring it to 

her everyday experiences but by drawing the conclusion that electric current may interfere 

with a compass in its function to give guidance, she is addressing simultaneously the specific 

incertitude of adolescence in an implicit way. The above cited quotation is part of a huge 

amount of data demonstrating that physics learning interferes with the central developmental 

tasks students have to approach during adolescence.  

However, the interference between the problems as well as their explanations presented in 

physics lessons and the associations and affects raised by them is not always integrated as 

smoothly as the above quotation suggests. Whether the irritations caused by symbols and 

metaphors used in translating the abstract scientific explanations of the world into the 

language of physics lessons can be resolved depends to a high degree on the teacher’s ability 

of reading the implicit meanings of classroom talks. As seen in the quotation of the lesson-

minutes Marie is lucky to have a teacher who is sensitive to the hidden phantasies which are 

an inextricable part of classroom dialogues: The teacher’s answer acknowledges Marie’s ideas 

but he also sets her mind at ease. The reassurance to Marie’s fear of getting lost when the 

compass would not guide her anymore can be understood as evidence that the teacher also 

comprehends the girls’ disguised message. Thus he offers the girl a supportive frame in a 

twofold way: containment for her irritation and a confirmation of her competence in physics. 

In Wilfred Bion’s (1962) words: The teacher has provided “containment” for the girl’s 

developing mind.  

A closer examination of the correlation between the interview data and the observation 

protocols reveals that the teachers’ possibilities for giving guidance into the new and foreign 

territory of physics corresponds with their ability of reflecting on their socialisation into the 

physics community during their education as a student teacher at the physics department at 

university as well as with their own irritations, humiliation and insecurities they themselves 

experienced on their journeys through adolescence. 

DISCUSSION 

The essential question of my study was how physics learning could become meaningful for 

identity development. As elaborated above the physics related self-efficacy and achievements 

of the case studies’ protagonists are primarily a result of their verbal, meta-cognitive and 

social competences. By identifying and articulating their problems of understanding in front 

of the class these girls volunteer as models who translate the respective problem from the 

scientific language into their own language and the language of their peers. What is more 

these girls are recognized by their peers for helping them to understand. This can be 

considered as one possible reason why they escape from getting trapped in the stereotype that 

a girl who succeeds in physic is not attractive as a female colleague any more.  

In the case studies it also becomes evident that the central adolescent developmental tasks of 

the girls are always present in the physics lessons in an implicit way. They interfere with the 

learning process and give the physics lessons an opalescent and ambiguous flair. The analysis 

suggests that the protagonists’ achievements in physics is strongly linked with their ability to 

use the artefacts, symbols and metaphors commonly used in physics lessons in an imaginative 

way for organizing the interaction between their psychic inner world and the outer world of 

school lessons. Thus the hypothesis can be suggested that these girls are successful learners 

because they are able to mediate the teacher’s metaphoric story with their own picture of the 

world. At the same time they use these symbols and metaphors of physics in a transformative 

way to restructure their inner world. This specific restructuring process fosters in return the 

building of a physics identity. However, more research is necessary to find out how chances 

for such a restructuring process can be systematically established in learning environments. 
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According to the learning model of Combe & Gebhard (2009) the confrontation with learning 

issues triggers a series of associations in students’ minds. These associations often are only 

loosely connected to the learning objectives. They are rather subjective associations triggered 

by the symbolic or metaphoric content of the learning issue. Thus through these associations a 

dialectical process between developmental tasks diving up from the inner world and the 

learning tasks can be mediated. This dialectical process appears in the disguise of intentional 

perceptions, phantasies and imaginations which do not always reveal their connection to the 

physics content at the first glance. I therefore assume that in many studies singularly focusing 

on cognitive processes these associations are neglected as ‘activities not important for the 

learning process’. A reanalysis of qualitative material such as video aided observation of 

physics lessons gathered in previous studies therefore may give a hint why so called gender 

sensitive learning environments failed to balance the gender gap. 

Due to the masculine connotation of physics boys regularly can maintain a physics identity 

even when they are not interested in the physics lessons’ contents: The masculine flair of 

physics promises them that they belong to the adult male world when at least they show some 

interest and know some commonly used physics expressions. Nevertheless the process which 

leads to the development of a female physics identity can be understood in a similar way: It 

seems that the girls are able to deconstruct and reconstruct the metaphors and symbols 

originating in the world of physics in such a way that they can use them to restructure their 

inner world. Pivotal for the maintenance of this dialectical process between fantasy and reality 

are sensitive others – the teacher, the best girl-friend, the peers who can read these 

fantasmatique figures on both levels – the level of physics and the level of the girls’ 

intrapsychic world. This enactment of what Gebhard calls “bilingual skills” seems to be 

crucial for guiding learning processes which are meaningful for identity development. Yet 

further research work is necessary to learn more about the intuitive, pre-reflective ideas which 

students associate with a specific learning object and the impact they have on conceptual 

change processes.  

However, the in-depth analysis of the data does not only reveal the importance of the 

intuitional perceptions and imaginations raised by learning contents for the restructuring of 

the developing self, it also uncovers the masculine culture encapsulated in the traditions and 

habits of science and science teaching at school. Moreover, stereotyped scenes arise out of a 

deliberate coincidence of factors in the teaching process. Both aspects restrict the identity 

building process. Therefore the opportunity for reflecting on and transforming the masculine 

and exclusive culture of physics can be considered as a prerequisite for a learning 

environment which supports the development of a so called physics identity. This insight is 

particularly important for teacher education because it shows the necessity of mutually 

connecting the nature of science with equity issues in teacher education curricula. 

To conclude, the girls’ personal resources and reflective teachers are absolutely crucial for 

meaningful learning processes. The observed girls were successful in physics because they 

could balance autonomy and relatedness, they volunteered as learning models and therefore 

were recognized by their peers and did not become the targets of stereotyping processes. They 

can argue on problems of physics and simultaneously use the symbols of physics to 

restructure their inner world. Pivotal in this interplay of identities are sensitive others – either 

the teacher or a female (sometimes also a male) peer: If they are able to read the girls’ figures 

of mind on both levels – the manifest as well as the latent one – and to respond adequately, 

the girls are recognized in their physics identity.  
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Abstract: Learning of scientific language and its proper use in science classes is one 

of the main aims of science teaching. However, it is widely known that students have 

different problems understanding and using scientific language. Furthermore, science 

teachers are a key factor in promoting changes in science lessons. Their actions in the 

classroom are influenced by their personal knowledge and beliefs. Therefore the aim 

of the present case study is to develop an instrument which can portray science 

teachers` PCK on the teaching and learning of scientific language. For the present 

study, the definition of PCK is based on Loughran et al. (2006). The study explores 

the development of CoRe (Content Representation) for teaching and learning 

scientific language in science classes. The study is based on open interviews with 11 

science teachers with regard to their knowledge concerning scientific language in the 

classroom. The results show that it is possible to develop a tool examining science 

teachers` PCK. Furthermore, the study reveals that levels of teacher PCK tend to be 

quite low and in many cases represents a naïve view of teaching of scientific 

language. Science teachers generally know only a few methods for teaching scientific 

language. Most of them do not really pay attention to it in detail during their lessons. 

The results will be presented and discussed using the CoRe format of expression. 

Recommendations for pre- and in-service science teacher training will also be made.  

Keywords: Science Teachers, PCK, CoRe, Scientific Language 

 

THEORETICAL FRAMEWORK  

Pedagogical Content Knowledge 

„… to elaborate and give insight into the interacting elements of the 

teacher's PCK in ways that are meaningful and accessible to the reader, 

and that may serve to foster reflection in the reader about the PCK under 

consideration, and to open the teacher reader to possibilities for change in 

his/her own practice.”(Mulhall et al. 2003, 5) 

The construct of Pedagogical Content Knowledge (PCK) is very familiar to science 

education researchers and common agreement exists about its usefulness. In this paper 

the understanding of PCK as described by Loughran et al. (2006) is used as a starting 

point. To represent science teachers`PCK about a particular scientific topic, Loughran 

et al. (2006) developed two formats which are different to each other but 

complementary to each other. These are Pedagogical and Professional-experiences 

Repertoires (PaP-eRs) and Content Representation (CoRe). PaP-eRs are presented as 

narrative accounts of teachers` PCK for a certain scientific content. Every PaP-eR 

describes the teachers` thinking about an element of PCK for certain content and is 
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based on classroom observation or comments made by teachers. The intention the 

PaP-eR is to give more insights into aspects of CoRe.  

Content Representations (CoRes) (Loughran et al., 2006) were initially developed as a 

tool for examining the in-service teachers` PCK for different topics. They give an 

overview of the certain content that teachers teach during particular topic. These 

CoRes could be used to represent such knowledge of the teaching profession and to 

stimulate its further development. A CoRe is a detailed framework for describing 

science content knowledge, knowledge of how students learn in particular science 

content areas, and different teaching strategies, based on Shulman`s (1986) categories 

of knowledge. The presentation of a CoRe is carried out in a matrix that lays out the 

larger ideas for teaching a particular topic, as well as aspects of teaching each idea. 

Each column in a matrix stands for one Big Idea which is to be taught within the 

certain content. The term Big Idea describes a science idea which teachers sees as 

being important to understand the certain topic. The vertical axis of the matrix 

represents answers to different questions: (i) what do you intent the students to learn 

about this idea, (ii) why it is important for students to know this, (iii) what else you 

might know about this idea, (iv) difficulties/limitations connected with teaching this 

idea, (v) knowledge about students` thinking which influences your teaching of this 

idea, (vi) other factors that influence your teaching of this idea, (vii) teaching 

procedure and (viii) specific ways of ascertaining students' understanding or 

confusion around this idea. 

 

Scientific Language 

“Science does not speak of the world in the language of words alone, 

and in many cases it simply cannot do so. The natural language of 

science is a synergistic integration of words, diagrams, pictures, graphs, 

maps, equations, tables, charts, and other forms of visual mathematical 

expression.” (Lemke, 1998) 

Looking to the different studies about science teachers´ view on science and language, 

in most of the cases the teachers see a dichotomy between chemistry and science 

(Moore, 2007). It is to assume that this could follow the idea that hard science and the 

humanities are two extremes in the spectrum of scientific domains. Thus, many 

teachers do not see the need to teach the language in their science classes or to pay 

attention to this issue. The science teachers are not very sensitive for students` 

linguistic difficulties and do not feel competent or even responsible to deal with such 

problems during their science teaching. 

Additionally to the students` issues by using of the official language of the country 

they visit the school at, there are also issues considering the scientific language. The 

importance of the use of scientific language in science lessons is not a new component 

in science education; it is a necessary component of understanding the subject matter 

(Hodson & Hodson, 1998). The scientific language is new to the students and the 

students` learning of a scientific language can be understood as a learning of a foreign 

language (Childs & O`Farrell, 2003). This is truth for only some of the words of 

scientific language e.g. chemicals and materials. However, the difference comes up 

when we talk about the scientific terms which describes different phenomena. The 

learning a foreign language means to learn new terms for phenomena that are already 

known. To learn the scientific language conversely means that the phenomena and the 
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ideas / the content should be learned in parallel to the technical term that is to be 

learned. To speak “scientifisch” is inextricable from learning its technical terms, 

symbols, or syntax of structuring information. However, information about science 

teachers` knowledge about teaching and learning of scientific language remained 

largely undocumented. To take the first step in closing this gap, this pilot study 

attempted to develop CoRe to describe the learning and teaching of scientific 

language. Furthermore, the aim of this project is to collect initial insights into science 

teachers` PCK in this area. 

 

RESEARCH QUESTIONS 

Starting from the background of PCK and the importance of the scientific language, 

the aim of the present study it to see which knowledge do science teachers have when 

it comes to teaching and learning of scientific knowledge.  

Furthermore, the question is also of scientific language can be seen as a “content” on 

its own or is it a part of different contents. Therefore, the question is also, if the CoRe 

is a good representation form for the science teachers` knowledge about teaching and 

learning of scientific language in science classes.  

Staring from here, this study is done in the meaning of a pilot study and is about to 

answer two research questions:  

1. Is CoRe as presented by Loughran et al. (2006) a feasible tool to represent 

science teachers` knowledge  about teaching and learning of scientific 

language in science classes?  

2. Which knowledge do science teachers hold about teaching and learning of 

scientific language? 

  

METHODS AND SAMPLE 

Since no theories previously existed for predicting science teachers` knowledge with 

respect to the inclusion of scientific language in their lessons, qualitative data in the 

frame of open interviews was collected in order to answer the research questions. 

First, science teachers were asked for their age, sex, and teaching experience. 

Furthermore, information about their linguistic background and knowledge of foreign 

languages were collected. The second part of the interview started with the question 

“How do you teach scientific language? Please describe it.” No further questions were 

asked, except in the case that the interviewer did not understand a statement made in 

the answer. 

Data was collected in the city-state of Bremen, Germany. All of the teachers involved 

taught in different schools. In each previous PISA study, Bremen had consistently 

achieved the lowest scores possible when compared with the other German states. 

Bremen also has the highest rate of both households disinterested in education and 

unemployment. Thus, Bremen can be compared with other areas of high population 

density in Germany and can used as a representative sample for this case study. 

Data was collected from 11 teachers (6 female and 5 male), who mainly teach 

chemistry and biology or chemistry and physics
1
. All of them stated that about one-

                                                           
1
 In Germany teachers need to teach at least two different subjects.  
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third to one-half of their pupils have linguistic difficulties in the German language. 

All of them speak German as a native language (typical for Germany) and have more-

or-less complete knowledge of one other language (normally English). 

  

DATA ANALYSIS AND RESULTS  

This study bases on open interviews. One of the main issues of the pilot study was to 

identify the kinds of information which could be possibly evaluated from the initially 

collected data. Because there is no theory to serve as a starting point, the analysis of 

the interviews was performed using Grounded Theory (Strauss & Corbin, 1990). The 

interviews were open coded. All the details that the science teachers named were 

listed. Open coding included all elements providing information about teaching 

methods, problems and limitations, objectives, textual approaches etc. From this 

source, axial coding was then carried out to achieve cyclical improvement of the data. 

The codes from open coding were combined together into categories. Using the 

context of CoRe, these categories were labeled as Big Ideas. Areas representing six 

ideas about teaching and learning of scientific language were evaluated: 

1. Terms and definitions are contextually tied to the subject matter of the 

school subject. 

2. Scientific language distinguishes itself through various characteristics, 

which separate it from the everyday usage of similar words. 

3. Scientific language is comparable to the learning of a foreign language. 

4. Scientific terms used in the science are not necessarily foreign words and 

are often used in areas outside science to mean other things. 

5. Scientific terms are ordered according to a hierarchy of weighting, which 

determines when and in what measure they appear in lessons. 

6. Each science area possesses its own, specific scientific terms. 

In the selective coding phase, each idea was connected using a scale of eight questions 

as developed by Loughran at al. (2006) and presented here in the theoretical 

framework. The science teachers interviewed made a list of statements about the six 

Big Ideas for here developed CoRe about teaching and learning of scientific language. 

The statements covered the aims of learning scientific language, the sense behind the 

learning of scientific language, legitimations of the idea, the influences of the idea in 

science teaching and lessons, choices of possible teaching methods for teaching of 

scientific language, and learning strategies available for students, including the 

problems and limitations present in science lessons when it comes to scientific 

language in general. 

All the steps were carried out with permanent comparisons of the authentic data. Two 

researchers independently filled in the CoRe matrix. Their results were then compared 

and the independent coders negotiated final agreement (Swanborn, 1996). 

Starting from the 11 interview is was not possible to fill up the whole developed CoRe 

matrix. However, it was possible to answer some questions. The results show that the 

participants` knowledge about teaching and learning of scientific language is 

homogeneous. It is surprising to note that no differences exist between beginning 

teachers and those with more than 20 years of experience. All of the teachers in the 

study were aware of the importance of scientific language. However, their knowledge 
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of the teaching methods and characteristics of scientific language, including the 

importance of knowing about languages, remains quite low and shows itself to be 

naïve in almost all cases. 

  

CONCLUSIONS AND IMPLICATIONS  

The present case study indicates that it is possible to design CoRe as an instrument for 

identifying science teachers` knowledge about teaching and learning of scientific 

language. This case study reveals that the science teachers interviewed possess very 

little knowledge of teaching and learning scientific language. Additionally, the study 

delivers an instrument which serves as a starting point for further improvements 

within the larger group of science teachers. Thus, data will be collected from an 

extended sample of teachers in order to better validate the developed tool. 

Some implications should, however, be addressed. The CoRe which was developed 

can be used as a tool for further developing pre- and in-service science teachers` PCK. 

Furthermore, CoRes can be employed as a tool for meditation and reflection (Hume & 

Berry, 2011). This will aid science teachers and teacher trainees to move across the 

knowledge boundary by identifying and exploring key pedagogical issues related to 

scientific language in teaching and learning with the help of university educators. In-

service teachers can not only collaborate with pre-service teachers when designing 

CoRes, but also when evaluating and reflecting upon already existing CoRes. Within 

the framework of in-service teacher training, CoRes can be used as a tool for a self-

reflection and self-assessment. In summary, CoRes can be used as tools for 

stimulating pre- and in-service metacognitive awareness of teachers’ professional 

knowledge and may aid in developing it further. 

Finally, the study shows that the teachers in this study do not have extended 

knowledge about teaching and learning of scientific language in their science classes. 

Especially when it comes to the methods strategies and tool for teaching scientific 

language the teachers` knowledge can be described as incomplete and insufficient. 

However, there are different methods which can be used (e.g. Markic, Broggy & 

Childs, 2013). Thus, the following step after making science teachers for the issue of 

learning and teaching of scientific language should be by presenting and training the 

teachers in using different methods and strategies to support students` learning of 

scientific language.  
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Abstract: In the present work we approach teaching and learning of Science Education 

through the prism of Cultural Historical Activity Theory (CHAT). The Greek @fise group 

focuses on the application of Activity Theory in Formal and Informal Science Education 

and contributes to the emergent agenda on the field. The Italian group contributes to this 

agenda carrying out Innovative European Projects where teachers, parents, children, artists 

and museums are involved in STEM Education. We focus on the early grades as well as on 

teachers’ education and training, which we consider as a substantial paradigm in Science 

teaching. Within this frame, our group work includes a science educational series of ICT 

activities, workshops, scenarios and other tools that incorporate societal, cultural, historical 

elements of science. We worked on science thematic units such as electromagnetism, 

floating and sinking, buoyancy, light and living things. Furthermore, we undertook a 

survey in which future teachers were asked about the importance of science education in 

the tertiary level of their studies and they self-estimated their abilities on the theoretical 

and didactic field of Science Education. Finally, a moodle platform functioned as the most 

meditative tool of our intervention. We tried teachers’ improvement through their 

dialogical interactions with critical friends. This is an onion paper presenting different 

types of implementation seeing the educational enterprise as a total life system. 

 

 

Keywords: Cultural Historical Activity Theory (CHAT), Science Education, early 

grades, STEM Education 

 

 

INTRODUCTION  

The concept of activity becomes a very important parameter of social self-regulation and 

also the activity is the unit of cultural analysis. This way, socio-cultural approaches 

constitute the modern challenge to transform the traditional Didactics of Sciences to a 

feasible paradigm in the cross-section of Psychology and Sociology. In the present work 

we approach teaching and learning of Science Education through the prism of Cultural 

Historical Activity Theory (CHAT). We focus on to application of Activity Theory in 

Formal and Informal Science Education and contribute to an emergent agenda about 

Cultural Historical Activity Theory (CHAT) and Science Education in Europe.  

Studying the results of PISA 2009 (Program for International Student Assessment), the 

need for a new more fruitful framework to achieve the goal of scientific literacy and 

Science Education is being highlighted. We propose that this could be achieved by using 

Cultural Historical Activity Theory (CHAT) and stress the importance on the possibility of 

CHAT theory to bridge the gap between theory and praxis. It can also achieve the goal of 

interdisciplinary education in the context of multicultural Europe. Therefore, a new 
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mentality is emerging in science education as a social progress. This could reshape 

Sciences education from the inside with a natural and logical manner in the context of 

lifelong learning. 

During the last decades many scholars in the United States, Canada and Europe developed 

theoretical documentation and research methods on CHAT. In European Science 

Education policies this emergent agenda has remained isolated despite the fact that 

“learning communities”, “potentials for learning”, and “quality in Science Education 

research” are the major topics in recent European Journals, conferences and books. School 

science is often conceived as propaedeutic—preparatory study for subsequent science 

courses and for life. Science educators have yet to critically examine the assumption that 

school learning actually relates to everyday out-of-school activity (Roth & Lee, 2004). 

It is essential that curriculum designers concern themselves with how to support the 

emergence of activity systems that allow students to own the outcomes, and to construct 

outcomes that are scientifically accurate. Rather than transmitting knowledge, we view the 

role of the instructor as the one who is seeding the emergence and facilitating the continual 

evolution of a system whose function is directed by students towards activities that support 

learning the material in question (Barab, Barnett, Yamagata-lynch, Squire, & Keating, 

1999). 

 

RATIONALE  

Within the theoretical framework of CHAT, we use different methodological approaches 

to create learning environments and to develop strategies and interventions in order to 

encourage more discussion and argumentation in Science Education. The sociocultural 

aspect of Science Education will offer the potential of connecting theory with praxis in 

order to reach an advanced level of scientific knowledge. In this sense, we focus on the 

connection of Cultural Historical Activity Theory with Science Education, especially in the 

early years, which we consider as a substantial paradigm in Science teaching. Furthermore, 

the sociocultural approach of Science Education has shown that there is a great challenge 

of collaboration with other domains such as Science Technology, Mathematics, 

Psychology or Social Studies. The internationally emergent agenda, ISCAR STEM 

supports, provides practices of such collaboration (http://www.iscar.org). 

In recent years, attempts to integrate Vygotsky’s theory into the Greek national educational 

policy have taken place. When a new idea (theory or discovery, etc.) transcends the 

boundaries of its applications by extrapolating to a new realm, not only its possibilities, but 

also its limitations are revealed. In this way the conditions of its overcoming are created. 

However, in this case a question appears: What is the next step? (Dafermοs, Kontopodis, & 

Chronaki, 2013). Can it be the further “development” or the “overcoming” of sociocultural 

and activity approaches with implementation in science education? 

 

INNOVATIVE CURRICULA 

The researchers of this paper adopted a qualitative approach to understand social life as a 

flowing reality and tried to understand the dynamics of the dimension. They pay particular 

attention to the ways in which it is interpreted and experienced and (re)produce the social 
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world of the social actors in the crowd of their daily interactions and practices. They seek, 

therefore, to examine the investigational phenomena and 'internal' means that come from 

the perspective of the experiences and stories of participants in these subjects. 

In the second generation of activity theory Engeström (1987) demonstrated the analysis 

method through the graphical expression shown in figure 1. Engeström (2001, 2005) 

further developed the analytical scope of activity systems analysis, introducing the third 

generation activity theory within the context of Developmental Work Research (DWR), in 

which researchers often take a participatory and interventionist role. 

Figure 1. Activity System Model (Engeström, 1987) 

Despite the fact that this study was not designed as a participatory and interventionist 

study, we explored the use of second generation activity theory by using activity systems 

both as a tool for designing activities for student and as tool for analyzing them. Our 

proposal was tested through different settings: a) in a science teaching program for primary 

schools enriched by the using of the History and Philosophy of Science and also of ICT 

technologies, b) in university lab activities and Science Education curricula for early 

childhood, c) in teachers’ training. In all settings there are cultural historical references, as 

well as cultural historical means and methods of analysis. In this sense, we design and 

analyze Science activities for pre-primary and primary schools. We extend our activities to 

teachers’ training as well as to the transfer of innovation from the University laboratory to 

the school classrooms. So far we have collected data from our field research by interviews, 

video-recordings and e-settings. Furthermore, we have conducted a survey in which 

university students of the Department of Early Childhood of Ioannina were asked to show 

the importance of Science Education in their department and the evaluation of their 

abilities on the theoretical and didactic field of Science Education. This helped us to reveal 

their aspects in the beginning and the end of their studies in order to prepare them 

effectively for their profession. Within this frame our work includes: 

 

A) A science teaching program for primary schools (web activities in 

Science Education) 

This program concerns the application of Activity Theory in designing an ICT-based 

Instructional Package. We propose Engeström’s (1987) expansive learning as a basis for 

planning and analyzing activities in science teaching. An activity may be the teaching of a 

concept of science. For example, in teaching the concept of electromagnetism in 

elementary school, the activity is divided into activities connected with the creation of the 

Rules Community Division of Labor 

Object 

Outcomes 

Tools 

Subject 
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concept of electromagnetism. Thus, for each element which is a prerequisite for conceptual 

understanding by students of the concept of electromagnetism, there is an activity planned 

as a teaching/lesson (figure2). 

Seven activities were designed for the teaching of the electromagnetism, which took place 

in different teaching hours (one activity in each lesson). The implementation took place in 

two sixth-grade classes during the years 2010-11 and 2011-12 in a school near Athens. The 

students used a computer in every phase of the expansive learning and their answers were 

recorded in a file, in order to be processed later. In figure 3 we can see the five screens of a 

lesson (activity 5, ds-5). 

Figure 2. One activity in each lesson of the concept of electromagnetism 

 

Students perform the activity using a worksheet on the screen of their computer. They 

observe, discuss, experiment and write their opinions on the worksheet. If they have the 

possibility they conduct the experiments with real materials according to the instructions 

give on every screen. The students’ descriptions and answers were collected from the 

researcher in «log file» and were divided in episodes that corresponded to the different 

phases of the expansive learning, in order to create a clear image of the internalization of 

knowledge or skill by the students. Moreover, the teaching was video-recorded and coded, 

in order the researcher to see repeatedly the students’ acts in every phase of the expansive 

learning. 

 

     
Figure 3. Stage of expansive learning in activity of teaching of electromagnetism 
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At this point, we present a part of the outcomes of our research, more specifically tthe 

outcomes of the fifth activity – lesson, in which the students constructed a coil and an 

electromagnet. In graph, figure 4, we can see the time that was consumed in each activity 

and phase of the expansive learning. 

 

 
Figure 4. Time was consumed in each activity and phase of the expansive learning 

 

The students use more epigrammatic phrases in their answers in the first two stages of the 

activity (Group 8 «To construct a coil: we take a wire and we wind it around the pencil»), 

whereas in the modeling and the implementation stage they are more explanatory. They 

use scientific language and the use of terminology is obvious (Group 6: When we the 

circuit is closed (…with the core), it becomes an electromagnet and it attracts the clips). 

The students’ collaboration becomes more qualitative in the last stages of the expansive 

learning, where they try to accept the model that seems functional to them. This is printed 

on their answers, which become more clear (Group 6: The electric bell consists of a 

battery, a switch, a sheet metal, an electromagnet, a spring and the bell. It functions when 

the circuit is closed and the electromagnet attaches the sheet metal which rings the bell.) 

In the next phase a data analysis in three levels took place (Bottino, Chiappini, Forcheri, 

Lemut, & Molfino, 1999): 

a. In the first level (epistemological, Figure 5) (ds-5) the students formed the rules for the 

construction of the coil, decided how to use the materials need the construction method. 

The internalization of the construction will assist the doing of the other phases of the 

expansive learning, the introduction, the acceptance and the evaluation of the new model. 
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Figure 5. Three level analysis. 

 

b. Second level (methodological, Figure 5). In activity 5 (ds-5), students with an ancillary 

screen on their computer constructed a coil and tested it by approaching it to a magnetic 

needle, first on their computer and afterwards with real materials.  They decided either 

they see it on their computer first, or they build it with real materials, solving thus the 

contradictions, that arise during the acting of the activity. 

 

 c. In the third level (social interaction, Figure 5), students divided the work (one student 

controls the computer, another had the battery, a third held the coil etc.), posed questions 

which led to the acquisition of skills for the design of the solution. There were provided 

examples for an effective way of acting by the teacher. Furthermore, they made 

observations (e.g. The magnetic needle moves when we approach the coil with the 

battery), they discussed with each other and made generalizations (e.g. Group 9 fe5_st2 

Dimitra, Xristina: I observe the magnetic needle moves). The vignettes from History of 

Sciences, which were used in the current paper, led the students to adopt the scientific 

methodology in the acting of the activities and the computer gave them the opportunity to 

reach the object within the context that was demarcated during the planning of the lesson – 

activity. 

 

B) Laboratory activities and Science Education curricula for early 

childhood 

A series of laboratory lessons in the Department of Early Childhood Education in Ioannina 

in which didactical scenarios within the framework of CHAT concerning floating and 

sinking, buoyancy, light and magnetic properties were developed. We stressed the 

importance on the transfer of innovation to the field of Science Education in the early 

childhood. In this sense, we designed innovative science curricula and activities with the 

use of cartoons, animations, narratives and drama techniques. The methodology used in 

working and interacting with the university students in the laboratory lessons is based on: 

the framework of analysis by the view of Yrjö Engeström (Engeström, 2005), the eight-
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step model of Mwanza (Mwanza-Simwami, 2000) and the cultural- historical approach by 

Marilyn Fleer and Marianne Hedegaard  (Fleer & Hedegaard, 2010) about children’s 

development in every day practices.  

 

Laboratory lesson 1 

Our research process is divided in three phases, which constitute the summary of our 

research for designing and analyzing teaching activities in Sciences for students aged 5-9. 

This research has been co-financed by the European Union (European Social Fund – ESF) 

and Greek national funds through the Operational Program "Education and Lifelong 

Learning" of the National Strategic Reference Framework (NSRF) - Research Funding 

Program: Heracleitus II. Investing in knowledge society through the European Social 

Fund. 

The first phase refers to the designing of the activities, according to the Activity Theory in 

the Department of Pre-School Education in Ioannina. This included the following parts: 

1. Activity of interest. In this stage the set-up of the laboratory lessons of Magnetism 

(LLMAT) and of Buoyancy (LLBAT) took place. 

2. Objective of activity. Students provide the object of the activities in an investigatory and 

an educational level.  

3. Subject in this activity. They discussed about who were involved in activity (students, 

teachers, parents).  

4. Tools mediating activity. Books, use of the web, animations and other materials were 

the tools by which the subjects (university students) carried out the activity. 

 5. Rules and regulations mediating the activity. The student groups recorded   the rules 

that they themselves selected to pose to their group and the rules that the members of the 

children’s’ group selected for transaction of the activities.  

6. Division of labor mediating the activity. The work division during the didactic 

intervention was divided in two categories: a) The teacher demonstrated how to set up the 

experiment b) Students collaborated in pairs and with the other groups and organized the 

didactic intervention.  

7. Community in which the activity is conducted. In this step we defined the environment 

in which the activity was going to be carried out.  

8. Outcomes. This is the final step in which we provided an estimation of the results from 

carrying out this activity.  

The second phase of our research didactic intervention took place in public pre-shool 

classrooms, in order to collect more data and to reform the activities and the route of our 

research. For the collection of the data we used a) video and sound recordings, b) the 

children’s drawings, c) the children’s interviews. The implementation of the second phase 

helped us conclude to our final research plan for the final didactic intervention which took 

place during the year 2012-2013. 

The third phase of our research is the final didactic intervention. The processing of the 

qualitative data involves the use of the mediating systems that exist in every activity.  

 

Laboratory lesson 2 

In this study the didactical scenario was developed within the frame of Laboratory lessons 

in the Department of Early Childhood Education in Ioannina. The study of the theoretical 

context led to the creation of a science teaching program for the early grades. 
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The first phase of our research materialized in the context of the laboratory lessons and 

tried to explore the contribution of cartoons in teaching concepts of Sciences and to 

transfer the innovation from the laboratory classroom into the pre-school classroom. At 

first, we designed the teaching of floating and sinking concepts with the use of the popular 

cartoon Sponge Bob Square Pants. 

In the second phase, elements from History of Science were incorporated in a narrative 

about light and colors. In both phases, students had the opportunity to develop a series of 

activities and didactic scenarios, in order to teach the phenomenon of floating and sinking 

of solids in water and the properties of the light, colors and shadows. The didactic scenario 

was designed based on the principles of CHAT. The teaching was implemented through 

the various interactions existing in the community and was supported by the use of various 

cultural tools (cartoons, educational drama, and role playing) with extensions and 

implementations in the students’ everyday lives. The results from both phases of our 

research showed that teaching does not only occur inside the classroom, but expands in the 

laboratory, the nature and the environment and is connected with the society and the 

culture. By using the cultural historical context of Activity Theory and the tools that are 

familiar to the children (cartoons, educational drama), positive attitudes and values towards 

Sciences are developed and a wide context for designing and analyzing innovative 

activities is provided. 

Following this, the narrative was turned to a 20 minute animation about light, colors and 

shadows in the educational programming language scratch (in http://scratch.mit.edu/) and 

was used for the development of a didactical scenario about light, colors and shadows for 

the early grades. A didactic scenario, which contains a series of activities for the teaching 

of the concepts light, shadows and colors, was developed. The third and final phase of our 

research contains the application of the whole program in 4 pre-school classrooms in the 

city of Ioannina. All collected data are being analyzed through the creation of different 

projects in the Nvivo9 research software. The analysis and interpretation of the whole data 

have been developed by the realization of successively linked stages which were 

elaborated by the combination of theory and field research. 

 

C) Teachers’ education curriculum for living things 

The main purpose is to design and develop helpful teaching materials, supporting tools and 

a teacher education curriculum for living things. We investigate processes and practices in 

in-service teachers’ training and try teachers' improvement through dialogical interactions. 

Our research takes place through distance learning methods and by using a Moodle 

platform, constructed for the purposes of this study. In- service teachers participate in a 

fifty-hour course for teaching living things in primary schools and interact with each other 

while learning. We study how the mediating tools of the platform affect the process of 

learning during the course and analyze teachers' interactive communication. A further 

investigation into teachers' attitudes shows us that teachers improve their didactical 

strategies after their participation in the course and develop positive attitudes and values 

about living things. 

We investigated teachers' beliefs about science education and especially the case of living 

things, before and after the teachers' training program. We also tested our results about 

teachers' behaviors and attitudes by observing them during their teaching in the 
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classrooms. For this reason, most of the trained teachers undertook an implementation on 

teaching living things to their class after completing the teachers' training program. The 

whole process lasted almost four months. 

Regarding teachers' beliefs about the content of program, we focused on their beliefs by 

recording their knowledge, attitudes, behaviors and the relations among them. In this 

paper, we present some of the data, came from the statistical analysis of the questionnaires 

before the training program. The questionnaire contained 41 closed questions, in a 1-5 

Likert scale (1: total agreement – 5: total disagreement) and its structure had three pivots, 

which referred to the teachers’ beliefs about teaching Sciences, the teachers’ beliefs about 

teaching living things and the general characteristics of the respondents, in order to 

interrelate them with the rest questions of the questionnaire. 

 

Teaching Sciences in elementary school 

The first group of questions tries to explore the teachers’ beliefs regarding the importance 

and the purposes of teaching Sciences in elementary school, the methods used to teach 

these concepts and the further training in these aspects. The answers of the respondents are 

presented in Table 1. 

Table 1 

Teachers’ answers regarding Sciences in elementary schools (in percentages %) 

 
Question 

 

SA 

(1) 

 A 

(2) 

N 

(3) 

 D 

(4) 

SD 

(5) 

Α1 

I believe that teaching  Sciences in elementary 

school is necessary for developing students’ 

scientific literacy (attitude). 

75.8 23.6 0,6 0 0 

Α6 

Main purpose of teaching Sciences is the 

development of skills coming from the world of  

Sciences and their transformation into abilities for 

tme modern citizen (knowledge). 

59.0 37.2 3.8 0 0 

Α7 
I know adequately how to design and organize 

activities in  Sciences (knowledge). 
18.6 51.3 19.2 7.1 3.8 

Α9 
My training in Sciences is adequate to teach 

correctly the relevant concepts (knowledge). 
14.1 42.9 16.0 19.2 7.7 

Α10 
I would like to train further in teaching Sciences 

(attitude). 
70.1 19.1 7.6 0.6 2.5 

Α11 
My further training in teaching Sciences is 

necessary (behavior) 
63.7 21.7 9.6 1.3 3.8 

 

From the answers above it seems that the majority of the respondents believes that they 

know how to design and organize activities in Sciences, since 18.6% stated ʺstrongly 

agreeʺ and the 51.3% ʺagreeʺ. In the same question, it is notable that 1 in 5 stated neutral in 

this issue and 1 in 10 stated that they strongly disagree or disagree. Moreover, in a relevant 

question about their training in concepts of Sciences almost the half of the respondents 

stated that they have a total adequate training or an almost adequate one while the rest are 

either neutral or disagree. Despite these facts, by exploring with the following questions 

the teachers’ attitude and behavior towards the need for further education, we must state 

that the majority of the teachers presents strongly positive attitude for further training in 
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Sciences, considering it to be necessary. Despite the high percentages of the answers 

regarding if they have an adequate training in Sciences, only 1% - 3% stated that they 

disagree needing a further training or had negative attitudes towards this issue. 

 

The concept of living things in elementary school 

In this group we enlisted the questions that explore the teachers’ beliefs regarding teaching 

concepts of living things and their further training in these issues. The answers given by 

the respondents of our sample are presented in Table 2. 

 

Table 2 

Teachers’ answers regarding teaching concepts of living things (in percentages %) 

 Question SΑ (1) A(2) 
N 

(3) 
D(4) 

SΑ 

(5) 

Β12 

Teaching concepts of living things (plants, animals, 

life around us etc., is an integral part of Sciences in 

elementary school (knowledge). 

81.5 16.6 1.9 0 0 

Β13 

Teaching concepts of living things in elementary 

school cannot be successful, because most of the 

related concepts are difficult for the children’s mental 

development stage (attitude) 

3.2 30.3 4.5 30.3 31.6 

Β15 

Teaching concepts of living things and the  

environment must focus mainly on activities outside 

the school classroom, in authentic learning 

environments (knowledge). 

40.1 47.8 6.4 5.1 0.6 

Β16 

During the teaching of concepts of living things, I 

organize activities outside the school classroom 

(attitude). 

24.4 49.4 16.0 9.0 1.3 

Β17 

I would like to use innovative activities while 

teaching concepts of living things (outside school 

classroom, interaction between nature and society), but 

I do not know how to design and organize them 

(attitude). 

26.1 49.0 13.7 7.8 3.3 

Β21 

My training in the concepts of living things is 

adequate to teach the relevant issues correctly 

(knowledge). 

21.2 50.4 13.9 13.1 1.5 

Β22 
I would like to be further trained in teaching concepts 

of living things (attitude). 
51.4 34.1 8.7 1.4 4.3 

Β23 
My further training in teaching concepts of living 

things is necessary (behavior). 
49.3 29.7 13.8 2.2 5.1 

 

For the teaching of concepts of living things, we have found that the teachers of our sample 

evaluate positively the teaching of living things in elementary school and recognize its 

necessity. In the same time though, 1 in 3 teachers agrees with the statement that the 

teaching of concepts of living things cannot be successful, because they are difficult for the 

children’s mental development stage. The rest 2 in 3 teachers disagreed with this 

statement, with the 30.3% stating ʺdisagreeʺ and the 31.6% stating ʺstrongly disagreeʺ. 

After our investigation about teacher's beliefs and their needs for further training, took 

place the training program by using Moodle platform. The online course lasted one month 
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and was comprised of six modules, typically on a five-day schedule. The course modules 

covered a range of in-depth topics that are related to the teaching of living things, as Life 

around us, Develop skills and attitudes about life around us, Teacher and social interaction, 

and Didactical teaching scenario about teaching living things. All modules were developed 

in response to the demand for improving the communication skills and promoting the 

group work and so teachers had to work in groups of four to five members in order to 

achieve the aims of the program. The teachers actively participated in many different 

actions regarding the above concepts and communicated among them in a number of ways: 

via email, forums, online chat, or group discussion. Every member of the group had to 

discuss and participate in its group forum and co-operate as the training course was in 

progress. At the same time, all the participating teachers were able to follow the other 

group forums and interact with them. This process encouraged everyone's contribution and 

the production of program' outcomes as a result of group work.  

 

D) Prospective teachers’ curricula in optics 

The last project of our research group expands to the training of prospective teachers and 

its main purpose is to educate them further in concepts of light and optics, enabling them to 

design and develop innovative activities, teaching materials and tools. From a previous 

research that we conducted with in-service teachers, we discovered that they present 

serious misconceptions about various everyday phenomena, associating with light 

(creation of the rainbow, photosynthesis, the image of a pencil that seems to be broken).  

Our research consists of two phases: a) a series of laboratory lessons in optics where we try 

to find out the students’ existing knowledge and interests in order to organize the next 

phase based on their misconceptions and choices. The students are divided in small groups, 

experiment with a series of materials and discuss their findings, b) distance learning 

methods, where the student attends an e-lesson in Second Life, a 3D online virtual world. 

A virtual amphitheater has been built for the students to participate, that simulates a real 

university environment, and various e-activities have been organized. 

 

 

DISCUSSION AND CONCLUSION 

In the researches presented, it seems that CHAT can become a strong methodological tool 

in teaching Science Education. The transformation of the traditional learning environment 

is not easy and faces the lack of adequate training in the nature of learning, which limits 

the development of knowledge inside the school classroom. 

In the first research the teacher tries to use the methodology of the expansive learning and 

to design activities in teaching Sciences. The presentation of the teaching material in 

separate screens for every phase of the expansive learning assisted in distinguishing them 

and the students moved from phase to phase, especially after the second teaching, 

autonomously and very effectively. It must also be noted that the teacher observed that 

students who did not participate in subjects being taught traditionally, moved from phase 

to phase quickly and effectively. The teacher did not face serious problems during the 

teaching, which evolved smoothly in every phase. The students collaborated impressively 

from the first moment and used both the computer screen and the real materials with 

remarkable ease regarding the collaboration among them. The inconsistencies presented 

with contradictions between their previous knowledge and the facts or questions that 

existed in the activities (e.g. is there a relation between magnetism and electricity?) These 
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contradictions, with the teachers’ assistance, led to the formation of the object and the 

better accomplishment of the learning purpose (Bottino et al., 1999). The contradictions 

include the possibility of changing the students’ opinions and consist important issues in 

the process of the collective learning. 

In the second research, most students and most pupils managed to correspond successfully 

in the different learning environments and presented an improvement in their performances 

and their ability to use multiple sources of information.  

The study based on Engeström’s model (Engeström, 1999) for the Activity Theory focuses 

on the use and the efficacy of the tools, relating with the social – cultural and 

psychological aspects of the tools. This process emphasizes on the importance of the 

cultural behavior of the tool, being supported by the analysis of human activities with the 

use of tools. The modern learning environments constitute multicultural learning 

communities, in which the children are asked to work effectively within different groups – 

learning communities.  

Considering the results of the fourth research, ‘Supporting tools and a teacher education 

curriculum for living things’, it seems that the teachers’ attitudes towards teaching 

Sciences are positive. However, regarding the organization and the design of activities in 

teaching Sciences, their answers designate concerns for their self –confidence. The 

majority of the teachers expressed a desire for further training in concepts of teaching 

Sciences, considering it to be necessary. The theoretical context of CHAT can assist 

effectively in this area, since it places the teacher in the center of the teaching and faces the 

school classroom as a learning community, where different interactions take place. 

In the context of the innovative program, inquiring environment are being organized both 

in the Science Education laboratory of the university and the school classrooms, where the 

program is implemented, structuring learning communities (researchers, students, teachers 

pupils). The researcher participates in the program of the school classrooms, in order to 

meet the teachers and pupils participating in the research and to gradually become part of 

the learning community. By participating in the program, he will receive information about 

the socio – cultural background of the participants, which will be useful in the 

implementation of the innovative program. In this point the methodology of the third 

generation of CHAT may seem effective. 

Implementation of our proposals so far reveals that CHAT is a coherent theoretical 

framework in order to reform Science Education and develop a new mentality for 

designing and implementing innovative curricula in Science Education. The decision to 

use CHAT as a tool and an evaluative framework was taken because it provides a 

mechanism to explore multiple roles and functions within a dynamic social and 

educational process. This research has helped us to identify some of the major internal and 

external factors that lead to success of the challenges that arose. Key features suggestive of 

cultural success are to increase the participation of those groups, and provide opportunities 

to interact within them. Harry Daniels emphasizes the critical responsibility of an 

organization to create the conditions to support individual learning. As noted, the way we 

react as professionals depends very much on whether the workspace provides the 

necessary conditions (Daniels 2004). This research has helped us to understand the real 

needs and expectations of our students in a modern and ever-changing learning 

environment, as well as the needs of modern pre-service and in-service teachers. 

Moreover, this process has encouraged us to create new methodological tools based on 

students’ and teachers’ needs. Within the CHAT framework, tools from the history and 

philosophy of science as well as epistemological and pedagogical rules, limits, and 

principles mediate the subject–object interactions and create culture, which in turn 

becomes structure (Plakitsi, 2013). 
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Abstract: Inquiry-based learning environments have the potential to deal with the 

diverse learning needs of students surfacing also in science classrooms. As inquiry-

based science education facilitates the engagement of students across the ability 

range, it is often recommended by experts in science education. Despite this 

widespread acceptance among researchers, however, this approach does not feature 

extensively in many school curricula and science classrooms. Suitable inquiry-based 

learning environments have to be designed and successively implemented in science 

classrooms according to the students’ individual needs to welcome their diversity. 

Accompanying research is needed to determine the conditions that are conducive and 

relevant for successful implementation of inquiry-based learning environments in 

diverse science classrooms. We have decided to take a closer look at this question at 

classroom level to be highly detailed about the conditions surfacing in a diverse 

science classroom. A case study has thus been carried out with a group of ninth-grade 

urban business school students to observe and analyze the challenges to be dealt with 

in a diverse class when implementing inquiry-based learning. Besides video and audio 

recordings, field notes and interviews, the questionnaire “Views on Scientific Inquiry” 

(VOSI) as well as questionnaires concerning academic self-concept and attitude 

towards science were used. In addition, the students’ task sheets enrich the dense 

picture we have gained of the inquiry-based work done in this diverse class. The 

results of the case study show specifically how important it is for a teacher to know 

the students’ individual learning needs and how to scaffold the inquiry-based learning 

tasks in relation to the students’ language and attainment levels. Student diversity will 

be illustrated in detail by the empirical data and it will be shown how the teachers 

welcomed their diverse needs with inquiry-based learning environments. 

Keywords: inquiry-based science education, diversity, case study 

 

RATIONALE 

Induced by general policy documents, e.g. the Salamanca Statement and Framework 

for Special Needs Education (1994) and the UN Convention on Rights of Persons 

with Disabilities (2006), international demand for dealing with diversity in schools 

and for inclusive learning environments is high. As globalization prompts migration 

and demographic changes to national populations, diagnosing and dealing with 

students’ diverse needs is considered one of the biggest challenges in many European 

schools (Meijer, 2010). In this context, “diversity” not only means differences in 

mental and physical ability, but also differences in gender, ethnicity/nationality, age, 

sexual orientation and religion (Krell, Riedmüller, Sieben, & Vinz, 2007). Teachers 

are required to address these differences in each subject as they impact students’ 

motivation, achievement, interest, ways of learning they are used to, prior knowledge 

they bring to class, and language skills (Bohl, Bönsch, Trautmann, & Wischer, 2012). 

To support all students as best as possible a stance of welcoming diversity is needed. 

A paradigm shift is demanded from an integrative to an inclusive system where 
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difference is seen as a resource for learning rather than a problem, where strength are 

focused rather than weaknesses and where resources are provided systemically and 

not individually (Sliwka, 2010).  

Also in science education, expert recommendations – primarily the so-called Rocard 

Report (European Commission, 2007) – focus inter alia on learning environments that 

facilitate student engagement across the ability range. The report especially assigns 

inquiry-based learning (IBL) environments the potential to deal with students’ diverse 

learning needs. This assignment can be supported by various empirical studies 

comparing constructed versus instructed learning in diverse classrooms (e.g. Bay, 

Staver, Bryan, & Hale, 1992; Lee, Buxton, Lewis, & LeRoy, 2006). But “although the 

science education community recognizes inquiry as a centerpiece of science teaching 

and learning, many teachers are still striving to build a shared understanding of what 

science as inquiry means, and at the more practical level, what it looks like in the 

classroom” (Luft, Bell, & Gess-Newsome, 2008, p. vii). This common ground fully 

comes to fruition when teachers are asked to implement IBL addressing the diverse 

needs of their students. 

To meet the described challenges, in addition to comparing learning environments on 

a larger scale, science education research has to provide detailed insight into which 

conditions facilitate successful implementation of IBL in a diverse science class. 

Thus, a closer relation between research results and classroom practice shall be 

achieved, which would help teachers to design and conduct IBL environments that 

welcome their students’ diversity. We have taken on this task for our case study. 

 

RESEARCH DESIGN 

The study at hand can be classified as a case study (Yin, 2009). The “individual unit” 

(Flyvbjerg, 2011) is a ninth-grade chemistry class at an urban business school (31 

students taught by two chemistry teachers) which was accompanied by researchers for 

one school-year. To implement IBL the laboratory class was chosen by the teachers, 

which took place for 150 minutes every three weeks. 

The core of implementing IBL is its successive introduction, which “should gradually 

and systematically move from Level ‘0’ activities with the ultimate goal being some 

level ‘3’ activities” (Lederman, Southerland, & Akerson, 2008, p. 35). The higher the 

level of IBL, the higher is the level of student responsibility and autonomy (Table 1). 

Table 1 

The levels of IBL (Blanchard et al., 2010) 

 Source of the 

question 

Data collection 

methods 

Interpretation of 

results 

Level 0: 

Verification 
Given by teacher Given by teacher Given by teacher 

Level 1: 

Structured 
Given by teacher Given by teacher Open to student 

Level 2: 

Guided 
Given by teacher Open to student Open to student 

Level 3: 

Open 
Open to student Open to student Open to student 
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The objective of the laboratory classes was to introduce IBL successively starting 

with level 0 orienting the activities to the prior skills of the students. It was aimed to 

reach level 3 halfway through the academic year. Afterwards the levels of the tasks 

varied depending on the goals to be achieved. 

The research questions of the case study complemented by the relevant data sources 

and expected outcomes are outlined in Table 2. 

 

Table 2  

Research design 

Research questions Data sources Expected outcomes 

1a) What are the learning 

needs and subject-specific 

prerequisites of the class? 

 

1b) Which individual 

learning needs and 

subject-specific 

prerequisites are striking? 

 Video and audio 

recordings, 

 participant observation, 

 teacher interview, 

 questionnaire concerning 

demographic data and 

academic self-concept 

(Dickhäuser, Schöne, 

Spinath, & Stiensmeier-

Pelster, 2002), 

 VOSI plus student 

interviews (Schwartz, 

Lederman, & Lederman, 

2008), 

 questionnaire concerning 

views on science 

(OECD, 2006), 

 class register 

Diverse learning needs and 

subject-specific 

prerequisites on both 

classroom and individual 

levels by “thick 

description” method 

(Geertz, 2011) 

 

 

 

 

System of categories by 

structuring the answers on 

the development scale 

“naïve” – “transitional” – 

“informed” and “no 

answer” (Schwartz et al., 

2008)   

2) How do the teachers 

consider the learners’ 

needs while conducting 

IBL? 

 Video and audio 

recordings, 

 participant observation, 

 task sheets, 

 teacher interview 

Conducive and obstructive 

conditions for the 

implementation of IBL in a 

diverse science class by 

inductive coding (Mayring, 

2007) 

 

FINDINGS  

To achieve a “thick description” (Geertz, 2011) of the learning needs and subject-

specific prerequisites of the class (ad research question 1a), we mainly used the video 

and audio recordings, participant observation protocols, the class register and 

questionnaires as a database (see table 2). The following table provides some insights 

into the most striking diversity dimensions found in this class. 
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Table 3  

Class description (extract) 

Class description  

Number of students 31, 7 drop out during school year, 5 female and 2 male 

students 

Gender 20 female and 11 male students; some issues concerning 

gender maybe due to cultural reasons 

Language 14 different mother tongues; the Serbo-Croatian language 

group is mainly represented in this class; when working in 

small groups students choose partners in accordance with sex 

and language 

Migration 28 out of 31 students have a migration background 

Age The age distribution comes to three years and one month; at 

the beginning of the school year the youngest student was 13 

years and eleven month; consequently, the developmental 

stages differ immensely 

Social background Overall low 

Class climate fickle, depends on form of the day; teachers have to be 

careful with mental overload, students are motivated as long 

as they do not feel overchallenged; some students’ frustration 

with their school careers thus far is highly noticeable in 

various behavioral disorders 

Skills needed for 

inquiry-based learning 

performance level, commitment, and working speed are 

highly diverse; lab journal shows different linguistic 

prerequisites; a lack of reading competences means that tasks 

are often not understood; it is difficult for the students to 

state hypotheses and to plan experiments; they can conduct 

experiments, but drawing conclusions is hard; using 

theoretical concepts during practical work is a challenge for 

many students 

IQ In dependence of age: 101 (average), range from 66 to 124, 

tested with the CFT-R with 18 out of 31 students 

Academic self-

concept 

Mean value 3.60 on a 5-Likert-scale (22/31 students), range 

from 1.20 to 5.00 (Dickhäuser et al., 2002) 

Views on Science 

questionnaire  

Enjoyment of science (JOYSCI) 2.61, General value of 

science (GENSCI) 2.87, Science activities (SCIACT) 1.70, 

Interest in science learning (INTSCI) 2.47 (PISA 

questionnaire 22/31 students; 4-Likert-scale, 4: agreement, 1: 

disagreement) 

 

To get a deeper insight into the students’ views on scientific inquiry the VOSI 

(Schwartz et al., 2008) was conducted at the beginning and at the end of the school 

year. Only 16 students who filled out the first VOSI questionnaire also completed the 

second one. Thus a comparison between the first and second questionnaire is only 

possible for them (Figure 1). Deductive categories used for the structured analysis 

(Mayring, 2007) are also drawn from Schwartz et al. (2008). 
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Figure 1. Comparison between the first and the second VOSI questionnaire 

 

The development of the answers can be seen as positive by tendency: at the end of the 

school year the students tend to give more (elaborate) answers. But the figure 1 also 

shows a very diverse picture. Thus, we decided to have a closer look on individual 

students (ad research question 1b: Which individual learning needs and subject-

specific prerequisites are striking?). The same database was used. Exemplarily, we 

chose Dana
1
 to be introduced here and to better understand the diverse picture we won 

of the class. 

At the beginning of the school year Dana was 14 years and one month old. Her 

Nationality is Austria and her mother tongue is Serbian. Her IQ analyzed with the 

CFT-R is 102 which can be considered as an average value depending on her age. Her 

academic self-concept test (Dickhäuser et al., 2002) shows a mean value of 4.4 on a 5-

Likert-scale. In the questionnaire she agrees, for example, to know much in chemistry 

and that many tasks are easy for her to solve. However, the Views on Science 

questionnaire (4-Likert-scale; 4: agreement) does surprisingly not support this 

positive image of science learning: 

 Enjoyment of science (JOYSCI): 2,6 

 General value of science (GENSCI): 3,2 

 Science activities (SCIACT): 1,7 

 Interest in science learning (INTSCI): 2,5. 

 

To understand the results of the standardized instruments the results of the analysis of 

the observational data were added. Her participation in classroom can be described as 

follows: On the one hand, Dana talks private stuff most of the time, she seems to sleep 

in the lab class from time to time or she plays with her phone. On the other hand, she 

asks well-conceived questions, discusses a lot of the scientific tasks with her 

classmates as well as with the teachers and provides ideas for problem solving. Thus, 
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there seems to be no direct connection between her interest in the subject, her self-

concept and her engagement in laboratory work. 

If we look on the results of her VOSI questionnaire there appears to be no change 

according to the coding manual (Table 4). The answers in the pre-test which was 

conducted in September were coded on the same level as the answers in the post-test 

in the following June after one school year. 

 

Table 4  

Dana’s results of the VOSI questionnaire 

Categories Pre Post 

Multiple methods Transitional Transitional 

Multiple purposes Transitional Transitional 

Justification Informed Informed 

Data evidence Transitional Transitional 

 

However, this was not in line with the researcher’s observation. Therefore, we had a 

closer look on Dana’s utterances to single questions in the VOSI illustrated here by 

two examples: 

What types of activities do scientists (e.g., biologists, chemists, physicists, earth 

scientists) do to learn about the natural world? Discuss how scientists do their work. 

Dana’s answer in pre-test (September) 

“They make graphics, inquire, read something about the things they want to explain 

further. They write down everything they know and try to draw conclusions.“ 

Dana’s answer in post-test (following June) 

“They observe, analyze with the data they collected and they inquire. They describe / 

explain it, draw conclusions and give reasons for the results.” 

Both answers were coded on a transitional level with the category multiple methods. 

The coding rule
2
 to apply this category is that two methods are mentioned at 

minimum without further explanation. This is given in both statements (pre and post). 

However, as highlighted in the answer above Dana uses much more scientifically 

appropriate vocabulary in the post-test. This is not captured by the category system. 

The second example also shows a development into a more mature view on scientific 

inquiry although the answers could not be coded. There is no category matching 

Dana’s answer. 

Do you consider this person’s investigation
3
 to be scientific? Explain your answer. 

Dana’s answer in pre-test (September) 

“Not really, because the beak of the birds is adapted to the way of living and eating 

behavior. […] That’s logic thinking.“ 

Dana’s answer in post-test (following June) 
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“No, this person could easily figure that out if he/she would investigate thoroughly 

because that is not a novelty.” 

To sum up, Dana shows a very good academic performance in the laboratory which 

she estimates appropriately according to the self-concept test. From time to time she 

seems to be bored or unchallenged which is compensated with systemically 

inappropriate behavior.  

Interesting to see is how the teachers react to the diversity in the classroom and to 

individual students (ad research question 2, see table 2). With Dana the teachers 

decided to treat her as very mature. Instead of admonishing her for being inattentive 

they leave her alone in these moments and try to encourage her or reinforce her when 

she gets involved in a task.  

Furthermore, the teachers deliberately decide which inquiry level is appropriate 

according to the skills of the students (see table 1). At the end of the school year some 

students could work on their own research questions (open inquiry) while others 

received more support and input so that for them the task could not be classified as an 

open inquiry but as guided inquiry. Additionally, the teachers feel responsible for 

enhancing language skills also in science classes and try to consider the language 

level of the students in their tasks. They vary the length of sentences and words, the 

difficulty of vocabulary and they use appropriate grammar structures. They also try to 

increase language abilities by applying certain exercises when they realize difficulties. 

For example, the students had to practice the differences between difficult and heavy 

which sound very similar in German (schwierig vs. schwer) and the difference 

between to solve and to melt. The exercises are visualized very often (figure 2): 

 

Figure 2. Visualization of an exercise 

 

IMPLICATIONS AND CONCLUSIONS 

The study has certain limitations. The most important to be named is the low number 

of students with whom the questionnaires were conducted. Nevertheless, the variation 

of the answers in all questionnaires used shows how important it is to look closer at 

the results qualitatively if possible and on an individual level. Sometimes the test 

results even hindered us to see the individual development and the strengths of each 

student. 

We conclude that in highly diverse classrooms results of standardized instruments 

should be treated with even more caution. It has to be considered that the high 

to melt chocolate 

to solve KMnO4  
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diversity does not only impact teaching practices but also education research 

approaches. This study could be a contribution to reduce the gap between research 

and practice as the teachers in our case can use our thick descriptions of the students 

pre-conditions to adapt and reflect their teaching practices. 

 

NOTES 

1. Name was changed. 

2. The coding rules were created by the second author to achieve a selective category 

system. 

3. The investigation is about the connection of birds eating certain food and the shape 

of their beaks. 
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Abstract: This study focused on comparing science teachers’ qualifications and practices 

between Saudi Arabia and Singapore. Data analysed in this study were the responses of science 

teachers to the Teacher Background Questionnaire-8th Grade from the Trend in International 

Mathematics and Science Study (TIMSS) in 2007. The Saudi sample consisted of 175 science 

teachers while the Singapore sample consisted of 377 teachers.  This research is designed as 

causal comparative research in which attempts will be made to determine the cause or reason for 

the existing differences in the achievement of the students of the two participating countries.  

The comparison between two countries reveals that there were significant differences in 

teachers’ preparation for teaching science topics (Biology, Chemistry, Physics, and Earth 

science), teachers’ license, teaching experience, professional development programs, and 

teaching practices.  

Keywords: 8th grade, achievement, science, teachers’ practices, teachers’ qualifications, TIMSS 

 

INTRODUCTION 

In 2007, The Kingdom Saudi Arabia joined 57 other countries and participated in the Trends in 

International Mathematics and Science Study (TIMSS 2007). This internationally comparative 

assessment conducted under the auspices of the International Association for the Evaluation of 

Educational Achievement (IEA) is designed to contribute to improving teaching and learning in 

mathematics and science for students around the world through evidence-based findings to 

inform educational policy and highlight similarities and differences between countries so that 

participating countries can learn from each other in relation to quantity and quality of student 

learning.   

It is obvious that teachers have eventually become the focus of TIMSS and placing more 

emphasis on their roles and responsibilities in achieving these three dimensions. In fact, teachers 

constituted an important dimension in TIMSS studies. This was evident in the amount of data 

collected in TIMSS via the “Teacher Questionnaire” which examined a variety of issues related 

to curriculum implementation and opportunities provided for student learning such as 

qualifications, pedagogical practices, assessment and assignment of homework, and classroom 

climate. 

 

THE LITERATURE REVIEW 

There is growing research based evidence that schools can make a great difference of student 

achievement. There is also a growing body of evidence based research that suggests that a 

substantial part of that difference is attributed to teachers (Darling-Hammond, 2000). Students 

are taught by effective teachers consistently showed better educational gains than those who are 
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taught by less effective teachers (Brophy, 2001). Which factors that contributes to teacher 

effectiveness, however, has been a subject of debate among researchers. Nevertheless, teacher 

background characteristics were found to be related to and influence the way teachers facilitate 

student learning.  

On the other hand, recent research studies dealing with teacher effectiveness contended that 

teachers vary in their contribution to student academic development according to various 

variables such as teachers’ academic and professional background as well as their classroom 

practices. Recent studies conducted by Goe (2007), and Goe and Stickler (2008) revealed 

contradictory results in relation to how teachers effectiveness relate to student academic 

achievement. Goe and Stickler, in their synthesis focused on four categories of teachers’ 

background variables, namely teachers’ qualifications, characteristics, practices and 

effectiveness. These variables captured the primary concern of TIMSS 2007, the focus of this 

study. These variables are also of high concern among countries such as Saudi Arabia and 

Singapore and often closely linked to recruitment and retention of teachers. Other studies such 

as those of Aaronson, Barrow, and Sanders (2003), and Nye, Konstantopoulos, & Hedges (2004) 

suggested those teachers’ background variables such as those mentioned in Goe (2007); Goe and 

Stickler (2008) are associated with higher student achievement.   

Saudi Arabia is one of the countries that have invested heavily in education to maintain the 

country’s future development and prosperity. Yet in  TIMSS 2007 study, the average score of 

Saudi Arabia’s grade 8 science sample was 403 well below the international average and below 

most of the countries that may have similar economic and cultural context. Furthermore the 

country is currently experiencing a hot debate on educational issues related to the quality of 

teaching and learning process as a result of this ranking in TIMSS findings. Recent studies that 

conducted secondary analyses of mathematics achievement of Saudi Arabia sample (Dodeen, 

Abdelfattah, Shumrani, & Abu Hilal, 2012) and Saudi Arabia science teachers’ assessment 

practice, Al-bursan and Tighezza (2013) suggested that there is a need to look carefully into the 

teaching practices as well as teacher related variables so that meaningful conclusions can be 

formulated and consequently plans to improve student achievement can be developed. Dodeen 

et al., (2012) found that compare to other Taiwanese mathematics teachers, the Saud Arabia 

teachers showed significant differences in most of the variables compared related to 

qualifications, professional development activities, and teaching practices. Similarly Al-bursan 

and Tighezza found almost similar significant differences between the science teachers in Saudi 

Arabia and those in South Korea when it comes to assessment practices with the Korean using 

more differentiated methods than the Saudi teachers.  

It is intended in this study to conduct secondary analyses of the data collected from the Kingdom 

of Saudi Arabia participating Grade 8 science teachers and their students and compare these data 

with the data collected from Singapore, a country whose students produced the highest average 

score in the science achievement test (567) compared with the rest of the participated countries. 

This comparison will inform policy makers in the Kingdom as to the future directions needed to 

take science curricula and the teaching learning processes into positive direction. 

 

Research focus 

The purpose of this secondary analysis study was to investigate similarities and differences of 

Saudi Arabia and Singapore science teachers’ experience, and teaching learning practices as 

measured by TIMSS’s teacher questionnaire. In particular, we intended to:  

(1) determine the relationships of Saudi Arabia and Singapore science teachers’ qualifications, 

experience, and teaching learning related variables and their student performance as 

measured by TIMSS 2007 scores; and 
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(2) Identify factors that contributed to high and low achievement of science students in the two 

countries. 

 

METHODOLOGY 

General background of research 

TIMSS was first conducted in 1995 and has been in operation since then every four years. The 

main purpose of TIMSS is to assess the quality of the teaching and learning of mathematics and 

science among Grades 4 and 8 students across participating countries, and thereby provide 

educational educators and policy makers with reliable and timely data to enhance education 

outcomes of the participating countries (Martin, et al., 2003). The TIMSS 2007 assessment 

contained a questionnaire designed to be answered by teachers and consisting of 31 questions 

covering various background and professional characteristics.  

The Kingdom of Saudi Arabia joined the TIMSS studies in 2007 whereby Singapore has joined 

the TIMSS studies in 1995. Both countries joined the TIMSS studies at both the 4
th

 and the 8
th

 

grades. The Kingdom of Saudi Arabia has shares with Singapore some commonalities- the 

economic affluence and the modern educational infra structures, resources, and funding. Yet 

there are noticeable differences between the two countries such as cultural differences, language 

of instruction, and teacher training and supply. The Kingdom of Saudi Arabia has mostly a 

uniform culture (Arabic and Islamic culture) and uses Arabic as a language of instruction and 

about 90% locally trained teachers with small percentage of expatriates, whereas Singapore 

consists of more than one cultural and ethnic groups with noticeably Chinese, Malay, and Indian 

cultures dominating the culture. In Singapore English is used widely as a medium of instruction 

and teachers were locally trained.  

 

Sample  

The sample of this study consisted of all grade 8 science teachers who participated in TIMSS 

2007 in the Kingdom of Saudi Arabia and Singapore. The Saudi sample consisted of 175 

teachers teaching 4710 students in Grade 8 within 163 schools while that of Singapore was 377 

teachers with 3584 students within 164 schools. 49% of the Saudi sample were females, 51% 

were males. The Singaporean sample consisted of 64% females, 36% were males. Needless to 

say that the Singaporean sample although it was reported as made of 377 teachers, the actual 

record showed that 52 teachers have had more than one record resulting from entering data for 

more than one class. As such the total number recorded for the sample was 429 instead of the 

actual 377.  

 

Instrument, procedures, and data analysis 

The study employed causal comparative approach in which attempts were made to determine the 

cause or reason for the existing differences in the achievement of the students of the two 

participating countries. Causal comparative research approach is useful when the groups (Saudi 

Arabian and Singaporean students) are already different in some variables (achievement) and the 

researcher attempts to the major factors that have led to these differences (Gay, Mills, and 

Airasian, 2009). The variables to be analysed were investigated by TIMSS and have already 

been known to be associated with science achievement (Darling-Hammond, 2000; Wayne & 

Youngs, 2003) such as teachers’ academic preparation, their highest level of education, their 

perceptions and feelings of readiness to teach science subjects, and their participation in 

professional development activities. Information on validity and reliability of “Teacher 
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Questionnaire” instrument have already been furnished by TIMSS during development as well 

as other secondary analysis studies (Dodeen et al., 2012) 

To answer the study questions data pertaining to teacher questionnaire were examined, analysed 

and compared. Frequencies for each category within each variable assessed by the questionnaire 

were calculated. The significant of these frequencies were tested by using a Chi-square (χ²) test.  

  

RESULTS 

Comparison of teachers’ background characteristics: Qualifications, 

experiences and teaching practices 

Data presented in Table 1 suggests that Saudi Arabia and Singapore teachers had comparable 

teaching experience judging by the similarity of the average mean score of teaching experience. 

However, differences emerged with regard to the gender of science teachers at Grade 8 with 

more female teachers found in the Singapore sample than male teachers and comparable gender 

percentage in the Saudi sample.  

 

Table 1 

Teacher background characteristics  

Characteristic Saudi Singapore 

Male 51% 36% 

Female 49% 64% 

Average of teaching  experience 10.2 year 10.0 year 

Teaching certificate 71.% 96.4% 

Teachers holding first degree 97.1% 86.6% 

Teachers holding higher degree 0.6% 6.8% 

 

With regard to teacher qualifications, The Singapore sample showed most teachers (96.4%) 

were certified and licensed teachers compared to (71.2%) of the Saud sample. The difference in 

certification is obviously in favour of the Singapore sample with clear emphasis on certification 

whereas in Saudi, to date there is no clear policy on teachers’ licensure. Instead the emphasis 

was heavily placed on obtaining a university degree on education and related subjects. 

Furthermore, Table 1 suggests that the Singapore sample included more teachers with higher 

degree (6.8%) compared to that found in the Saudi sample (0.6%).    

Findings showed that in Saudi sample more teachers were specialized in biology (48%) 

followed by chemistry (29.3%) some remarkable differences between the Saudi and the 

Singaporean samples, with earth science and physics following with (17.9%) and (15.3%). The 

Singaporean sample showed that more teachers were majoring in chemistry followed by 

biology, physics and finally the earth science. These trends could very well reflect the 

curriculum emphasis on the two countries judged by the science topics emphasized by TIMSS 

and not studied in the two countries (Table 2). 
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Table 2 

Percentage of averages of science topics not yet taught in the two countries 

 

Subject 

 

Saudi Arabia 

 

Singapore 

 

Biology 

 

21.01 

 

47.73 

 

Chemistry  

 

66.83 

 

33.48 

 

Physics 

 

42.74 

 

35.95 

 

Earth Science  

 

36.54 

 

84.04 

 

How well science teachers in the two countries prepared to teach science at 

grade 8? 

Tables 3, 4, 5, and 6 present findings related to self-perceived preparedness to teach the science 

related subjects. The sample in both countries was asked to indicate how well they feel prepared 

to teach these subjects. Findings presented in Table 3 suggest that in general the Saudi sample 

felt better prepared to teach topics related to biology than the Singaporean sample. The  

Saudi samples saw themselves were very well prepared than their Singaporean counterparts. In 

fact the expressed value of preparedness ranged from (57.1% to 80.8%) for the Saudi teachers 

and only from (23.6% to 49.4%) for the Singaporean teachers. Table 3 showed that the overall 

average for preparedness regarding biological topics was fond to be (67.4%) for Saudi sample 

compared to (37.2%) for Singaporean sample.  

 

Table 3 

Percentage of teachers’ level of preparation for teaching biology 

Topic Saudi Arabia Singapore 

 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

 

Major organs and organ 

systems…  

77.2 21.6 0.6 42.3 29.7 12.3 

Cells & their 

functions…  

80.8 16.3 1.7 49.4 23.8 11.3 

Reproduction (sexual an 

asexual) and heredity… 

62.6 29.8 4.7 42.0 31.0 10.6 

Role of variation and 

adaptation… 

57.1 33.5 2.5 31.3 30.8 17.7 

Interaction of living 

organisms and the 

physical environment… 

72.0 24.4 1.2 41.2 29.9 10.6 

Trends in human 

population & its effects 

on the environment 

57.4 36.1 3.6 23.6 35.4 18.2 

Impact of natural 

hazards… 

64.7 27.6 4.1 30.9 33.6 14.0 

Average  67.4 24.0 2.6 37.2 30.6 13.5 
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In order to statistically ascertain whether preparation of teachers was similar in both countries, a 

Chi-square (χ²) test was conducted using the average percentages of teachers in the three 

preparation levels. The result was statistically significant, (χ² (2, 308) = 27.9; P 0.01). This 

means that, on average, the express confidence of preparedness of teachers of biology is 

different in both countries favouring Saudi Arabia teachers.  

Table 4 presents findings related to how well the teachers in the two countries prepared to teach 

chemistry. The overall average of preparedness was clearly higher for Singapore teachers than 

that of Saudi sample (65.9% compared to 51.9%).  There were clear differences in favour of 

Singaporean teachers related to the topics “Particulate Structure of matter”, “Solutions’, and 

“Properties & uses of acids and bases” whereby the differences were clearly significant (71.1%, 

67.2%, and 66.2% for Singapore and 62.4%, 52.4%, and 27.2% for Saudi respectively). With 

regard to the topic “Properties & uses of acids and bases”, (19.1%) of the Saudi sample 

indicated that they were not well prepared to teach this topic.  

In order to statistically ascertain whether preparation of teachers was similar in both countries, a 

Chi-square (χ²) test was conducted using the average percentages of teachers in the three 

preparation levels. The result was statistically significant, (χ² (2, 500) = 14.9; P 0.01). 

This means that, on average, the level of preparation of teachers in chemistry is different in both 

countries with higher preparedness shown by the Singaporean teachers. 

The average of how well teachers in the two countries continued to increase in favour of 

Singapore teachers with regard to the physics topics. As shown in Table 5, that only (45.3%) of 

Saudi sample compared to (56.2%) of the Singapore sample who expressed that they were very 

well prepared to teach physics topics. Topics such as “Electric circuits”, “Properties of 

permanent magnets and electromagnets, ”, and “Forces and motion” proved to be high concern 

proved to be of high concern to the Saud teacher as only few teachers who felt very well 

prepared to teach these topics.   

 

Table 4 

Percentage of teachers’ level of preparation for teaching chemistry 

 

 

Topic 

 

Saudi Arabia 

 

Singapore 

 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

 

Classification and 

compositions of 

matters… 

60.0 26.5 5.9 68.4 17.0 4.4 

Particulate Structure 

of matter… 

62.4 27.6 5.3 71.1 14.6 4.4 

Solutions (solvent, 

solute,  …) 

52.4 31.3 9.6 67.2 17.0 4.9 

Properties & uses of 

acids & bases 

27.2 38.3 19.1 66.2 17.5 5.4 

Chemical change 

(transformation of 

reactants, …) 

57.4 26.5 11.1 56.5 24.9 8.1 

Average 51.9 30.0 10.2 65.9 18.2 5.4 
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Table 5  

Percentage of teachers’ level of preparation for teaching physics 

 

 

Topic 

 

Saudi Arabia 

 

Singapore 

 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

Physical states and 

changes in 

matter… 

52.1 33.5 6.0 61.2 23.2 3.5 

Energy types, 

transformation, 

heat & temperature 

62.7 31.9 1.8 57.5 23.5 5.7 

Basic properties/ 

behaviors of 

light… 

54.2 32.7 4.8 57.3 23.0 7.2 

Electric circuits 

(flow of current, 

…) 

27.2 34.9 20.1 57.5 24.4 6.4 

Properties of 

permanent magnets 

& electromagnets 

37.0 33.3 15.8 49.1 26.9 11.1 

Forces and motion 

(types of forces, 

…) 

38.7 38.7 11.3 54.8 22.7 8.6 

Average 45.3 34.2 10.0 56.2 24.0 7.1 

 

In order to statistically ascertain whether preparation of teachers was similar in both countries, a 

Chi-square (χ²) test was conducted using the average percentages of teachers in the three 

preparation levels. The result was statistically significant, (χ² (2, 

means that, on average, the level of preparedness preparation of teachers of physics is different 

in both countries favouring Singapore teachers.  

Finally the earth science topics were found to be problematic for all participating teachers in 

both countries. Table 6 showed that teachers in both countries were not that confident in their 

preparation to teach earth science topics, with the Saudi sample felt more very well prepared 

than their Singaporean counterparts. The overall average was found to be (47.7%) for Saudi 

sample compared to only (10.2%) for the Singaporean sample. The topic of “Earth on the solar 

system & the universe” received the highest percentage from the Saudi sample who felt very 

well prepared to teach this topic. The topic of “Environmental concerns” received the highest 

percentage form the Singaporean sample. 

In order to statistically ascertain whether preparation of teachers was similar in both countries, a 

Chi-square (χ²) test was conducted using the average percentages of teachers in the three 

means that, on average, the level of preparedness of teachers in earth Science is different in both 

countries with a significant level of preparedness in favour of the Saudi sample. 

Comparison of teachers’ instructional practices in the two countries. 

TIMSS questionnaire collects information on instructional practices that, in addition to the 

traditional practices are closely linked to inquiry and student centred teaching such as making 

observations and describing what was seen, designing or planning experiments or investigations, 

conducting experiments or investigations, working together in small groups, and, relate what is 
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being learned in science to daily life. To place science teachers’ instructional practices in 

context of student achievement in the two countries. 

 

Table 6  

Percentage of teachers’’ level of preparation for teaching earth science 

 

 

Topic 

 

Saudi Arabia 

 

Singapore 

 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

Very well 

prepared 

Somewhat 

prepared 

Not well 

prepared 

Earth’s structure & 

physical features … 

49.1 38.5 4.7 2.5 14.0 27.5 

Earth’s  processes, cycles 

& history … 

35.9 42.5 10.2 2.0 14.8 27.8 

Environmental concerns 

… 

43.3 34.1 8.5 23.5 21.0 10.0 

Use & conservation of 

Earth’s natural resources 

… 

48.2 35.5 6.0 15.0 24.3 13.8 

Earth on the solar system 

& the universe … 

62.1 29.6 1.8 7.8 15.8 24.3 

Average 47.7 36.0 6.2 10.2 18.0 20.7 

 

Data analysis showed remarkable differences between the two countries. Teachers’ 

demonstration and domination of investigative activities were very common among Saudi 

sample. In addition, it showed that (46.4%) of the Saudi sample reported that they conduct 

experiments and make students watch them in every, or almost, every lesson compared to only 

(1%) among the Singapore sample. Other strategies that were found to be highly practiced by 

the Saudi teachers were having students to memorize facts and principles and providing students 

with explanations (50.9% and 46.7% respectively compared to 6.6% and 34.1% for the 

Singapore sample. In almost all behaviours associated with inquiry and student- centred 

teaching, the Singapore sample significantly showed these practices in some lesson more than 

the Saudi sample, it is an indication that could very well describe the Singapore teaching as 

inquiry oriented and student-centred teaching.  

 

Comparison of teachers’ participation in professional development 

Teachers were asked to indicate the frequency of their participation in professional development 

in specific areas of science teaching and learning. In order to examine the differences in 

participation of teachers in the two countries a frequency counts were calculated for each 

country and the χ² tests were performed to test any significant differences between the two 

countries. Table 7 showed that the participation in professional development was significantly 

higher for Singapore sample than their Saudi counterparts in all categories of professional 

development. 
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Table 7 

Percentage of teachers’ participating in professional development programs on the previous 

two years and it is significant 

 

Professional development topic 

 

Saudi 

Arabia 

 

Singapore 

 

Absolute 

Difference 

 

χ² 

 

P 

Science content 41.3 77.3 36.0 69.6 0.01 

Science Pedagogy/ instruction 43.0 85.5 42.5 69.3 0.01 

Science Curriculum 21.3 77.3 56.0 155.2 0.01 

Integrating information technology into 

science 

31.9 70.3 38.4 70.7 0.01 

Improving students’ critical thinking or 

inquiry skills 

41.6 71.7 30.1 46.3 0.01 

Science Assessment 29.2 64.0 34.8 58.4 0.01 

 

 

The Saudi sample reported that participations in professional development that can be described 

as low and ranging from (29.2% for participation in professional development activities related 

to science assessment to 43.0% on science pedagogy/ instruction). According to table 10, the 

Singapore sample reported highest participations in science pedagogy/ instruction(85.5%), 

science content, and science curriculum (77.3% each), professional development related to 

critical thinking or inquiry skills directed towards improving student thinking (71.7%), and 

science assessment (64.0%). The absolute differences ranged between (30.1% and 56%) in 

favour of the Singapore sample. The average absolute difference between the two countries in 

each category was found to be statistically significant at (P0.01).  

DISCUSSION 

Although findings related to teacher effectiveness research are difficult to conclusively interpret 

in the context of student achievement, it is now possible to identify those characteristics that 

could be linked to student achievement. We made an attempt in this study to identify the 

differences in teacher characteristics that could explain the differences in achievement between 

Saudi Arabia and Singapore. TIMSS findings showed that Grade 8 Singapore science students 

achieved significantly higher average score (567) compared to only an average score of (403) 

achieved by the Saudi Arabia Grade 8 students. Would it be these differences as a result of 

differences in teacher characteristics? Teachers are one of the factors that impact student 

learning, though their impact on student achievement has been debated frequently over the 

years. The debate is motivated by the fact that schools and teachers can indeed make a real 

difference in the student achievement. The results of this TIMSS secondary analysis suggest 

differences in teacher characteristic background, preparation, classroom practices, and 

professional development attended might have been responsible for the differences in student 

achievement in the two countries.  

In this study teacher gender was looked at as a factor that is difficult to discuss and compare 

whether it has a profound effect on student achievement, for the fact that in Saudi Arabia 

schools are completely segregated by gender at both student and teacher levels (single sex 

classrooms), and therefore comparing the impact of gender in the two countries may not be 

appropriate. Teacher certificate and education showed differences between the two countries. In 

fact teachers’ subject area certification is one of the teacher qualifications most consistently and 

positively associated with improved student achievement (Betts, Zau, & Rice, 2003; Cavalluzzo, 

2004; Carr, 2006), particularly those teachers who have had full certification status. Findings 

shows that more teachers from Singapore held or obtained educational certification and as such 
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it can be said they are more qualified than their counterparts in Saudi Arabia, and as such this 

may very well contribute to their positive impact on student achievement as suggested by 

Cavalluzzo (2004), Carr (2006), and Darling-Hammond (2000). On the other hand, in Saudi 

Arabia teacher certification is not a necessary or a required condition to join the teaching force 

and thereby teachers can easily join the profession as long as they have first degrees in school 

disciplines. This could very well explain the high percentage of teachers with first degree in 

Saudi Arabia sample. Although the Saudi Arabia sample showed that more teachers have held 

first degree, the superiority of Singapore sample in contributing to student achievement can be 

explained by the fact that more teachers are educationally certified than simply holding first 

degrees. With regard to the possession of advanced or higher degrees the findings contradict 

with Goe & Stickler (2008) who found that the majority of studied reviewed indicated no or 

minimum impact of teacher with advanced degrees on student achievement that could be 

neglected. Unlike the review of Betts et al. (2003) who reported a significant effect for teachers 

who held advanced degrees. Whatever the size of difference between Saudi Arabia and 

Singapore samples, the issue of educational certification and qualification should be given due 

attention for its contribution to student achievement (Dodeen, et al., 2012). 

 

Differences in the level of preparation to teach science at grade 8 

We looked at the preparation of teachers in the two countries and their perceptions of how well 

they felt prepared to teach scientific topics identified in TIMSS. Findings indicated significant 

differences between the two countries with higher percentages of Saudi Arabia teachers who felt 

very well prepared in Biology and Earth Science and higher percentages of Singapore teachers 

who felt very well prepared in Chemistry and Physics.  

Regard to biological topics, (67.4%) of the Saudi teachers felt that were very well prepared to 

teach biological topics compared to only (37.2%) of the Singapore teachers. These findings are 

consistent with how much biological topics been covered in Saudi Arabia compared to the 

Singapore curriculum. The fact that more biological topics were covered in the Saudi Arabia 

curriculum may point to an indication that more Saudi Arabia teachers might have better 

training in and certification in biology than those of Singapore. Nevertheless their impact on 

student achievement still remains below that of the Singapore sample.  

Findings related to the level of preparation for teaching Chemistry showed significant 

differences emerged between the two samples in favour of Singapore teachers. The majority of 

Chemistry teachers in Saudi Arabia felt that they were not very well prepared to teach 

Chemistry. In contrast the majority of Singapore teacher felt they were very well prepared to 

teach Chemistry, and as such they have better impact on student achievement. The same trends 

emerged in the Physics subject whereby only (45.3%) of the Saudi Arabia teachers felt that they 

were very well prepared compared to (56.2%) of the Singapore sample. Subject matter 

preparation is among the critical contributing factors to the achievement of students (Dodeen, et 

al., 2012; Goe, 2008; Hill, Rowan, & Ball, 2005; Wayne & Youngs, 2003).  In order to achieve 

the stated curriculum goals teachers need to have the right preparation of content and pedagogy 

so that they can impact the achievement of students. Needless to say those teachers in both 

countries have indicated low level of preparation with regard to the Earth Science topics. The 

fact that teachers of both countries were not prepared to teach Earth Science topics identified by 

TIMSS can be traced by to the curriculum emphasis in the two countries whereby Earth Science 

topics were only minimally covered in the curricula of the two countries (only 15.96% were 

covered in the curriculum in case of Singapore). 
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Differences in the science teaching practices 

Research studies dealing with science teachers’ instructional practices focused on the 

relationship between instructional quality used by teachers to interact and engage students in 

learning and student outcomes suggested that teachers indeed make a difference in the 

achievement of students (Anderson, 1997; Von Secker & Lissitz, 1999). Findings emerged from 

this secondary analysis suggested that most Saudi Arabia teachers did not use inquiry oriented 

practices. Instead they relied heavily most of the time on traditional practices such as helping 

students to memorize factual information and providing them with explanations and readymade 

experimentation in the form of teacher demonstration.  

In contrast, the Singapore sample seemed to use balance approaches to engage students more on 

inquiry oriented practices such as student experimentation whenever is needed. The value of 

active inquiry oriented learning has been well documented (Furtak, Seidel, Iverson, and Briggs, 

2012; Luft, 2001), and highly recommended by researchers as a desirable approach that 

influences student achievement. Professional agencies such as the National Research Council 

(NRC, 1996) suggested specific instructional practices related to how science should be taught. 

Most of these instructional practices are similar to those examined in the present TIMSS 

secondary analysis such as providing opportunities for students to conduct evidence based 

experiments, encouraging students to conduct further study to test and elaborate explanations, 

and emphasizing the importance of relating scientific knowledge to everyday life (NRC, 1996).  

The findings presented in this study in relation to teachers’ instructional practices indicated that 

at least from the point of view of science teachers in the Saudi Arabia, they appear to describe 

their science instruction in ways similar to those suggested by the NRC (1996) than their 

Singapore counterparts. Unfortunately, this was not evident in terms of student achievement and 

could not help keep them out of the bottom of the international ranking, especially, Saudi 

Students achievement on the applying and reasoning domains were very low, and most of 

students’ scores come from the knowing domain. It will be a challenge therefore for educators 

and policy makers in Saudi Arabia to help teachers adopt a balance approach to active learning 

and inquiry oriented practices that could really impact student achievement. 

 

Differences in professional development participation 

With regard to professional development, the findings indicated that the Singapore science 

teacher differed significantly in the amount of the professional development attended.  The 

majority of Saudi Arabia science teachers did not participate adequately in professional 

development activities compared with their Singapore counterparts. The value of participation in 

professional development programs for teachers has been well researched and documented for 

its positive effect on the professionalism and consequently the performance of teachers (Goe, 

2008; Luft, 2001; Rockoff, 2004; Wenglinsky, 2002). To increase student achievement, 

particularly, on the applying and reasoning domains, the challenge for schools and the Ministry 

of Education in Saudi Arabia therefore will be to plan and implement professional development 

activities that not only attract science teachers but contribute significantly to their instructional 

practices so that they adopt strategies and approaches similar to those used by the Singapore 

sample. On other words, Professional development programs for science teachers in Saudi 

Arabia need to be redesign and structure to focus more on inquiry-based practices as a main 

strategy to improve science learning and students’ achievement. 

In conclusion the findings of this secondary analysis of TIMSS data suggest that the Grade 8 

science teachers in Saudi Arabia and Singapore differed significantly in most characteristics 

related to their background, perception of their preparation, and the way they teach science. The 

findings also suggest that in most of the comparisons the Singapore sample was found to be 

better qualified, teach less content, balanced in their perceptions of how well they prepared, 
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participated more in professional development programs and  have had classroom practices 

close to or resemble those identified as inquiry oriented practices. The identified differences 

between the teachers in the two countries might very well explain the differences between 

student achievements in the two countries.  
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INTRODUCTION 

 

Reform recommendations around the world have called for a redefinition and 

reconceptualization of how science is understood and taught in the school classroom.  

One of the assumptions of reform recommendations is that teachers are a catalyst of 

change and, hence studying teacher learning and development can provide useful 

understandings towards attempts to address reform recommendations. Consequently, 

during the past decade an increasing number of articles have been published in science 

education journals about teacher learning and development. Science teacher development 

has been conceptualized and studied around the world in various ways that entail 

different frameworks and methods.  

Many researchers have used frameworks associated with teacher knowledge, teacher 

beliefs, teachers’ understandings about the nature of science, teacher pedagogical content 

knowledge, teacher identity, and others. In doing so, researchers have adopted a range of 

theoretical lenses ranging from cognitive to sociocultural, and have followed a variety of 

methodological approaches ranging from quantitative to qualitative. Regardless the 

various frameworks used, at the core of the intent of research in pre-service teacher 

education has been the understanding of how teachers learn and develop. This features 

centrally in research efforts to improve teacher preparation and remains at the heart of the 

account of this Strand.  

The papers included in this volume illustrate collectively how research in pre-service 

teacher education around the world has evolved, provide examples of effective 

frameworks, approaches, curricular, and tools to support pre-service teacher learning and 

development, and synthesize related research evidence. A set of papers describe studies 

that examine pre-service teachers’ professional knowledge, pre-service teachers’ ideas 

about teaching and learning, and pre-service teachers’ beliefs, and pedagogical content 

knowledge. Another set of papers present research findings connected to scientific 

inquiry and inquiry-based science, while other papers explore the role of the context on 

teacher learning and development. Moreover, a number of papers present research 

evidence on various effective approaches to preservice teacher education, such as 

argumentation, experimentation, the use of vignettes and story writing. Lastly, some 

papers describe technology-based approaches to pre-service teacher education such as the 

use of Facebook and tablet computers.  

We hope that these papers will provide the basis for conversations aligned with the 

significant role of teacher preparation to efforts for reform across and beyond Europe and 

will move the field forward in directions that examine important research areas left 

unexplored. 

 

 

Lucy Avraamidou and Marisa Michelini 
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POSTGRADUATE STUDENTS’ FACEBOOK USE 
IN THE "DIDACTIC OF NATURAL SCIENCES

IN EARLY CHILDHOOD" COURSE

Michail Kalogiannakis1

1Lecturer, University of Crete, Faculty of Education, Department of Preschool Education, 
Greece

Abstract: The need for teachers’ support early on in science education is stressed by the fact 
that third-year university students (who constitute future teachers) function in a complex 
context within which they are expected to acquire sufficient knowledge across a number of 
fields. The present research is conducted through the implementation of the “Didactic of 
Natural Sciences in Early Childhood” course which is offered in a hybrid form: both in the 
traditional way – in the classroom – and on-line through the Learning Management System
(LMS) e-class of the Faculty of Education at the University of Crete. In this research, we will 
study the introduction of Facebook as a new form of interaction of Web 2.0 in creating social
networks. This course was developed on Facebook by providing opportunities for virtual
communication and interaction between members of the educational community. Our 
research focuses on views held by future early childhood teachers on the use of Facebook for
science education. The design of the study made use of a qualitative research approach with 
interviews in small groups of students purposely selected from among the 160 students who 
attended this course. Our findings confirm that Facebook has the potential to enhance the 
understanding of different concepts of natural phenomena for these students. Students do not 
seem to be actively interested in setting up study, self-help or support groups but they declare 
to make all this in the near future. With Web 2.0 tools, it is possible to become familiar and
work with new people who share common interests and to facilitate access to information.
The alienation that often characterizes students inside a traditional classroom seems to 
disappear, with the use of Facebook leading to the development of various skills through fun
(“Edutainment”), as well as by releasing students from the obligations of a traditional
classroom.

Keywords: Early Childhood Education, Natural Sciences, Facebook, Students.

INTRODUCTION
Science education can have important effects on students’ self-confidence as regards their 
own way of teaching science. In many countries worldwide, great emphasis is put on early 
childhood education. Early childhood teachers need to improve their confidence to teach 
science (Appleton, 1995; Garbett, 2003). These teachers often do not possess sufficient 
content knowledge of science in order to be able to know what questions to ask or how to 
interpret children’s unexpected responses to the teacher’s questions. As a result, they are not 
prepared enough to provide the scaffolding to young children who need to do natural sciences
activities (Garbett, 2003; Eshach, 2006). Active social participation in scientific development 
is one of the most effective pedagogical approaches for children (Johnston, 2009) and 
students. Primary teacher education for early year teachers may take place in universities, 
university colleges, or specialized institutes. In Greece, the secondary education of preschool 
teachers has mostly focused upon educational sciences and the humanities (Kallery, 2004).
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The early year teachers’ lack of confidence regarding the teaching of natural sciences has 
been largely attributed to their poor background knowledge.

During the last 10 to 20 years, European countries have had difficulty engaging students in 
science; however, nowadays, a growing interest in the introduction of natural sciences at all 
levels of education has emerged. Particularly in early childhood education, teaching natural 
sciences is considered feasible because a range of teaching strategies has been developed 
which makes the transformation of the scientific teaching model possible in conceptual 
models of precursor natural sciences (Ravanis & Bagakis, 1998). Considering the importance 
of science in early childhood, and the fact that early year teachers function in a complex 
context within which they are expected to have adequate knowledge in a number of fields, 
attention needs to be paid to the problems and needs of these teachers, in order to improve 
science instruction in the preschool classroom (Kallery, 2004).

Since its inception, the World Wide Web has changed the ways in which scientists 
communicate, collaborate, and educate. Nowadays, an important change can be seen in the 
Web 2.0 services aiming at the creation, the cooperation and the sharing of material between 
users. In particular, many educational institutions at different levels organize their courses 
through the use of social networks. The organization of the teaching material is often 
designed in the available LMS (Learning Management System) without the appropriate 
opportunities for interaction, document sharing and dialogue. However, students need support 
to find potential educational applications and to learn the potential of social media in higher 
education (Hrastinski & Aghaee, 2012). Facebook provides an informal learning space for
university students (Madge et al., 2009). Although e-mail is still the main tool for 
communication between teachers and students (Margaryan et al., 2011), it is very important to 
investigate the use of social media and especially Facebook in an institution of tertiary
education and in the framework of the present research for teaching natural sciences.
Facebook appears to be an important arena within which the “behind the scenes” work of 
being a student is being performed, away from the gaze of the formal university setting 
(Selwyn, 2009).

BACKGROUND
A teacher with limited science knowledge may not be aware of student misconceptions, or 
may not be able to offer students viable alternative explanations which they find helpful 
(Appleton, 1995). Facebook appears to be such an important social tool used by new students 
to aid their settling-in process (Madge et al., 2009; Selami, 2012). For Selwyn (2009) much of 
students’ “educational” use of Facebook is based on the post-hoc critiquing of learning 
experiences and events and the exchange of logistical or factual information about teaching 
and assessment requirements. Use of Web 2.0 tools, i.e. Facebook, in pre-service teacher 
education is an important area. Research on the use of Facebook in higher education for 
teaching different subjects issues (Selwyn, 2009; Margaryan et al., 2011; Hrastinski & 
Aghaee, 2012; Selami, 2012; Hutchens & Hayes, 2014) and especially the didactics of natural 
sciences in early childhood has been quite limited (Kalogiannakis, 2013).

FRAMEWORK AND PURPOSE
Prensky (2010), referring to the dramatic changes in the way today’s students live and learn,
suggests the term “digital natives” for children who were born and grew up alongside the 
development of the digital world. Nowadays, “digital natives” are mainly taught by “digital 
immigrants” who are required to adapt to the generation of Web 2.0 and to adapt their courses
to meet the needs of this new generation (Prensky, 2010). In the information society, the 
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ability to collect, develop, exchange, store and manage information from various and 
dispersed data, along with the ability to generate additional information of value proves
essential (Kalogiannakis, 2004). Although emerging social media and especially Facebook 
have the potential to support learning in new ways, we still know little about how social 
media are currently used to support students’ educational learning. This paper is part of 
broader research that studies the impact of LMS, social media and especially Facebook on the 
learning process for teaching natural sciences at preschool level in an institution of tertiary 
education (Kalogiannakis, 2013).

RATIONALE
In a distance and/or hybrid course, it is crucial for the instructor, apart from the partial 
organizing and postings of the educational material, to be able to offer opportunities for 
online feedback and collaboration among students. The main question deals with the creation 
of context for interaction among peers. The “Didactic of Natural Sciences in Early 
Childhood” undergraduate course (code: PAI 164) was developed οn Facebook at the 
following address: http://www.Facebook.com/NaturalSciencesInPreschoolEducation, and 
provides opportunities for virtual communication and interaction between members of the 
educational community. Some examples of on-line feedback for the above course include the 
sharing of documents, the parallel and on-line search for information on a certain subject for 
the teaching of natural sciences in early childhood and, also, communication with the use of 
the network tools provided. We focused on students’ perceptions because understanding the 
perceptions of Facebook’s benefits and limitations in tertiary education would be very useful 
for the design of the next generation of learning. Since this study was conducted from the
students’ point of view, it was important that they should decide what social media are and 
what they are not; what is “educational” and what is “personal”. Figure 1 presents the three 
dimensions of the educational activity for the PAI 164 course. 

Figure 1. The three dimensions of the educational activity of the “Didactic of natural sciences 
in early childhood” course (PAI 164).
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This particular course (PAI 164) involves the study of the epistemological make-up of the 
didactic of natural sciences. The students are introduced into the field of preschool natural 
sciences. In particular, the issues addressed concern: 
(a) children’s ideas, learning theories and their effects on the development of frameworks for 
the organizing of activities involving natural sciences in preschool education; 
(b) the different didactic strategies used in the didactic of natural sciences in early childhood; 
(c) the introduction of ICT in the didactic of natural sciences in early childhood;
(d) the different natural phenomena and their effects tailored to early childhood (gravity, 
electricity, shadows, light, sound, plants, solids, liquids, gasses, the environment, the 
greenhouse effect, etc.). 

METHOD AND SAMPLE 
The sample of the study consisted of students (future early childhood teachers) who are 
studying at the University of Crete in the Faculty of Education, Department of Preschool 
Education. The data was collected qualitatively by the researcher through semi-structured 
interviews with 160 preschool teacher candidates (158 female and 2 male) during the spring 
semester of the 2011/2012 academic year. Before preparing the interviews, the relevant 
bibliography was scanned to produce a contextual framework (Ravanis & Bagakis, 1998; 
Kallery, 2004; Selwyn, 2009; Margaryan et al., 2011; Hrastinski & Aghaee, 2012; 
Kalogiannakis, 2013). 

The design of the study made use of a qualitative research method and was designed as a 
small-scale exploratory study. This method provides the researchers with small groups of six
students to work with, in order to gain in-depth information, a better understanding of and 
deeper insight into the selected subjects (Strauss & Corbin, 1998; Saunders, Lewis & 
Thornhill, 2007). It focuses on the participants’ experience as concerns their use of Facebook 
in the context of this course of preschool science education.

Figure 2. The main themes of the semi-structured interviews of the research regarding the 
PAI 164 course 

For this research, twenty semi-structured interviews with students were prepared. After 
examining the relevant bibliography about Web 2.0 tools and the use of Facebook in class
(Selwyn, 2009; Mazman & Usluel, 2010; Margaryan et al., 2011; Hrastinski & Aghaee, 2012; 
Selami, 2012) the main themes that were determined (Figure 2) were the following:

We did not provide the students with any formal definitions prior to the interviews, as their 
perception of the terms “educational” and “personal” was one of the things they would 
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contribute to the study. As a result, the interviewees had quite different perceptions of these 
concepts, which restricted the research. Categories and themes were later established based on 
this coding and their similar characteristics. The research process was clarified with the aim of 
increasing external validity and reliability. While descriptive analysis was performed on the 
basis of predetermined main themes, the interview results were examined through content 
analysis to determine if new categories or themes were established other than the 
predetermined main themes.

RESULTS AND DISCUSSION
The collected data were first transformed into a written format. In order to increase internal 
reliability, all of the data was transcribed without any comment. The research process was 
clarified with the aim of increasing external validity and reliability. Descriptive analysis and 
content analysis were performed with a view to analyze the interview results in five steps
(Strauss & Corbin, 1998; Saunders, Lewis & Thornhill, 2007). These steps were the following
(Figure 3):

The figures below show the frequency of the students’ views on the use of Facebook in the 
“Didactic of natural sciences in early childhood” course after the application of the five steps
above. The main themes and their categories that emerged from the data analysis are included
in the following figures.

As regards the 1st part of the questionnaire (themes of the interviews) and the students’ 
answers on the main use of Facebook, it is considered that: it positively affects students and 
encourages them to attend the course (49 statements). Moreover, another important aspect of 
Facebook is that it offers regular information on new updates of the course and interesting 
facts about science in early childhood (45 statements), as well as that it provides incentives 
for the frequent monitoring of the course in person (37 statements). 

It is underlined that Facebook, having become an integral part of their everyday life, provides 
students with the necessary stimuli for research on a topic in the area of physics in preschool 

Figure 3. The 5 steps for the descriptive and content analysis of our research
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education. In general, based on the observations shown in figure 4, various other reasons of 
considerable interest, with relatively lower frequency for Facebook use, are presented, such 
as: the course becomes more familiar and enjoyable for the students, gives rise to stimuli and 
further research, and students combine their leisure time with one of the objects of study.

Regarding the 2nd part of the questionnaire and the students’ answers regarding Facebook’s 
strong points, the following seem to dominate: contact with the lesson is achieved at any time 
and for as much time as the student desires (68 statements); Facebook facilitates the 
interpretation and understanding of specific subject areas so that learning becomes an 
enjoyable and rewarding process (55 statements); additional resources are provided in order 
for the teaching to become more easily understood (48 statements); a common basis is 
provided on which a communicative relationship and interaction is developed (45 statements); 
the teacher has more time for “human” contact with the students (45 statements). In more 
detail, the interviewees’ answers in the 2nd part of the questionnaire, regarding the strong 
points of the use of Facebook use, are showed in Figure 5 which follows:

Figure 4. The use of Facebook in the “Natural sciences in early childhood education”
undergraduate course (PAI 164)
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Figure 5. Strong points of Facebook use in the PAI 164 course
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As regards the 2nd part of the questionnaire and the students’ answers on the weak points of 
Facebook use, the following stand out: the fact that everything you post on Facebook is 
published with your personal data (77 statements); not all students have a Facebook account,
which results in their missing a significant part of the course (45 statements); and the frequent 
use of Facebook can become tedious and students may get carried away and lose precious
time (40 statements). The interviewees’ detailed answers to the 3rd part of the questionnaire, 
regarding the weak points of Facebook use, are shown in Figure 6:

As regards the 3rd part of the questionnaire and the students’ answers regarding the ways to 
improve the “image” of the PAI 164course on Facebook, the following stand out: post each 
lecture of the course (60 statements), and also upload videos for teaching science in early 
childhood (51 statements). What is more, a demand for the students’ more active involvement 
in the design of the course’s Facebook page was expressed (45 statements), as well as the 
organizing of quiz, games and discussions on the course’s topics (45 statements). Based on 
the above, the students’ interest in watching the offered course on video (video-lecture) 
becomes obvious. The students seem to be interested in the availability of videos featuring
experiments from the field of physics which could be carried out among young students. 
These experiments are considered necessary by the students in order for them to watch in 
practice what they have been taught in theory. The interviewees’ detailed answers to the 4th
part of the questionnaire, regarding the weak points of Facebook use, are shown in Figure 7.

Figure 6. Weak points of Facebook use in the PAI 164 course
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Figure 7. Ways to improve the image of the PAI 164 course on Facebook.
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As regards the 4th part of the questionnaire and the students’ answers regarding the main 
reasons for their non-participation in the course’s Facebook page, they answered the 
following: it might not interest the rest of the students to post something and it might not be 
suitable for the lesson topic (65 statements); many students do not feel comfortable enough to 
post something on the course’s Facebook page (45 statements); they don’t have the time to 
find a topic of interest (40 statements). The interviewees’ detailed answers to the 5th part of 
the questionnaire are shown in Figure 8.

As regards the 5th part of the questionnaire and the students’ proposals on how the course’s 
Facebook page could become more “fun”, the following stand out: the posting of more videos
and educational software issues for the preschool teaching of science (51 statements), the 
posting of videos showing children in the classroom while they conduct experiments on 
subjects from the didactic of natural sciences course (44 statements), as well as the posting of 
photos depicting the auditorium so that the students feel like “owners” of the page (39 
statements). The interviewees’ detailed answers to the 6th part of the questionnaire are shown 
in Figure 9.

Figure 8. Main reasons for the lack of a more active student participation in the PAI 164
course Facebook page.
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Figure 9. Students’ suggestions of ways to make the Facebook page of the PAI 164 course 
more “fun”.
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CONCLUSIONS AND IMPLICATIONS 
As the new information and knowledge-based society emerges, institutions of tertiary 
education face challenges to “raise” students with intellectual creativity and critical thinking 
who can adapt themselves to modern society or even lead it (Kalogiannakis, 2004). Facebook 
has emerged as an attractive channel for science education. Facebook-supported learning 
provides students with an opportunity to view on-line situations and examples that help the 
learning process. On the one hand, as is revealed by the survey data, the students seem very 
excited about the use of Facebook for the “Didactic of natural sciences in early childhood”
course (PAI 164). On the other hand, quantitative analysis through detailed statistics provided 
by Facebook, which is not shown in this article, indicates that students do not regularly use 
social networking for academic purposes. We argue that Facebook-supported learning 
provides a semi-permanent resource which allows students to re-visit the educational material 
of the course, thereby increasing the potential to develop a greater understanding of the 
material.

Generally speaking, the requirements for the implementation of Facebook use in the science 
classroom should be researched more thoroughly and should be studied on a wider scale. It is 
important to study these requirements within a preschool science teaching framework: how do 
they affect the educational syllabus, classroom activities, the educator’s and student’s role,
and teaching and learning process? The basic element which appears to excite the students of 
the Department of Preschool Education at the University of Crete, who attended the didactic
of natural sciences course, is that they meet other students who share common interests and 
have access to educational material which is to their benefit. It seems very important that they 
have the opportunity to create study groups for exams. Facebook and Twitter work as 
connecting networks between students and the instructors of this course by creating virtual 
learning communities. Taking into account the positive attitude of the student groups of the 
current research study, it seems that Facebook serves the direct and easy task of organizing 
issues; functions as a helping tool for teaching issues; and can be used as a direct academic 
teaching tool.

Furthermore, Facebook offers a variety of possibilities which students can use to help and 
support each other in order to create natural sciences activities for early childhood education. 
This study is preliminary in its nature and is in progress. Other studies need to be designed in 
order to replicate this treatment with a larger number of subjects and courses. The findings of 
the present research should be interpreted within the limitations of, on the one hand, a small-
scale exploratory study, and, on the other hand, a study of students coming from a single 
country. These findings may be used as a guide for the research and interpretation of future 
preschool students’ experiences in other countries as well.

Generally speaking, the educational benefits are not clear to the majority of the students of 
our research. Through content analysis of the interviews in this research, the important 
dynamics of Web 2.0 and of Facebook use for teaching science in early childhood, in an 
institution of tertiary education, are obvious. Nonetheless, it would be interesting to 
implement further research on the subject and “investigate” - over longer periods of time and 
over a larger sample of students - Facebook use for teaching topics from science education for 
different courses. The growing use of Facebook certainly raises important questions about 
how universities will articulate their teaching relationships with students in the near future.

It is necessary to understand in what ways university students use or would like to use a 
hybrid type of education which is based on learning management systems and social networks 
in order for them to support their studies in different educational environments.
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Abstract: The objective of this research is to develop case-method teaching materials 
for use on tablet PCs in order to share awareness among university students who wish 
to become primary school teachers and to evaluate the effectiveness of these materials. 
These materials were created to enable prospective teachers who lack skills in science 
instruction to acquire the skills to lead a science class and carry out experiments. 
Results suggests that the use of case-method teaching materials on tablet PCs to share 
awareness of scenes like those seen in the manga used in the present study is as an 
effective learning tool. 

Keywords: tablet PC, pointing, annotation, manga, case method, teacher education. 

 

INTORODUCTION 
In recent years, the use of tablet PCs in places of education has increased greatly. 
However, the methods of using them in this context have been limited to displaying 
information from digital textbooks and from the Internet or presenting teaching 
materials for drill for individual students. In other words, research indicates that, 
currently, the functions of tablet PCs are not being fully utilized (e.g., Ostashewski & 
Reid, 2010; O’Loughlin, 2011).  

Research into the use of tablet PCs in education has been mainly on their use as tools 
to promote the sharing, externalization, and construction of knowledge within a 
learning community (e.g., Kim et al., 2009; Reid & Ostashewski, 2011). For the 
present research, a system was developed to explore the use of the two-way 
communication function of tablet PCs, one of their key features.  
 

Currently, a major issue in Japan is how to improve the qualities and abilities of 
teachers of science in primary schools and increase their level of expertise in their 
field. The teaching materials selected for the present research were intended to 
improve the knowledge and skills of teachers of science with regard to experimental 
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apparatus and teaching materials. Pedagogical content knowledge research (e.g., 
Gess-Newsome & Lederman, 1999; Mishra & Koeher, 2006) is a widely known area 
of previous research on this topic. 

 

For the present research, the research subjects were university students studying to 
become primary school teachers; tablet PCs were used to create a cooperative learning 
environment and develop a learning system to train teachers in practical skills for 
teaching science. The use of manga as a leaning tool in the case-method teaching 
materials employed made it possible to express learning scenes of a kind that actually 
occur in experiments conducted by children. Promoting feelings of absorption in the 
learning scene among learners supports their acquisition of the skills they require to 
assess a situation and thereby resolve problems. These materials used were evaluated 
and their effectiveness verified based on their development in a paper format(e.g., 
Daikoku et al., 2011). 
 

SUMMARY OF THE SYSTEM 
The system used was a client and server-type system operated as a Web application.  
 

The development and operating environments 
The development environment used Windows 7 (Professional), Apache 2.2, PHP 5.3, 
CodeIgniter 2.0.2, and MySQL 5.5. The system could feasibly be built on other OSS, 
assuming it is possible to use the same system on the server side as well. The 
operating environment is used through a Web browser; any Web or mobile OS where 
it is possible to input characters can be used.  
 

System configuration 
Figure 1 shows the configuration of the system. This figure shows only one client, but 
it is possible to connect multiple clients to the server and so share comments. 
 

User interface and functions 
First, the user (the learner) logs on to the system; then, he or she can freely browse 
different pages and select a scene in which to write comments. While doing this, to 
indicate the perspective from which their comment was written, the user selects which 
of the following three categories they think is applicable to their comment: 
experimental skills, teaching method, and environmental settings and considerations.  

Figure 2 shows an example of a screen on which a user is inputting a comment. The 
scene in the lower right of page 4 is selected; the comment that “the instruction that it 
should not be turned too rapidly should be given in advance” is the input, and the 
“teaching method” perspective category is selected. 
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Users can view their own comments as well as those of other users. Figure 3 shows 
the same page as Figure 2 with comments that have been input by other users 
displayed as a list in the bottom right corner of the screen. A record of user operations 
is transmitted to the server and stored in the MySQL database through the control 
units of PHP & CodeIgniter. In this way, learners share their comments. 

Figure 2.  A comment being input 

Figure 1.  The configuration of this system 
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METHOD OF EVALUATING THE SYSTEM 
Research subjects and period 

The research subjects were 86 students attending a private women’s university in 
Japan. This was the first time that any of them had used either this system or manga-
based case-method teaching materials. The study was conducted in June 2012. 
 

Experimental procedures 
First, the 86 learners were split into four teams, and each was allocated 45 minutes to 
conduct the experiment. Next, how to use the system was explained to them and they 
read through the manga. Then, they were given about 15 minutes to select part of a 
manga scene that interested them and explain why in writing (Figure 4). Finally, each 
team shared their awareness of each of the scenes and discussed problem areas 
(Figure 5). 
 

Following the experiment, all of the research subjects completed a questionnaire and a 
free-response survey. The questionnaire was made up of 19 items related to their 
feelings about using and operating the system and about sharing their awareness of 
the scenes, using a four-point Likert-type scale. 
 

Figure 3.  A comment being shared
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Answers were grouped as positive (I completely agree and I somewhat agree) or 
negative (I completely disagree and I somewhat disagree), and bias in the answer 
trends was extracted using a direct probability calculation (a two-sided test) 
 

RESULTS AND CONSIDERATIONS 
The analysis of the questionnaire results (Table 1) shows significantly positive 
outcomes (p<.01) for all items relating to the users’ feelings about the use and 
operation of the system and the sharing of their awareness of the scenes. In addition, 
there was a significantly positive outcome in the free-entry responses (Table 2), 
particularly on the sharing of awareness of the scenes, for which 65 out of the 86 
respondents provided a positive response. Thorough consideration of these results 
suggests that the use of case-method teaching materials on tablet PCs to share 
awareness of scenes like those seen in the manga used in the present study is as an 
effective learning tool. 
 

CONCLUSIONS 
This system, which used tablet PCs to allow users to share their awareness of problem 
areas in manga scenes, was evaluated based on the survey responses of university 
students who wished to become primary school teachers. The evaluation items related 
to their feelings about the use and operation of the system and the sharing of their 
awareness of the scenes. The results of the evaluation suggest that case-method 
teaching materials can be an effective tool for learning. 
 

ISSUES FOR THE FUTURE 
Going forward, the researchers wish to investigate the development of classroom 
methods that will enable this system to be utilized even more effectively for the 
sharing of awareness via tablet PCs. 

 

 

Figure 5. Sharing of awareness 
and discussion 

Figure 4. Using the system on an iPad 
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Table 1  
Questionnaire results 

No. 
After sharing awareness of the scenes in system please 
select your response to the following statements. Positive Negative

Using the system 
1 It was fun to use system for class. 86 0 
2 System screens were easy to view. 85 1 

3 
I fully understood the experiment with the children while 
viewing system. 86 0 

4 
I fully considered the problems areas within the experiment 
with the children while viewing system. 86 0 

5 
I would still like to use teaching materials other than 
system in experiments involving children. 85 1 

Operating the system 
6 It was easy to view the manga (turn the pages). 85 1 
7 It was easy to select manga scenes. 85 1 
8 It was easy to select a cursor aiming point. 83 3 
9 It was easy to input comments. 82 4 
10 It was easy to operate the system after inputting comments. 84 2 
11 It was easy to see the list of comments (from my group). 86 0 

12 
It was easy to see the list of comments (from the other 
groups). 86 0 

Sharing of awareness of the scenes
13 I read a lot of comments from members of other groups. 80 6 

14 
By looking at the comments, I was able to get a different 
awareness of the scenes. 86 0 

15 
By looking at the comments, I was able to understand the 
reasons people had different awareness of the scenes. 86 0 

16 Looking at the comments stimulated discussion within the 
group. 84 2 

17 
By engaging in discussion while looking at the comments, I 
was able to understand the opinions of others. 85 1 

18 
By engaging in discussion while looking at the comments, 
we were able to provide each other with easy-to-understand 83 3 

19 
I think that the comment-listing function (for other groups) 
is an effective way of solving problems. 86 0 

 

Table 2 
An extract from the free responses 

・Being able to instantaneously view the opinions of many students was 
extremely useful and stimulated the discussions. 

・As we could see everyone’s opinion at the same time, I could compare their 
opinions to my own and understand perspectives different from mine. 

・I was able to discover those aspects of the scenes that I did not notice and 
learned the importance of understanding different perspectives and the need 
to grasp the whole. Conversely, I was glad that my opinion was reflected in 
the discussions. 
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Abstract: In research, pedagogical content knowledge (PCK) is considered as an 

important aspect of teachers’ professional competence. However, there is no 

standardized definition concerning the internal structure of this concept, especially in 

science subjects such as physics. Therefore, results of different empirical studies 

measuring PCK are difficult to compare. Moreover, there is no study that can report 

on correlations between various aspects of PCK. Against this background, different 

conceptualizations and theoretical considerations of PCK have been consulted and 

compared. Based on these analyses, a comprehensive model of prospective physics 

teachers’ PCK and a related test instrument (in the form of a pen-and-paper test) have 

been developed. Its purpose is to enlighten the correlations between certain aspects of 

PCK as well as between PCK and other areas of knowledge (e.g. content knowledge). 

To validate the test instrument and the underlying PCK model, a think aloud study 

with 15 probands was conducted. We focused on the knowledge areas that the 

probands referred to while answering the items. With these data, indications of the 

validity of the underlying model could be identified. Furthermore, the test instrument 

was piloted with a sample of 216 prospective physics teachers.  

 

Key words: PCK, teacher education, physics, think aloud study 

 

 

PROBLEM DEFINITION 

The concept of pedagogical content knowledge (PCK) as defined for the first time by 

Shulman in 1986 is of great importance within teacher-training programs and their 

evaluation in educational studies (in German-speaking countries as well as 

international). It is assumed that PCK assists teachers to create cognitively activating 

teaching situations and support learning processes (Ball, Lubienski & Mewborn, 

2001; Baumert & Kunter et al., 2010). However, there is no standardized definition 

concerning the internal structure of this concept in science subjects and mathematics. 

Depaepe, Verschaffel and Kelchtermanns (2013) worked out that in mathematics 

scholars often have similar but not identical conceptualizations of PCK. Some studies 

even refrain from defining the components of PCK at all (ibid.). This disagreement is 

leading to difficult comparability of different empirical studies measuring PCK (e.g. 

Kunter & Baumert et al., 2010; Blömeke, Houang & Suhl 2011; Riese, Reinhold & 

Vogelsang, 2012). Furthermore, there is no study that can report on correlations 

between various aspects of PCK.   

 

Therefore, it is necessary to develop a commonly shared model of PCK and its 

internal structure as well as a suitable test instrument. This would allow to 
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systematically research correlations between the various aspects of PCK as well as 

between certain aspects of PCK and, for example, content knowledge (CK).  

 

MODEL DEVELOPMENT 

Starting from an analysis of different conceptualizations of PCK in science subjects, 

a model for prospective physics teachers was developed. The focus is on university 

PCK. By university PCK, we mean the part of PCK students can acquire in 

preservice teacher training programs at the university in Germany. The model of 

PCK developed in this study fits into the framework of “Heuristic model[s] of 

teachers’ professional action competence” (cf. Kunter & Baumert et al., 2010; Riese, 

Reinhold & Vogelsang, 2012). It discerns two areas of teachers’ professional action 

competence: professional knowledge and motiviational, volitional and social 

dispositions and abilities. Within this framework, PCK is part of the professional 

knowledge and differs clearly from Content Knowledge (CK) and Pedagogical 

Knowledge (PK). Moreover, belief systems and motivational aspects are not part of 

PCK but assigned to the motiviational, volitional and social dispositions and 

abilities.  

 

 
 

Figure 1. Heuristic model of teachers’ professional action competence  

(cf. Kunter & Baumert et al., 2010; Riese, Reinhold & Vogelsang, 2012) 

 

To develop the model of PCK, different international articles and theoretical 

approaches had been analysed and compared. On the one hand, the model 

development incorporates conceptualizations of German research projects such as 

COACTIV (Kunter & Baumert et al., 2010), TEDS-M (Blömeke, Houang & Suhl, 

2011) and Riese, Reinhold & Vogelsang (2012). On the other hand, it incorporates 

international approaches (e.g. Magnusson & Krajucik et al., 1999; Lee & Luft, 2008; 

Park & Oliver, 2008) as well as German normative implementations in regard to 

teacher-training programs (e.g. Korneck, 2010). The aspects and facets of PCK 

mentioned in these studies and approaches had been collected to develop a 

comprehensive model of PCK. In order to develop a suitable test instrument, the 
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comprehensive model (cf. Gramzow, Riese, Reinhold, 2013) was boiled down to a 

model of PCK that consists of four facets (fig. 2). The facets are:  

 (1) instructional strategies (2) students’ conceptions (3) experiments and teaching of 

an adequate understanding of science and (4) physics education concepts.   

 

Additionally, to create items with different requirements a second dimension called 

cognitive activities was added containing the aspects (1) reproduce (2) apply and (3) 

analyse.  The complete model for item development is shown in figure 2.  

 

 
 

Figure 2. PCK model for item development 

 

TEST INSTRUMENT 

A 90 minute pen-and-paper test including 50 items that fit into the model shown in 

fig. 2 and a demographic part have been developed. There are open situational 

judgment items as well as complex multiple-choice items. Below (fig. 3), an example 

of an item is shown. Concerning the model, it assigned to mechanics, student’s 

conceptions and analyse.  

 

Figure 3. Example of the test instrument 
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METHODS 

The empirical test instrument was piloted with a sample of 216 prospective physics 

teachers in summer 2013. As one method amongst others, the instrument and the 

underlying model were validated by implementing a think aloud study (cf. e.g. van 

Someren, Barnard & Sandberg, 1994). For this, 15 university students (10 

prospective teachers and 5 natural science students) were asked to answer the test 

items and to express their thoughts aloud while thinking. The sessions were recorded, 

transcribed and analysed by using qualitative content analysis (cf. Mayring, 2000). 

The intention of this study was to find out which areas of knowledge the probands 

used to answer the items and to determine if the test actually measures PCK as 

conceptualized in the model. 

 

RESULTS OF THE THINK ALOUD STUDY 

In the context of the think aloud study, the analysis shows that probands refer to 

different areas of knowledge to solve the tasks. Five different areas were discovered: 

1) Theoretical/Conceptual physics education knowledge (part of PCK) 

2) Content knowledge (CK) 

3) Knowledge gained by experience as a student teacher in school or university 

(Exp-T) 

4) Knowledge gained by experience as a student at school (Exp-P) 

5) Subjective/personal theories  (cf. Groeben, N., 1990 ) (ST) 

 

For all answers and for all correct answers, the distribution of the areas that the 

probands refer to is shown in figure 4. CK and ST are especially relevant to solve the 

items with each about 30 % of the answers. It cannot be determined what the reason 

for the subjective theories (ST) is. But it could be supposed that ST are created by 

experiences the probands did not express. To act on this assumption, it could 

cautiously be concluded that PCK and CK is more helpful for giving correct answers 

than knowledge gained by the experience of the students including ST.  

 

   
Figure 4. Areas of knowledge for all answers (left-hand site) and for only the correct 

answers (right-hand site) 

 

By analysing the responses with respect to the underlying model, one recognizes a 

different distribution. For instance, there is a group of test items strongly referring to 

theoretical/conceptual physics education knowledge (part of PCK). This holds for 

items with the cognitive requirement reproduce. In contrast, items with the cognitive 
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requirement analyse refer more strongly to CK. This can easily be explained, since 

the probands have to analyse physical statements more often within analyse items. 

  

Furthermore, Content Knowledge (CK) appears to be highly relevant to solve items 

of the cognitive requirements apply and analyse correctly. However, it cannot 

completely compensate a lack of PCK.  

 

 Figure 5. Areas of knowledge for items with the cognitive requirement reproduce 

(left-hand site) and items with the cognitive requirement analyse (right-hand site) 

Moreover, it depends on the specific PCK facet how useful CK is to solve the tasks. 

There seem to be facets that refer more strongly to content knowledge than others 

(e.g. students’ conceptions vs. physics education concepts, fig. 6).  

 
Figure 6. Areas of knowledge for items with the facet student’s conceptions (left-hand 

site) and items with the facet physics education concepts (right-hand site) 

The different distributions concerning the internal structure of the PCK model as 

shown in figure 5 & 6 could cautiously be interpreted as an indication of the validity 

of the underlying PCK model structure. The analysis also reveals that linked 

knowledge is essential for answering many items.  

 

Nevertheless, it is necessary to implement further studies to verify these results. As 

the qualitative content analysis is highly interpretative, also empirical studies should 

be conducted.  

 

 

RESULTS OF THE PILOT STUDY 

As mentioned before, the pilot study was conducted with 216 prospective German 

physics teachers in summer 2013. The Rasch analysis shows that the test instrument is 

too difficult und the variance is too low (.33) (see also fig. 7). The item fit statistics 
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for 89 of 91 items are good (0.8 <MNSQ <1.2 and - 1.9 <T <1.9), as well as the EAP 

reliability for the entire test (.84). 

Comparing a one-dimensional model (just one global PCK facet) with a four-

dimensional model (the four facets are shown in fig. 2) provides a highly significant 

(
2 

test) better matching of the four-dimensional model. Therefore, it seems justified 

to assume a four dimensional model of PCK with the facets (1) instructional strategies 

(2) students conceptions (3) experiments and teaching of an adequate understanding 

of science and (4) physics education concepts. This is significant evidence for the 

construct validity of the PCK model including four facets. 

 

Figure 7. Wrightmap. Item difficulty rises from left to right 

 

CONCLUSION AND IMPLICATIONS 

A 90 minutes pen- and paper test with focus on university PCK has been developed. 

The test is based on a PCK model with four facets: (1) instructional strategies (2) 

students conceptions (3) experiments and teaching of an adequate understanding of 

science and (4) physics education concepts. To validate the instrument and the 

underlying PCK model, a think aloud study was implemented. The results show that 

probands actual use different areas of knowledge when they solve items belonging to 

different PCK facets. Moreover, PCK and CK are more helpful for giving correct 

answers than student’s experiences. Nevertheless, linked knowledge is essential for 

answering many items. This result could cautiously be interpreted as an indication of 

the validity of the underlying PCK model structure.  

 

The results of the pilot study with 216 prospective German physics teachers also 

indicate that conceptualizing PCK with four facets is justified.   

 

In the future, the test will be used in the main study in Germany 2013-2014 as part of 

the joint research project ProfiLe-P (cf. Blömeke & Zlatkin-Troitschanskaia, 2013; 

Kulgemeyer et al., 2012). For this purpose, the best items (concerning statistical fit, 
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validity and a balanced distribution of item difficulties) will be chosen and the test 

will be reduced to 60 minutes. On this basis, further analyses (e.g. to research the 

correlations between certain aspects of PCK and CK) will be conducted. 
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PROSPECTIVE PHYSICISTS' AND PHYSICS
TEACHERS' CONTENT KNOWLEDGE

— FIRST RESULTS OF A GERMANY-WIDE STUDY —

David Woitkowski¹, Josef Riese¹ and Peter Reinhold¹
¹ University of Paderborn

Abstract: At present, education of prospective physicists and physics teachers at 
German universities is not able to compensate differences in competencies and prior 
knowledge because there are almost no systematic concepts for a specific and 
adaptive support available. This is, amongst others, due to a lack of precise, 
sophisticated and valid instruments for measuring content knowledge. In this context, 
most of the available instruments are limited to physics education at school level. The 
few existing approaches focusing on university level can be characterized as 
fundamental research regarding the structure of competencies. They cannot be used as
a basis for adaptive support strategies.

Against this background, a model of physics content knowledge in the domain of 
mechanics has been developed which includes (1) the use of content knowledge 
(UoCK) for solving classical physics test items, (2) the use of experiments and 
models (UoEM) for planning and interpreting experiments and (3) aspects regarding 
the nature of science and scientific inquiry as part of physicists' or physics teachers' 
professional beliefs. It was used to develop a corresponding comprehensive test and to
describe the test items by using difficulty generating item characteristics. Based on 
the introduced model, the results of an assessment with about 300 participants at 
German universities, prospective physicists and physics teachers, will be used for 
empirical verification of a model of competence levels which can be the basis of 
adequate support of university students on specific levels in the future.

The paper gives a brief summary of the model of content knowledge and proceeds 
with presenting the students' results regarding their content knowledge as well as their
ability to plan and interpret experiments. Furthermore the difficulty generating item 
characteristics as a means to define and describe competence levels are presented.

Keywords: measurement of competence, physical content knowledge, model 
development, difficulty generating item characteristics

INTRODUCTION

In recent years the disappointing results of large scale assessments like PISA or 
TIMSS have led to a rise of interest in teachers' education. While several studies deal 
with a general approach on teachers' or prospective teachers' competence (e.g. Riese, 
Vogelsang, & Reinhold, 2012; Borowski et al., 2012) several problems concerning – 
among others – the acquisition of physics content knowledge (CK) can be observed. 
This is problematic because CK can be shown to be an essential requirement for 
acquiring pedagogical content knowledge (PCK) and thus for sophisticated teaching 
(Riese et al., 2012).

Based on these findings calls have risen for affirmative action concerning the learning
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CK that should be based on a precise and sophisticated diagnose of the learners skills 
and problems in this field. Unfortunately the available test instruments often only 
cover physics on school level (which is to narrow when it comes to teachers), some 
even lack empirical verification. The few instruments on university level only provide
sum scores which do not allow for a detailed individual analysis which would be 
needed for such intervention.

Consequently the objective of this project is to build a theoretical model and a test 
instrument which enable us to describe students' abilities in the field of physics CK in 
terms of competence levels, i.e. in terms of a characterization of solvable and non-
solvable tasks.

THEORETICAL FRAMEWORK

The basic framework used in this project
(cf. Woitkowski, Riese, & Reinhold, 2011)
is provided by Riese's model of teacher's
professional action competence (cf. Riese
et al., 2012)  which itself is based on the
works by Weinert (2001) and Baumert et
al. (2010). Teachers' professional
competence is a compound of cognitive
abilities (professional knowledge
consisting of CK, PCK and PK in
accordance to the works by Shulman,
1986) and motivational, volitional and
social components (of which belief
systems concerning epistemology and
good teaching practice as well as
motivational orientations towards physics are of interest in this project).

Our primary focus is on content knowledge (CK) and secondary on beliefs. Both parts 
of the framework are applicable for prospective physics teachers and prospective 
physicists as well.

Within the scope of this project CK itself is divided into the use of content knowledge 
(UoCK), the use of experiments and models (UoEM) which resemble a categorization 
established by the German Conference of the Ministers of Education and Cultural 
Affairs (KMK, 2005). Additionally Nature of Science and scientific inquiry 
(NOS/NOSI) is added in accordance to the theoretical Framework by Mayer (2007).

Both submodels describing UoCK (Fig. 2) and UoEM (Fig. 3) use the model of 

Figure 1. Basic Framework (cf. Baumert et al., 2010; 
Weinert, 2001)

Figure 2. Use of Content Knowledge 
(UoCK; Woitkowski et al., 2011)

Figure 3. Use of Experiments and Models 
(UoEM; Woitkowski et al., 2011)
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hierarchical complexity of tasks (Bernholt & Parchmann, 2011; Commons, Trudeau, 
Stein, Richards, & Krause, 1998). The UoCK sub-model furthermore uses the 
definition of physics on a deeper level of understanding (Klein, 1933/1968; Schmidt 
et al., 2007; Krauss, Baumert, & Blum, 2008). The UoEM differentiates between 
experiment space (i.e. choosing or planning experiments) and hypothesis space (i.e. 
evaluating evidence) as an adaptation of the SDDS model (Klahr, 2000).

The whole model concentrates on mechanics as the underlying physical content to 
allow for an early use of the developed test with students' of the first physics course at
university. Furthermore knowledge in mechanics is known to be a good predictor of 
knowledge in other areas of physics (Friege & Lind, 2004). A rise of knowledge in 
physics can be observed throughout the whole university course (Riese, 2009; 
Woitkowski, Riese, & Reinhold, 2012).

HYPOTHESES

The main hypotheses deal with the description of item difficulty within the described 
model. These relations could be used to define and analyse competence levels during 
the further process.

H1 Item difficulty can be predicted with the primary factor of its complexity. (cf. 
Bernholt & Parchmann, 2011; Commons et al., 1998)

H2a Item difficulty of UoCK items also depends on the subject level where items 
using knowledge on a deepened level are more difficult (secondary factor).

H2b Item difficulty of UoEM items also depend on the SDDS space where items 
operating on the experiment space are more difficult (secondary factor).

Further hypotheses can be postulated that deal with the acquisition of competence, i.e.
the growth of knowledge and appropriate beliefs, during the course of study at 
university.

H3a The ability in UoCK is mainly build up according to the factors time on task,
intelligence, gender (corresponding with self-concept and self-efficacy 
expectation).

H3b The ability in UoEM is build up the same way.

H4 Adequate beliefs concerning NOS/NOSI correlate with high abilities in 
UoEM.

TEST INSTRUMENT

For our investigation we used a 90 minute paper-pencil-test consisting of a 
demographic part, three out of ten blocks of items forming a multi-matrix design and 
some Likert scales concerning the test person's beliefs on physics and physics 
education.

Each of the ten item blocks consists of 6 to 7 items testing UoCK ordered by 
ascending difficulty according to the pre-test, furthermore 3 items testing UoEM and 
2 items from Neumann's (2011) NOS/NOSI-test. With a partially balanced incomplete
block design (cf. Hartig, 2008) we get 10 different test books of which several ones 
are distinct e.g. allowing pre-post-studies.

The demographics cover several aspects of the taken course of study, time on task 
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(hours in lectures and tutorials as well as in the labs), previous knowledge (maths and 
physics courses at school, exam grades), physics related hobbies, content of prior 
instruction (questions of the form “Do you remember having dealt with the following 
topics as school or university?”).

The beliefs and motivations block at the end of the test uses Likert scales adapted 
from Riese (2009) and Lamprecht (2011).

The items of the test instrument were piloted in 2011/12 with 100 students at the 
university of Paderborn. About half of them prospective teachers. A detailed report of 
the results of the pilot study can be found in Woitkowski, Riese, and Reinhold (2012).

Additionally the item quality was checked by 4 individual experts, 3 of them 
educational researchers, 1 practising teacher. Two example Items can be found in 
figure 4and 5.

Which of the following is incorrect?

✗ Forces can act attractively or 
repulsively.

✗ Some forces are stronger than 
others.

✗ It's important to know the 
direction of a force to predict its 
effect.

✔ The faster an object moves the 
more force it has.

Figure 4. Example Item for the UoCK scale (deepened level, forces, facts).

You want to test the lever rule 
using a see-saw. Two kids take 
seat on the see-saw, their mass 
and distance from the support 
point are measured.

Measured data and measurement
errors are provided in the table 
for two settings.

A student argues that lever times 
leverage is equal in the first 
setting and unequal in the setting 
thus breaking the lever rule..

Discuss whether these results 
contradict the lever rule.

Figure 5. Example Item for the UoEM scale (hypotheses, forces, linear causality).
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SAMPLE

At the time of the conference 295 students from 9 German universities had taken part 
in the test between November 2012 and July 2013. Data from other universities will 
be available during the further ongoing of the project. Thus we will only report 
preliminary results here.

About one third of the participants are prospective physics teachers (12.5% lower and 
21.7% higher secondary school), 37.3% undertake bachelor or master studies in 
physics. The others do their minor studies in physics or take older diploma courses.

27.5% of the sample are female students. The mean semester is 2.8 (SD=2.24).

PRELIMINARY RESULTS

The participants' answers were coded by trained coders using detailed codebooks to 
ensure maximum objectivity.

With these answer codes a one-dimensional Rasch model (M1) covering UoCK and 
UoEM and a two-dimensional Rasch model (M2) separating both parts of the test was
estimated. Table 1 shows the model parameters and the result of an χ²-Test which 
indicates a better fit of M2 which enables us to analyse UoCK and UoEM separately.

Table 2 gives an overview of the quality of
M2. The UoCK scale shows a very good and
the UoEM (probably because of the much
lower item count per person) weaker but still
acceptable quality. The latent correlation is
acceptable considering that the sample
consists mainly of physics students who
should acquire competence of both types
simultaneously. Wright-maps of both scales
can be found in figure 6.

For the NOS scale we observe a much weaker
quality – mainly due to too little variance in
the sample and a very low reliability (possibly
as a consequence of the lower item count and
the differing target audience in comparison to
the original test used by Neumann, 2011). This
renders the results of this test part mostly 
unusable at this time.

Table 1

Model Comparison

M1 M2

Dimensions 1D 2D

Final Deviance 10547 10516

Param. count 119 121

***

Table 2.

Quality of Scale (M2).

UoCK UoEM

Item Count 87 31

Variance 1.322 0.706  

EAP/PV-Reliability 0.789 0.511  

Latent Correlation 0.884  

Figure 6. Wright Maps of UoCK and UoEM scales.
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Item Difficulty (Hypotheses H1 and H2)

Both for UoCK as well as for UoEM items we see a clear correspondence between an 
item's complexity and it's difficulty as obtained from the Rasch analysis. Figure 6 
shows highly significant differences in difficulty within UoCK items grouped by their
hierarchical complexity. For UoEM items we only see significant differences between
steps spanning two levels of complexity – possibly due to the lower item count of this 
scale. We thus can accept hypothesis H1.

When evaluating the impact of the items' subject level one can observe some hints for 
a higher difficulty of UoCK items on the deepened level. However none of the group 
differences is significant due to the small group item count. A more deeply analysis 
could probably lead to accepting hypothesis H2a.

Lastly Hypothesis H2b, predicting a correspondence between an UoEM item's SDDS 
space and its difficulty can clearly be rejected – we did not find any systematic 
relationship.

Acquisition of Knowledge (Hypotheses H3 and H4)

To get a first idea about the factors leading to a build up of the two tested facets of 
content knowledge a linear regression analysis was calculated. To test the Hypotheses 
H3 and H4 three main predictors were used:

Gender: This factor can be shown to be connected to a persons self-concept 
and perceived self-efficacy (Riese & Reinhold, 2012). This item was
coded 0 for “Female” and 1 for “Male”.

Time on Task: We asked the participants for the hours the students have spend – 
according to their study regulations – on courses in physics in 
general as well as hours of lab work in physics.

A Level Exam: We use the grade in the person's A level exam (Abitur) as an 
indicator for their general cognitive ability. Lower numbers on this 
scales represent better exam grades.

Education: Further Indicators were derived from the formal education, i.e. the 
participants had to mark whether they did take their A levels in 
physics and/or in maths and what grade they got in these subjects 
their last time at school.

Figure 7. Item difficulty grouped by their hierarchical complexity.
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A linear regression analysis which took the persons' abilities as derived from the 
Rasch analysis as the explained variable and the aforementioned predictors gives the 
results shown in Table 3 and 4. For both scales a first model considering only gender, 
A level exam and time on task and a second model for which the formal educational 
markers were added are shown.

The regression on the UoCK scale
mainly resembles the results found by
Riese and Reinhold (2012). We get
highly significant coefficients for all
three predictors in Model 1 and for
three more indicators of formal
education in Model 2 (see table 3).

Further analysis shows that only few
of the belief and motivational
orientation scales – mainly enthusiasm
towards experimenting and general
achievement motivation –  play a
relevant role in this area.

By far more interesting – due to less
empirical knowledge in this field – are
the results of the linear regression for the UoEM scale (see Table 4).

A first model consisting of Gender, A
level exam grade and lab time explains
21% of the whole variance. A similar
model with the overall time on task
instead of the lab time shows a similar 
R² but seems weaker in further
analysis. A second model which takes
the formal education in consideration
makes up for a significant
improvement. However, both UoEM 
models show much lower R² than the
regression analysis for UoCK (table 3).

In consequence to this analysis we can
accept Hypotheses H3a and H3b.

As a short note we do not have any valid data concerning Hypothesis H4 at this stage: 
A low variance and reliability of the NOS scale does not allow for reliable analysis of 
the data. We do not find a significant correlation between these two scores (r=.08, 
p=.17) which might improve as more cases are added. Further analysis could be based
on the belief scales used in the test which are not heavily analysed by now.

Additional analysis is will be done with the participants' physics related hobbies as 
well as their prior instruction's content do investigate probable opportunities for 
informal learning.

Table 4

Linear regression coefficients (UoEM)

Model 1 Model 2

Gender ,182  ** ,181  ***
A Level Exam Grade −,257  *** −,126  n.s.
Lab Time (Hours) ,328  *** ,262  ***

Maths Grade (School) −,202  **
Physics Exam (School) ,156  **

Improvement sig. (p) *** ***
Explained Variance (R²) 21,4% 27,0%

Table 3

Linear regression coefficients (UoCK)

Model 1 Model 2

Gender .287  *** .261  ***
A Level Exam Grade −.433  *** −.325  ***
Time on Task (Hours) .273  *** .162  **

Physics Grade (School) −.175  **
Physics Exam (School) .222  ***
Maths Exam (School) .139  **

Improvement sig. (p) *** ***
Explained Variance (R²) 37.2% 47.1%
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RÉSUMÉ

A test instrument, based on the structure model of the physics content knowledge in 
the domain of mechanics, has been developed and was used to test 295 students so far.

The developed test shows good (UoCK) to acceptable (UoEM) quality criteria and 
can be used for undertaking a differentiated and detailed analysis of university 
students' content knowledge in the tested areas.

The supplemental NOS/NOSI-Test does not work well with this sample but the used 
belief scales might shed some light on the students' epistemological understanding.

The collected data will be used to generate and analyse competence levels with a 
theory based approach (cf. Kauertz & Fischer, 2006; Bernholt & Parchmann, 2011), 
i.e. in terms of characteristics of solvable and non-solvable tasks characterizing the 
participant's abilities and thus building a basis for adaptive supporting means.

Further separation of the different cognitive traits in the model is of interest: Are 
planning experiments and interpreting experimental results the same trait or does the 
data allow for other differentiation within the field of the use of experiments and 
models?  How is physics on a deepened level learned and how is it connected with 
knowledge on school or university level?
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INTEREST AND LEARNING IN BOTANICS, AS 
INFLUENCED BY TEACHING CONTEXTS 
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Abstract. Knowledge concerning flora and fauna species is a prerequisite for the development 
of a meaningful relationship between human beings and their environment and, on a 
conceptual-procedural competence level, results in the informed management of biotopes and 
ecosystems. However, graduates generally have little interest in flora, the ecological 
producers responsible for much of our livelihood. The understanding of nature and 
biodiversity throughout the general populace in Germany is currently not sufficient to 
guarantee sustainable modes of action and environmental conservation in Germany (Nature 
Awareness Study). What didactic organization of botanics training courses can serve to 
stimulate the situational interest (interestedness) and competence of future teachers with 
regard to botany? Previous research studies have shown that, in comparison with other topics 
(e.g. zoology, human biology), there is likely to be little lasting interest in botany topics. The 
low level of interest for botanics exhibited by both teachers and students, the insufficient 
knowledge accumulated by graduates, and the lack of interest in achieving effective 
sustainability all interact to create a "vicious circle". To disrupt this circle, a teacher training 
course based on practical contexts, hands-on science, and interaction with nature and specific 
species was developed by taking into account the theory of intrinsic motivation. Over the 
course of a semester, knowledge acquired by student teachers increases significantly. Interest 
generated through context-oriented organization can be high, while stress and effort are low. 
However, the resulting long-term personal interest may increase only slightly. 

Keywords: Biodiversity, Botanics, Lerning in contexts, Motivation, Interests 
 

INTRODUCTION 

Biodiversity in the Context of Sustainable Development Education (SDE) 
Ekardt (2011) has defined sustainability as a long-term and globally maintainable way of life 
and economic activity. Sustainable development education (SDE) is concerned with the 
manifold ways in which human activity interacts with nature. A large number of international 
programs, as well as national strategies within Germany, have been implemented for the 
preservation of biodiversity.  

The emphasis on human activity within the concept of species knowledge is reflected in its 
definition as biotope management (Blessing & Hutter, 2004; Hutter & Blessing, 2010). Thus, 
species knowledge is much more than the simple learning of the names and characteristics of 
individual organisms; it means achieving the highest level of conceptual and procedural 
competence (Bybee 1997, Weinert 2002) involving human interaction with species in real 
situations and the sustainable management of biotopes and ecosystems.  

While the loss of animal species may be more readily apparent, plants and other organisms 
also suffer from accelerated extinction: “…plants form the basis of most animal habitats and 
all life on earth, although animals frequently steal the spotlight when the specter of extinction 
is raised” (Wandersee, 2001). Successful SDE-oriented education programs have been 
examined in an initial series of empirical studies (Ramadoss & Poyya, 2011; Hagenbuch et 
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al., 2009; Kostova, 2007; Jahnke, 2011; Schaal et al., 2012). Research studies demonstrate 
that frequent work in the field as well as active learning in school via inquiry-based study of 
species and their diversity can promote increased appreciation of the richness of species and 
its importance (e.g. Lindemann-Matthies, 1999, 2002). 

 

Awareness of Biological Diversity and Knowledge of Species 
In a representative national study carried out in Germany in 2009, Rädiker and Kuckartz 
(2012) examined awareness concerning biological diversity in terms of three components: 
knowledge, attitude and behavioral willingness. In this so-called nature awareness study with 
2000 subjects, knowledge about biological diversity was identified as the “bottle neck”, 
although an increase in knowledge alone is not sufficient for a change in behavior with regard 
to biodiversity. In 2009 only 22% of the German population met the test's criteria for the three 
components listed above, as required for the realization of the national strategy for 
conservation of biodiversity.   

Results of other research projects concerning knowledge of species proved to have a sobering 
effect. For example, Klingenberg & Brönnecke (2011) found that more than half of the tested 
adults could not correctly identify the leaves of trees such as beech (Fagus sylvatica) or linden 
(Tilia) and, therefore, concluded that only a minor degree of cumulative or cross-linked 
knowledge had been generated.   

The term plant blindness has been introduced to indicate lack of primary knowledge 
concerning local plants (Wandersee, 2001). According to their theory plants represent an 
anonymous green mass which normally does not move, look at us through eyes or threaten us. 
Thus, plants tend to generate little interest (Wandersee 2001, Hershey 1996). Interest in plants 
is significantly lower than interest in animals or human biology (e.g. Löwe, 1992; Vogt et al., 
1999), as confirmed by the international Relevance of Science Education (ROSE) study 
involving 15-year-old students in Europe. 

If teachers wish to introduce biodiversity and environment protection in an enthusiastic 
educational program, then it is imperative that they themselves possess the necessary interest, 
knowledge, and didactic competence (pedagogical content knowledge, PCK). In any event 
general requirements for successful teaching are solid professional skills and knowledge, 
personal charisma, and authenticity (Wilhelm, 2007). 

Empirically, three main types of biology teachers have been identified and can be 
distinguished on the basis of their attitude toward biology science and education: the 
conventional practitioner, the innovative professional, and the innovative pedagogue 
(Neuhaus & Vogt, 2005). 

 

Didactic Design Possibilities 
What elements of instruction stimulate the situational interest of student teachers in their 
confrontation with the subject material? Studies have shown that context-oriented instruction, 
i.e., learning environments embedded in situations relevant to students, leads to enhanced 
situational interest and achievement (e.g. Elster, 2007). The term context is used here to 
represent a topic or aspect which is helpful in making accessible the structured knowledge and 
domain-specific systematics of a particular area of science. These contexts must be chosen to 
encompass a representative segment of the concepts involved in the natural sciences. 
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Interest and Interestedness 
The person-object theory of interest developed by Krapp & Prenzel (1992) differentiates 
between situational interest (interestedness, an often temporary state) und a more lasting 
individual or personal interest (as a general personal trait). Interests are assumed to be specific 
person-object relationships which emerge from an individual’s interaction with the 
environment (Krapp, 2005). Interest consists of intrinsic emotion- and value-related valences 
(Schiefele & Krapp, 1996). Many studies showed an important influence of interest on the 
level of learning, academic performance and the quality of learning experience (Schiefele et 
al., 1993). Self-regulated learning can improve the intrinsic motivation (cf. Deci & Ryan, 
1985, 2000). 

Previous research has frequently highlighted that an inquiry-based approach and field work 
are important and essential elements of teaching and learning about biodiversity and ecology. 
(e.g. Ramadoss & Poyya Moli, 2011; Schaal et al., 2012). 

 

RESEARCH QUESTION AND RATIONALE 
In view of the fact that the level of interest exhibited by teachers will have a significant 
influence on the learning process for students, it is important to clarify how prospective 
teachers themselves can become interested in the local flora and what are their dispositions 
toward botanic subject material.   

What didactic design will be found to be interesting for the participants, at least for the 
moment? Which factors are suitable for generating a high level of learning motivation? In 
short, what didactic design promotes interestedness? 

Our hypothesis is that context- and problem-oriented learning situations promote 
interestedness and that there is a strong correlation between intrinsic motivation and the 
degree of self-determination or autonomy.   

Modulation of interest will be a slow process but temporary interestedness can be converted 
to lasting personal interest.  

Our hypothesis is that the depth of species knowledge will increase, and that the relevant 
terminology will be learned despite context orientation. But  we suspect, that  a context-
oriented seminar design will not achieve equal levels of interestedness or acquired knowledge 
for all participants. 

 

METHODS 

Research Study Design 
The study described below was carried out over the spring/summer semester 2012 at the 
University of Education Heidelberg, Germany. Subjects of the study were student teachers 
who were being trained as biology teachers. Their mean age was 22 years.  

The study was organized with a classical before-after design to assess lasting interests and 
knowledge gained through the intervention provided by a series of 10 seminars.  

It was shown that the self-assessment of students with regard to their open responses to 
known plants (free naming of species) can be trusted. Subjects were asked to list the names 
species that were known to them, and they could correctly name these species, but not others, 
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when viewing original samples (Jäkel & Schaer, 2004). Thus, the free naming of plant species 
which were recognized outdoors during the walk to the University, for example, served as an 
indicator of species knowledge.   

The subject’s knowledge of concepts and terminology was also measured by self-assessment 
in before-after testing. A good correlation (Spearman’s rank correlation ρ) between actual 
knowledge and self-assessment was previously found for human biology (Jäkel, 2012) and 
botanics.  

In a preliminary test all subjects were asked to assess their knowledge of plant species and a 
variety of technical terms (xylem, epidermis, anthocyanin, chlorophyll, sorus, etc.). 

At the beginning of this study the student teachers filled out a questionnaire designed to 
measure their interest in a variety of biological topics such as human biology, botany, 
zoology, molecular biology, ecology, conservation, etc. (n = 22 items, Cronbach’s α = 0.856). 
For comparison, the questionnaire was repeated 14 weeks later after completion of the 
seminar series. 

In addition, after each seminar (two hours per week) a short questionnaire for the 
measurement of intrinsic motivation (Deci & Ryan, 2000) was employed (validity given by 
Cronbach's α > 0.719).  This instrument assesses participants’ interest/enjoyment, perceived 
competence, effort, value/usefulness, experienced pressure and tension, and perceived 
autonomy while performing a given activity.   

Table 1 

Botanics Course Content, 2012 

Seminar 
Nr. Date 

Topics 

1 26.04. Introduction into the field of botany with two examples: bear’s garlic (Allium ursinum) and 
anemone. Fundamentals of plant and flower morphology. 

2 03.05. Presentation of examples of two plant families: Brassicaceae, Lamiaceae. 

3 10.05. Presentation of the red campion Silene dioica as an example of a dioecious plant; use of a 
magnifying glass to study the seeds of several Caryophyllaceae; plants organs and 
identification; anthocyanin as flavanoid pigment in vacuoles of red onions; examination of the 
stinging hairs of the nettle (Urtica dioica). 

4 24.05. Identification of plants from Fabaceae family; familiarization with various legume fruits. 

5 14.06. Microscopy of vascular bundles in maize (Zea mays) and the genus Ranunculus, as examined in 
fresh and fixed cross sections of stems. 

6 21.06  Presentation of self-devised didactics for the theme light and plants; testing with school 
children, age 8 – 15, under outdoor learning situations. 

7 28.06. Evaluation of the teaching situations from the previous week; introduction to the family 
Asteraceae: plant pigments; plant identification. 

8 05.07. Introduction to the carrot or parsley family Apiaceae (Umbelliferae): identification of examples, 
examination of seeds with a stereo magnifier, sensory tests (taste and odor). 

9 12.07. Introduction to gymnosperms: presentation of leaves and seed cones from native conifers. 

10 19.07. Microscopy of wheat grains; study of other grains or fruits; extraction of gluten from wheat 
flour. 
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A problem- and inquiry-oriented style was adopted for the course work. The seminar included 
activating self-determined exercises as well as direct instruction. The use of a dichotomous 
identification key, for example, was introduced with a collectively discussed example. Basic 
biological techniques were learned through appropriate examples, e.g., the use of special 
literature for the identification of plants. The result of a previous study was applied here, 
namely, that biodiversity can be better understood through the study of a small rather than a 
large number of species (“less is more”). Instruction alternated with autonomous study.   

The application of microscopy, in particular the preparation of drawings, has proven to be 
unpopular among students. Motivation can be increased when microscopy alternates with 
other methods (Jäkel, 2012).   

The series of seminars outlined in Table 1 integrated a broad range of contexts (edible plants, 
tasting of spices, phenomena with an “aha” effect, interesting “horror” stories, etc.) and 
alternatives (cf. Jäkel, 2005), indoor study and outdoor excursions, and a didactic design 
exercise for the teaching of school children.  The student teachers were given the opportunity, 
with a large degree of autonomy in content and methods, for developing “light and plants” 
didactics for small groups of school children. Constructive feedback was provided to the 
student teachers frequently during their planning phases and after sessions with the school 
children. 

 

RESULTS AND DISCUSSION 
In the following all statistical analyses were performed using IBM SPSS 20. 

Which activities lead to the best results in the Intrinsic Motivation 
Inventory (IMI)? 
The results for the Intrinsic Motivation Inventory (IMI) (Deci & Ryan 2000) obtained after 
each of the ten seminars listed in Table 1 are summarized in Figure 1 (total of 9 items, 
Cronbach’s α = 0.719).   

The results show for each seminar date that the perceptions of interestedness, competence, 
and autonomy were relatively high (3.5 – 4.5) while the stress factor remained relatively low 
(1.5 – 2). This does not necessarily mean that long-term levels have been developed in the 
person-object relationships. Interest research (Löwe, 1992) has shown that generally at the 
beginning of a new learning phase interestedness is high and declines somewhat during the 
learning period. This behavior is apparent as a minor trend for the periods of seminars 1 – 5 
and 6 – 10, whereby the downward trend up to seminar 5 is broken by a surge in 
interestedness with the particularly demanding seminar 6. Seminars 3 and 8 also represent 
minor exceptions to the downward trends, whereby interestedness was stimulated by the 
introduction of a magnifying glass or stereo magnifier for examining exotic structures (e.g. 
seeds from Caryophyllaceae) or the use of taste and smell as sensory inputs (fruits and leaves 
of herbs and legumes).  

The levels for the three indices interestedness, competence, and autonomy all reached their 
highest levels for the challenging seminar 6. In this case the student teachers were asked to 
design a didactic program in botanics with the theme “Light and Plants” and to test this 
program with school children, outdoors in the University’s ecological biotope (hands-on 
science) on June 21 (summer solstice). Thus, the perception of autonomy reached a maximum 
due to the requirements of designing a teaching program and using it to generate motivation 
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and interest in others. The prospective teachers were challenged in a direct career-oriented 
manner; therefore, their perceived competence also reached a maximum level.  

The identification of species using the expert literature (e.g. seminar 4) proved to be less 
popular because it is tedious and difficult to learn. However, competence in this area is of key 
importance for biotope management and science-oriented teaching. A low level of autonomy 
and the lowest levels of competence and interestedness were found for seminar 5, the   
examination and comparison of vascular bundles in plant stem cross sections. Other practical 
but more problem-oriented microscopy exercises received higher ratings, e.g. seminar 3, the 
study of nettle stinging hairs or pigment in red onions. This situation is analogous to that 
known for microscopy in the context of human biology (Jäkel, 2012).  

 
Figure 1. Analysis of the IMI questionnaires for seminars 1 – 10 (Table 1); vertical scale 
shows mean response (n = 66 – 82) on a 5-point Likert Scale: 1 (no agreement) to 5 (full 
agreement). Legend: four symbols are for the general categories of situational interest, 
perceived competence, perceived autonomy of the learning process, and feeling of stress. 

 

Discrimination of Biology Teacher Types 
It is our intention to utilize the knowledge acquired concerning the effectiveness of various 
biodiversity learning situations for the improvement of the education and advanced training of 
biology teachers. 

With regard to biology as a science, biology instruction and school in general, there are, 
according to Neuhaus & Vogt (2005), various types of biology teacher, among them the 
pedagogic-innovative type, who chooses to primarily stimulate active, self-motivated learning 
among school children. Up to now a discrimination between teacher types has not been made 
with respect to their interest in particular biological subject areas. If these types exhibit 
different long-term interests in botanics, for example, then it is necessary to investigate 
whether or not the various teacher types profit in a similar way from problem- or context-
oriented learning.  

1
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Figure 2 presents the results of an ordinal multidimensional scaling (MDS) analysis 
concerning interest in six fields of biology, as expressed by the subjects of our study. The 
students were asked to fill out a self-assessment questionnaire containing 22 items, and 
related responses (rankings) were appropriately combined to generate a set of indices 
representing interest (see Methods). In the two-dimensional plots shown the distances 
between the various fields (object points) represent proximities in terms of interest.  

Initially, students with a strong interest in botany also tended to be interested in ecology and 
field biology, while other students expressed a predominant interest in either zoology, human 
biology or molecular biology. Following the seminar series, the basic clustering of interests 
did not change significantly. In future studies it will be of interest to determine whether or not 
all pre-service biology teacher types according to Neuhaus & Vogt (2005) can benefit from 
context-oriented education in botanics and how the learning process in this domain can be 
optimized for the various types.   

 

 
Figure 2. Multidimensional Scaling (MDS) analysis of student teacher interest in various 
areas of biology (PROXSCAL, SPSS), comparing results of  pre-test questionnaire (A) and 
post-test questionnaire (B) after seminar series.  

Did Interest in Botanics increase? 
The results summarized in Table 2 indicate that the interest of students in six fields of biology 
did not change in a statistically significant manner over the 14-week period of this study. For 
each field the mean pre- and post-test scores differed by less than the standard deviation. 
However, the mean scores for botany, ecology, and field biology did exhibit the largest 
decreases (increase in interest) in comparison with other areas. In particular, botany had the 
lowest pre-test interest (rank 6) but improved to rank 5, ahead of molecular biology, for the 
post-test evaluation. Thus, although the relatively short intervention (seminars of  Table 1) 
resulted, on the average, in an improved interest in botany, ecology and field work, the effect 
or success of the program was not statistically convincing. 
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Table 2 

Pre- and post-test measures of interest in six biology fields: mean (SD) of summed indices. A 
total of 22 items were evaluated (Cronbach’s α = 0.856) on an 8-step scale of agreement (1 = 
highest, 8 = lowest).  

 Botany Zoology Human 
Biology 

Molecular 
Biology 

Ecology & 
Environment 

Field 
 Biology 

Pre-test 
(n = 70) 

3.68 (1.63) 2.52 (1.46) 2.65 (1.69) 3.64 (1.57) 3.43 (1.65) 3.21 (1.69) 

Post-test 
(n = 62) 

3.33 (1.51) 2.35 (1.07) 2.90 (1.60) 3.63 (1.54) 3.02 (1.29) 2.81 (1.33) 

  

Cognitive Growth Resulting from the Botanics Study Module 
The intervention represented by the botanics seminar series resulted in a significant 
improvement in the students’ ability to recognize specific plants outdoors along their route to 
the University. The comparison of pre- and post-test data obtained 14 weeks apart showed 
clearly that after intervention the number of taxa listed by the students as a group increased by 
a factor of 2.5 and identification was more precise (see Table 3). The post-test list contained 
completely different plant families or individual species of local wild plants as well as the 
genus Arum with its characteristic funnel-shaped flower. The student teachers were also asked 
to designate which plants they found interesting. (see Table 4). Typically, children and 
novices will be interested in those plants which present noticeable or exotic features. This was 
also the case for our pre-test student group. Furthermore, several plants that were initially not 
recognized were termed post-test as interesting, e.g., Arum maculatum, Daucus carota or 
Cichorium intybus.  
Table 3 

Recognition of plant species outdoors by pre service student teachers along their way to the 
University. 

Pre-test (n = 81),  33 Taxa Post-test (n = 66),  84 Taxa 

Plant Number of 
Students 

Plant Number of 
Students 

Clover 10 Dandelion 25 

Daffodil 8 Daisy 15 

Cherry 15 Chicory 33 

Birch 10 White Clover 16 

Dandelion 60 Wild Carrot 12 

Daisy 44 Ribwort Plantain 5 

Tulip  31 Brown Knapweed 8 

& others  Fleabane 5 

  Red Clover 5 

  Common Ragwort  
& others 

3 
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Table 4 

Plants designated as interesting by two or more student teachers. Several additional plants 
were listed by individual students. 

Pre-test (n = 81),  33 Taxa Post-test (n = 66),  84 Taxa 

Plant type Number of 
Students 

Plant type Number of 
Students 

None 24 Composite (Asteraceae) 10 

Carnivores 7 Legume (Fabaceae) 7 

Orchids 9 Wild Arum (Arum maculatum) 6 

Roses 6 Tree 6 

Tulips 7 Medicinal 4 

Flowering 5 Chicory 4 

Poisonous 2 Mint (Lamiaceae) 4 

Medicinal 3 Mustard (Brassicaceae) 4 

Edible 3 Herb 4 

Tree 3 Sunflower 4 

Nettle 3 Wild Carrot 3 

Magnolia 3 Rose 3 

Cactus 5 Meadow Sage (Salvia pratensis) 2 

Early Flowering 5   

Dandelion 3   

Cherry 2   

 

Nearly all of the student teachers assessed their knowledge of botanic terminology (cell or 
tissue types, cell organelles, contents of organelles) as significantly improved following the 
seminar series (see Table 5). While conclusions concerning specific learning situations are not 
possible, it is apparent that the basic organization with context-oriented didactics and 
emphasis on human utilization of natural resources exerts a positive influence on the learning 
process for topics in botany and biodiversity. Following the seminars the student teachers felt 
more competent in these fields so that they are more likely to employ similar inquiry-based 
approaches in their own teaching careers. 
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Table 5 

Students’ self-assessment of knowledge of botanic terminology (Likert scale: absolute number 
of responses). 

 Anthocyanin Xylem Chloroplast Epidermis 

 Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test

Never heard 49 2 39 1  1 1 1 

Heard, cannot 
define 

24 1 23 2 1  13 2 

Have idea of 
meaning 

4 7 9  33 8 28 6 

Can definitely 
explain 

1 51 7 57 44 52 36 52 

 

CONCLUSION   
Learning methods which included responsibility and experience in outdoor field activities 
resulted in the highest degree of situational interest. In this study, a combination of indoor and 
outdoor activities was employed for cognitive background. We have shown that a context-
orientated design of training in botanics can stimulate interest in plants, a prerequisite for 
success in establishing sustainable development. However, further positive interventions are 
necessary to achieve a long-term change in personal interest in botanics. 
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Abstract: The paper addresses the initial training of science teachers on the about the 
nature of science (NOS) topics, that is to say, issues about how science and 
technology (S&T) validate their knowledge and practices, and how they work in 
today's world. A case analysis of a male Chemistry-graduate, who is enrolled in his 
initial training to become high-school science teacher, is presented. The training 
model follows the steps of a test-retest longitudinal quasi-experimental design. The 
student teacher performs some explicit, reflective, pedagogical content knowledge-
based learning activities on some NOS teaching materials about a specific NOS issue: 
decision making on scientific research. He designs a teaching learning sequence on 
the issue and writes a personal reflection about his answers to the assessment 
instrument and especially on his changes between pre and post assessments. The 
effects of the training model on teacher’s NOS beliefs are evaluated through a 
standardized assessment instrument in a pre-post design. The results show the specific 
aspects where the teacher got highest improvement in his understanding of NOS; 
further, his personal reflections and qualitative justifications about his responses and 
changes are also displayed and analyzed. Finally, the feasibility and the 
generalizability of the initial training model for science teachers are discussed.  

Keywords: Nature of science; teacher training; assessment; science and technology 
literacy; key competence in science. 

 

INTRODUCTION 

The importance of the nature of science (NOS) – knowledge “about” science - for 
science education stems from the wide consensus on considering it a core content of 
scientific literacy for all (Hodson, 2008; Millar, 2006; Osborne, Collins, Ratcliffe, 
Millar & Duschl, 2003). NOS embodies the innovative knowledge “about” science or 
ideas about science (science as a way of knowing), which enlarge the traditional 
curriculum contents (facts, concepts, theories, laws) or knowledge “of” science.  

The research on the assessment of NOS conceptions shows that teachers hold an 
eclectic collection of views which deviate from the current scholars’ views of NOS. 
Teachers do not understand the role that theories, hypotheses, laws, the scientific 
method, models, creativity, and tentativeness play in scientific knowledge, and do not 
distinguish science and technology. Furthermore, the teachers’ inadequate NOS 
conceptions are confirmed and coherent across different research methods, countries, 
and age groups, leaving no room about the severity of the problem (Bennássar, 
Vázquez, Manassero & García-Carmona, 2010; García-Carmona, Vázquez & 
Manassero, 2011; Lederman, 2008). Since no one can teach what one does not master, 
teacher training on NOS is a corner stone to consistently improve NOS science 
education (Mellado, 1998; Tsai, 2007). 
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On the other hand, the literature on teaching NOS effectively also suggests two key 
conditions to achieve effective NOS teaching (Acevedo, 2009; Deng, Chen, Tsai & 
Chai, 2011; Lederman, 2008): 

a) Teaching NOS explicitly (planning all the elements of the NOS curriculum) 

b) Conducting reflective metacognitive activities on NOS for students (exploration, 
analysis, debate, discussion, conclusion, argumentation, etc.). 

Nowadays the reforms of science education around the world have implemented NOS 
issues as innovative curriculum contents. The pre-college teaching of NOS contents 
prioritizes teaching and assessing feasible understandable ideas over deep complex 
ideas, or particular philosophical standpoints. The aim of learning NOS in pre-college 
science education is making the students able to understand the basics of how science 
works, lending them solid foundations on which to base their decision making in 
personal and social settings, and responding to the key role of  NOS in scientific 
literacy. In a way the Next Generation Science Standards (NGSS, 2013) summarizes 
the efforts to enhance, streamline and renew the vision of the curricular NOS. NGSS 
define NOS along two levels: the features associated with scientific practices 
(scientific research, methods, scientific knowledge and empirical evidence, openness 
to revision, scientific models, laws, mechanisms and theories explaining natural 
phenomena), and the global suppositions of scientific knowledge (form of knowledge, 
human enterprise, assumption on order and consistency for natural systems and 
limitations to the natural and material world).  

Consequently, the NOS topics should also be a part of science teacher education 
overcome their inadequate NOS beliefs and to better prepare them to teach NOS 
(Eurydice, 2011; NRC, 1996). This paper addresses the effectiveness of a teacher 
training model on NOS by analyzing the case of a high-school science teacher 
enrolled in a master degree for achieving his pre-service teacher training in Spain. The 
empirical model draws the guidelines and instruments from a larger research study 
(Manassero-Mas, Vázquez-Alonso, Bennàssar-Roig & Ortiz-Bonnin, 2013): a 
longitudinal quasi-experimental design based on setting up the student teacher’s prior 
beliefs, implementing the explicit, reflective, pedagogical content knowledge-based 
learning activities, post-assessment and final self-reflection on his answers. In this 
case, the whole research centers on the specific NOS issue about scientists’ decisions 
making on scientific research, which is based on a reading about a specific historical 
discovery event (the theoretical prediction of the existence of a new planet, Neptune). 
It is expected the teacher develops a better understanding on the issue through the 
activities and reflections (Abd- El- Khalick , 2012). 

 

METHODOLOGY 

The methodology develops the model for teacher training on NOS, which corresponds   
to a longitudinal pre-posttest design: first, an initial assessment of previous ideas 
related to the topic, then follows by the teaching-learning intervention (activities of 
analysis to design a teaching learning sequence on the subject), a post-test assessment, 
to check the changes attributable to the intervention and the teacher’s final self-
reflection on his answers. The trainee teacher is blind to the experimental design, 
since the tasks he completed are the normal activities within the master course. 

Participants  
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The student teacher (henceforth, the teacher) is a 24-year old man, who was enrolled 
in the pre-service training master for high-school science teachers and has previously 
got a degree in chemistry. 

Instruments 
The research uses two basic instruments: a didactic instrument of intervention 
(materials and activities to develop a teaching learning sequence for teaching students 
a NOS issue on the decision making on scientific research) and an assessment tool for 
evaluating the improvement of teacher’s NOS understanding. 

The documents and activities to design the teaching learning sequence (TLS) 
encompasses: a brief historical reading (see Appendix A), the description of some 
reflective activities to develop in the classroom and a lesson plan grid that contains a 
scheme of didactic categories (empty of contents).  The teacher analyses and reflects 
on the documents in order to fill in and complete the void grid of the lesson plan, so 
that the resulting product is the complete design of the TLS. 

The effectiveness of these activities to improve teacher’s NOS understanding is 
assessed through a standardized paper and pencil assessment tool: three items drawn 
from the Questionnaire of Opinions on Science, Technology and Society (COCTS), 
which is a 100-item pool that covers many NOS topics (the three items selected for 
this research are those that relate to the NOS issue in play). The COCTS is the 
Spanish version of VOSTS, an empirically developed item pool (Aikenhead & Ryan, 
1992), whose empirical reliability was analyzed elsewhere (Botton & Brown, 1998; 
Bennàssar et al., 2010). Lederman, Wade and Bell (1998, p. 610) consider the VOSTS 
a valid and reliable instrument to research positions on NOS.  

The improvement of the teacher’s NOS understanding on the central issue (decision-
making in scientific research) is assessed through three multiple-choice items (full 
text in Appendix B) that refer to the following related issues: scientific controversies 
and closure through facts (key 70221), universality of science and scientist’s 
personality (70611) and method of scientific research (90621). The stem of each item 
poses the issue through non- technical simple language style, which is followed by a 
multiple-choice format list of sentences. Each sentence is designated by a letter A, B, 
C, D ... and states a particular reason for a specific position on the issue (Manassero, 
Vázquez & Acevedo, 2003).  

The teacher rates his agreement / disagreement to each phrase on a nine-point scale 
(1-9, disagree to agree) or leaves it unanswered (blank). Each raw sentence rating is 
transformed into a homogenous, invariant and normalized index (range [-1, +1]) 
through a metric procedure that takes into account the scaling of sentences (adequate, 
plausible, naive), whose details have been presented elsewhere (Vázquez, Manassero 
& Acevedo, 2006). The index invariance warrants a common measurement meaning 
to all items: the higher (lower) the index is, the better (worse) is the amount of 
understanding, according to the current views of history, philosophy and sociology of 
science and technology. 

Procedures 
The teacher’s training experience develops through the following stages: 

a) Initial assessment (the teacher answers the assessment tool). 
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b) Experimental treatment (the teacher studies, reflects and analyses the activities on 
the TLS documents in order to fill in the elements of the void TLS grid). 

c) Final assessment (the teacher responds again the assessment tool). 

d) The teacher is given their initial and final responses to the assessment tool and is 
asked to write down a personal reflection and evaluation about his scores and 
changes. 

The effectiveness of the treatment is assessed by comparing the teacher’s initial and 
final answers according to standardized procedures for response assessment 
(Bennàssar et al., 2010), the quality of the TLS grid created by the teacher, and the 
analysis of his reflections about his own NOS thinking and shifts. Due to space 
limitations only the first and the third one are presented here.  

 

RESULTS 

This section presents the quantitative production of the teacher, which involves the 
comparisons between the initial and final assessment responses to the items and the 
qualitative personal reflection when the teacher is fed back with the results of their 
initial and final assessment responses. 

 

 

Figure 1. Average indices for three NOS assessment issues in pre-test, post-test and 
the positive improvement differences. 

 

Quantitative results 
The item scores before treatment show moderately negative mean index in two issues 
(70221, Controversies, 70611 Universality of science), which would represent a poor 
understanding of these issues. In contrast, the remaining issue (90621, Method 
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Scientific Research) shows a moderately positive average index that would represent a 
teacher’s acceptable understanding of this topic. 

Post-test mean item indices show that all three issues reach positive indices. The 
70221 issue has a positive however neutral rate average (close to zero), that would 
still represent teacher’s insufficient understanding on this topic. The issue 70611 
achieves a moderately positive average index, which represents a proper 
understanding of this topic. The issue 90621 achieves a quite positive average index, 
which would represent a pretty good understanding of this topic. 

The differences between the item averages along the three issues are positive (figure 
1). However, the item profiles to get these improvements are different: 70221 and 
70611 items progress from a pre-test negative index to a post-test low positive index, 
while 90621 item increases his positive initial mean. The greatest improvement 
appears in the issue (70611) where the teacher have got the lowest pre-test item index 
before the treatment. The difference is also relevant on the method item (90621); the 
improvement is lower in scientific controversies (70221).  

The teacher positive gain along the three issues represents an improvement in NOS 
understanding and, therefore, a positive effect of the experimental treatment applied to 
the teacher as NOS training. 

 

 Figure 2. Indices for each sentence of the three evaluation issues in pre-test, post-test 
and the improvement differences (the invisible indices correspond to near zero 
indices). 
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The same comparison analysis (between initial and final assessments) referred to the 
mean indices of each statement presents a more detailed, complex and rich data about 
the teacher’s improvement on NOS understanding along the three issues (Figure 2).  

The results show an overall profile of better final scores. Although the pattern of 
general improvement is clear, the detailed analysis in each sentence also displays the 
complexity of NOS understanding. The improvement is not homogeneous as the 
improvement magnitude is not is similar in all issues; a few sentences do not show a 
worsening profile yet. 

Eight sentences show high improvements (over 0.4), and three of them display very 
large improvements (one unit). Two of them on the scientific method (90621A, 
90621B) express naive ideas (scientific method – A - ensures valid, clear, logical 
accurate results and –B - should work well for most scientists). The third one 
(70611A) express a naive idea (the character of the scientists does not influence on 
the theory content ... because the content is based on facts and the scientific method, 
which are not influenced by personal aspects), which refers to the alleged objectivity 
of science.  

The complexity of NOS understanding is displayed in the four sentences that display 
negative differences, which represent the teacher’s worse understanding. However, 
these differences are small, except for the sentence 90621C. This sentence expresses 
an adequate idea (the scientific method is useful in many instances, but it does not 
ensure results. Thus, the best scientists will also use originality and creativity) that 
recognizes the limitations of the method and the influence of individual creativity. 
The teacher initially showed a high agreement (therefore getting a previous high 
positive index), then he has got a lower positive score later, representing a shift 
towards lower agreement on this right idea. 

Qualitative results 
The teacher was fed back with the information of their direct responses to the 
assessment items, and was asked for a personal reflection around the following 
questions: 

1. Explain the reasons for your answers on each issue. 

2. Compare your first and latter answers to each sentence, and explain the reasons for 
your changes (if your opinion has somewhat shifted). 

These are three texts extracted verbatim from teacher responses to the first question. 

70221 " …scientific decisions are based on other things than just facts. They are 
influenced by other variables such as the scientist’s personality, the logical structure 
of the theory, etc. Scientists must be as objective as possible. " 

70611 " The personality of the scientists can slightly influence the content of a 
scientific theory, because, although based on facts, they can perform investigations 
differently, getting slightly different results. In addition, the personality influences 
how facts are interpreted. " 

90621 "The scientific method is often the best choice to do a scientific work, but it is 
true that many discoveries were made by accident." 

Apparently, the comment to item 70221 does not justify the final responses and its 
low score. On the one hand, the teacher clarifies that facts are the strongest factor, and 
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on the other hand, he naively highlights the influence of personality, though he fails to 
recognize the relative influence and benefits of the person. 

The answer to item 70611 (universality) naively confirms the importance of the 
scientist personality (hinted at the previous comment), though now the teacher values 
it as "light". He recognizes its impact in experiments and interpretations, but not as 
much as it should, just because of thinking differently or biases. 

The justification of the comment to item 90621 (method) is the weakest. Teacher’s 
explanations draw a naive relationship between method and right results, and do not 
clearly account for the role of creativity, though both traits are the focus of the item. 
Instead, the teacher quotes serendipity as a confrontational alternative argument to 
scientific method. Paradoxically, this item has got the highest post-test indices.  

The second question asks the teacher to explain his changes in view of his initial and 
final answers. The following texts were extracted verbatim from teacher responses. 

70221 " My answers have not changed significantly. Only the first, so I think that 
decisions are not based solely on the facts. " 

70611 " My answers to this item have changed slightly. One can observe a trend 
towards thinking that the character influences the result. Surely, this change is due to 
class discussions have led me to see diversity of opinion in the same theories. " 

90621 " My answers seem to have changed in the sense of chance, and I just think 
yes, there have been many discoveries by chance along history. Even so, I still think 
that the scientific method has to be followed. " 

In short, the first comment suggests the teacher underestimates his learning (have not 
changed), since at least two sentences have significantly improved (70221A and 
70221E). The second comment to 70221 item recognizes some slight change, tough 
all the sentences but one show changes; however, the teacher identifies the trend of 
his change ("personality influences the outcome"), which his indices ratify. 

Despite the scientific method item (90621) has got the highest positive change, the 
teacher does not recognize the importance of its amount. Further, the teacher 
contradicts the index improvement when he insists on a naive conception about the 
scientific method ("the scientific method has to be followed ). 

In summary, the teacher’s qualitative self-analysis of responses and changes shows 
difficulties to adequately justify responses and to recognize his own changes. This 
analysis springs conflicting ideas when comparing with the positive changes found in 
the quantitative responses, which is a common fact on analyzing NOS issues. 

DISCUSSION AND CONCLUSIONS 

The activities of curriculum development (design, planning, development and 
implementation of teaching learning sequences) are basic learning for the teachers’ 
pedagogical content knowledge of science subjects in teacher training, which 
influence their educational practices (Hanuscin, Lee and Akerson, 2011; Tsai, 2007). 
In this study, some usual activities in teacher training have been organized, 
implemented and complemented with teaching reflection, to improve teacher’s NOS 
understanding on decision-making in scientific research. Together, they conform a 
teacher training model to teach NOS, whose main contribution is to combine teacher 
reflection on teacher’s NOS ideas coming from quantitative and qualitative 
assessment on a quite specific NOS issue (as opposite to wider NOS issues). 
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The empirical results obtained from the case analysis of the teacher’s initial training 
confirm the effectiveness of the explicit reflective method. Thus, this finding adds to 
the literature supporting the effectiveness of explicit and reflective NOS teaching to 
improve teacher’s understanding of NOS (i. e. Acevedo, 2009; Deng, 2011). In this 
case, the training model develops through specific action research based on a quasi-
experimental design that fulfills the need of coherent frameworks for synergistic 
research and development on NOS (Abd-El-Khalick, 2012).  

Other finding worth to mention is the tendency of teacher to not adequately explain 
his thinking and systematically diminish the self-perception of change, even though 
the changes are important in some cases. Perhaps the lack of systematic training on 
history, philosophy and sociology of science prevents the teacher to adequately 
perceive his actual changes. This sharp contrast between the quantitative and 
qualitative assessment of NOS ideas, points out to an important issue for NOS 
research: the qualitative assessments, based purely on select and interpret student-
written sentences project high risks on research (Abi- El- Mona & Abd -El- Khalick, 
2011).  

The evidence of this study shows how the teacher may shift his thoughts and 
contradict previous answers to items when responding to a written interview. Thus, 
the simultaneous use of both quantitative and qualitative methods seems 
complementary to support research on NOS. In addition , the features of this reflective 
model, which combines quantitative and qualitative responses, can overcome the two 
drawbacks mentioned by Abd -El- Khalick (2012, p. 1055-1056 ) for reflections on 
NOS, namely the difficulty of comparing actual and planned research experiences and 
the authenticity of the context for reflection, which should be set up in a learner’s 
familiar environment. 

Summing up, the study proposes a model for teaching NOS to prospective science 
teachers that is useful, as it can be easily applied by other researchers, because none of 
the materials put into play are strange or sophisticated. Further, the model is cross-
curricular as it sets up at the interface of general science training and innovative NOS 
issues. Finally, the model is comprehensive, as it also develops and is based mainly in 
the general competences of teacher training (i.e. the curricular development of 
teaching learning sequences).  

Of course, the model has some limitations and needs improvements. First, the model 
should gather additional evidences to confirm the model effectiveness to improve 
teachers’ NOS understanding. Second, the model may improve through extensions 
yet, one of this would specifically examine their efficacy for group training 
development. Third, the model should strengthen the reflective processes and foster 
growth and efficacy. For instance, the scholar feedback of the teachers’ trainer on 
teacher personal assessment results aiming to deepen reflection; the creation of a 
focus group of student teachers to discuss and elaborate on the teacher’s pedagogical 
content knowledge about NOS issues.  

 

Research Project EDU2010-16553 funded by the R + D + i National Programme of 
the Ministry of Science and Innovation (Spain). 
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APPENDIX A: HISTORICAL READING ON THE THEORETICAL 
PREDICTION OF NEPTUNE AS EDUCATIONAL MATERIAL TO TEACH 
ON DECISION MAKING IN SCIENTIFIC RESEARCH  

A new planet? 

Up to 1781, astronomers thought there were six planets in the solar system. Then an 
astronomer observed a seventh planet, Uranus. It had not been noticed before because 
Uranus is a very faint object in the night sky. Uranus is much further from the Sun 
than the other planets. 

Astronomers were able to explain and predict the motion of the planets using 
Newton’s laws of motion and gravitation. There was one problem, however. The path 
in the sky of the planet Uranus has tiny ‘wobbles’. Its motion did not exactly match 
their predictions. 

Some astronomers thought, ‘Perhaps Newton’s law of gravitation does not apply at 
very large distances from the Sun’. But Newton’s laws led to many successful 
predictions so it was hard to accept they were wrong. So many astronomers thought 
that Newton’s laws are right and there must be another explanation for the motion of 
Uranus. 
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In 1843, two astronomers, John Adams in England and Urbain le Verrier in France, 
came up independently with the same idea. Perhaps, they thought, there is another 
planet beyond Uranus — and the gravitational force of the unknown planet is 
affecting the motion of Uranus. Using Newton’s laws, both astronomers calculated 
exactly where to look in the night sky for this new planet. In 1846, another 
astronomer, Johan Galle, pointed his telescope in the direction Adams and Le Verrier 
predicted. With some surprise, Galle noticed there was a very faint object in the night 
sky. By observing it over several nights, he showed that the faint object moved 
against the background stars. It was another planet. It was named Neptune. 

(Courtesy of Robin Millar) 
 
APPENDIX B: MULTIPLE-CHOICE ASSESSMENT ITEMS 

70221 When a new scientific theory is proposed, scientists must decide whether to 
accept it or not. Their decision is based objectively on the facts that support the 
theory. Their decision is not influenced by their subjective feelings or by personal 
motives.  

A. Scientists’ decisions are based solely on the facts, otherwise the theory would 
not be properly supported and the theory could be inaccurate, useless or even harmful.  

B. Scientists’ decisions are based on more than just the facts. Decisions are based 
on whether the theory has been successfully tested many times, on how logical the 
theory is compared with other theories, and on how simply the theory explains all the 
facts. 

C. It depends on the individual scientist. Some scientists will be influenced by 
personal feelings, while others will live up to their duty to make decisions based only 
on the facts.  

D. Because scientists are only human, their decisions are, to some extent, 
influenced by inner feelings, by the personal way a scientist views a theory, or by 
personal gains such as fame, job security or money.  

E. Scientists’ decisions are based less upon the facts and more upon inner 
feelings, upon the personal way a scientist views a theory, or upon personal gains 
such as fame, job security or money. 

 

70611 With the same background knowledge, two scientists can develop the same 
theory independently of each other. The scientist’s individuality does NOT influence 
the content of a theory.   

The scientist’s individuality will NOT influence the content of a theory:   

A. because this content is based on facts and the scientific method, which are not 
influenced by the individual.  

B. because this content is based on facts. Facts are not influenced by the 
individual. However, the way a scientist conducts an experiment will be influenced by 
his or her individuality.  

C. because this content is based on facts. The way a scientist interprets the facts 
will, however, be influenced by his or her individuality.  

A scientist’s individuality WILL influence the content of a theory:   
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D. because different scientists conduct research differently (for example, probe 
deeper or ask slightly different questions). Therefore they will obtain different results. 
These results then influence the content of a theory.  

E. because different scientists will think differently and will have slightly 
different ideas or viewpoints.  

F. because a theory’s content may be influenced by what a scientist wants to 
believe. Bias has an influence. 

 

90621 The best scientists are those who follow the steps of the scientific method.   

A. The scientific method ensures valid, clear, logical and accurate results. Thus, 
most scientists will follow the steps of the scientific method.  

B. The scientific method should work well for most scientists; based on what we 
learned in school.  

C. The scientific method is useful in many instances, but it does not ensure 
results. Thus, the best scientists will also use originality and creativity.  

D. The best scientists are those who use any method that might get favourable 
results (including the method of imagination and creativity).  

E. Many scientific discoveries were made by accident, and not by sticking to the 
scientific method. 
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EVALUATION OF JAPANESE PRE-SERVICE 
TEACHERS’ ARGUMENTS ON GLOBAL WARMING 

 

Tomokazu Yamamoto!, Etsuji Yamaguchi", Keita Muratsu", Sakiko Nakashin", and 
Shigenori Inagaki"  
! Faculty of Education and Culture, University of Miyazaki, Japan 
" Graduate School of Human Development and Environment, Kobe University, Japan 
 

Abstract:!Argument is regarded as an important theme in science education. However, 
it is pointed out that pre-service teachers are not good at constructing arguments. The 
unique point of this study is that global warming has been taken up as a socio-
scientific issue for the first time under studies of arguments constructed by pre-service 
teachers in East Asia. Our research question was “What kinds of arguments on global 
warming are possible by Japanese pre-service teachers?” 

Our target group comprised 43 Japanese pre-service teachers. They were asked to 
read an article of how the phenomenon of the greenhouse effect occurs. Then, pre-
service teachers read two sets of three evidences prepared by each of the two parties 
taking particular positions on CO2 emission reduction to stem global warming. After 
reading the evidences, the teachers wrote their arguments on CO2 emission reduction. 
Based on the Knowledge Integration scoring scheme developed by Seethaler & Linn 
(2004), we gave score to arguments constructed by pre-service teachers. As a result, it 
was found that many of them had difficulty to use evidence effectively, and that their 
description regarding evidence was not elaborated. Most pre-service teachers did not 
give an explicit rationale that was completely normative from a scientific standpoint, 
of why the evidence in favor of their position outweighed the evidence against. 

The results indicate that Japanese pre-service teachers are not capable of describing 
evidences on global warming by presenting specific data, providing effective reasons 
to use particular evidence and outweighed the evidence against. The future research is 
developing a special program through which pre-service teachers will become capable 
of presenting arguments on global warming while dealing with a diverse range of 
socio-scientific issues. 

Keywords: Japanese pre-service teachers, argument, global warming 

 
THEORETICAL FRAMEWORK  

Argument and teachers 
Argument is regarded as an important theme in science education (Erduran & 
Jiménez-Aleixandre, 2008). For learners who construct arguments, teachers need to 
obtain knowledge about the significance of argument, teaching strategies and how to 
evaluate the arguments (Osborne, Erduran, & Simon, 2004). However, it is pointed 
out that pre-service teachers are not capable of constructing counterarguments while 
being able to use evidence, also that they do not have the ability to list the reasons 
why the evidence can support their claim (Zembal-Saul, Munford & Crawford, 2002). 

Argument on socio-scientific issue 

Strand 13 Pre-service science teacher education

2284



Topcu, Sadler & Yilmaz-Tuzun (2010), for example, revealed that Turkish pre-
service teachers were not sufficiently skillful in constructing “counter-positions” and 
“rebuttals,” a finding that was commonly observed in gene therapy, cloning 
technology, and global warming issues. It was also reported that Japanese pre-service 
teachers, an East Asian country, have problems with their ability to reach a weighted 
conclusion and produce counterevidence (Yamamoto et al., 2012). In the case of 
Japan, however, the context has been confined to issues related to nuclear power 
generation and genetically modified foods. Therefore it is necessary to reveal the 
reality surrounding arguments constructed by pre-service teachers in other contexts. 

 

PURPOSE OF THE STUDY 

The purpose of the study is to evaluate arguments on global warming constructed by 
Japanese pre-service teachers. OECD (2010) saw global warming as an issue 
comprising “a complex real-world situation” and also an issue requiring the people 
dealing with it to have high “competency to explain phenomena scientifically.”    

The unique point of this study is that global warming has been taken up as a socio-
scientific issue for the first time under studies of arguments constructed by pre-service 
teachers in East Asia. Our research question was “What kinds of arguments on global 
warming are possible by Japanese pre-service teachers?” 

 

RESEARCH DESIGN AND METHODOLOGY 

Subject  
Subjects of this study comprised 43 third-year students at the education departments 
of Japanese national universities who were seeking teacher’s qualification. All of the 
students were Japanese. None had experienced learning about argument concerning 
socio-scientific issues. 

Procedure 

Pre-service teachers were asked to read an article of how the phenomenon of the 
greenhouse effect occurs on a question sheet (Figure1). Then, they were asked to 
comment on what Japan is doing in order to stem global warming. Next, pre-service 
teachers read two sets of three evidences prepared by each of the two parties taking 
particular positions on CO2 emission reduction; one in favor of reducing emissions of 
CO2 and the other against it. After reading the evidences, the teachers wrote their 
arguments on CO2 emission reduction; one in favor of the proposal or the other 
against it. They were allowed to freely describe their arguments, using the question 
sheet. Twenty minutes were allotted for them to construct their arguments. The 
research was conducted in October 2012. 

Evidence for those in support of CO2 reduction 

The article consists of three evidences below: 

1. According to the average temperature of the earth’s atmosphere and the carbon 
dioxide emission on the earth  (refer to the line graph), the average global temperature 
can be reduced through the reduction of carbon dioxide emissions (rise in average 
global temperature expected in line with increase of CO2 emissions). 
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2. Economic benefits can be expected through the promotion of energy-conservation 
industries (investment in building new facilities, creation of business opportunities 
such as the development of energy-saving technologies, and expansion of 
employment). 

3. Japan can exert leadership in the international community (role to be played by 
Japan as chair country of the Kyoto protocol, and provision of energy-saving 
technologies to foreign countries). 

Evidence for those against CO2 reduction 

The article consists of three evidences below: 

1. According to the average temperature of the earth’s atmosphere and the carbon 
dioxide emission on the earth (refer to the line graph), the reduction of CO2 emissions 
will have no effect on lowering the average global temperature (a period of CO2 
emissions is not synchronized with changes in the average global temperature). 

2. The reduction of CO2 emissions is feared to increase corporate financial burdens, 
possibly resulting in economic stagnation in Japan (demand for companies to reduce 
CO2 emissions, projected decrease in pretax profits at companies, and shrinkage of the 
employment market). 

3. Unfair CO2 emission reduction targets set in the international community should be 
first rectified (comparison of situations surrounding CO2 reduction targets between 
Japan and other regions and countries of the world – Russia, the EU, newly 
industrializing countries and the United States). 

 

 
Figure 1. An article of how the phenomenon of the greenhouse effect occurs on a 
question sheet. 
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Analysis 

An analytic framework called the “Knowledge Integration scoring scheme” developed 
by Seethaler & Linn (2004) was employed to give score to arguments constructed by 
pre-service teachers. Of the five elements constituting the Knowledge Integration 
scoring scheme, for “evidence in favor of chosen position,” “evidence against chosen 
position,” and ”counter-evidence to evidence against their position,” if evidence was 
absent entirely or confusing, it was scored “0.” Evidence classified as present but not 
elaborated was scored “1,” and elaborated was scored “2.” For “normativity,” if there 
were any non-normative ideas, it was scored “0.” The absence of non-normative 
conceptions was scored “1.” For “conclusion to overall argument,” if the conclusion 
was absent, it was scored “0.” If the student simply stated that there was more or 
better evidence for than against their position, it was scored “1.” When the student 
realized there were tradeoffs and offered some rationale as to why the evidence for 
their position outweighed the evidence against, if they have had some minor 
misconceptions, it was scored “2.” If they have weighed only evidence that would be 
considered valid from a scientific or public policy standpoint, it was scored “3.” Two 
of the authors conducted the scoring independently from each other. The concordance 
rate turned out to be 83.4%. Discordance was corrected through consultation. 

 

DATA ANALYSIS AND RESEARCH FINDINGS 

Table1 is the distribution of Knowledge Integration scores. On the element of 
“normativity,” all of the 43 students received a score of 1. On “evidence in favor of 
chosen position”, two of the 43 students received a score of 2. On “evidence against 
chosen position”, no one received a score of 2. On “counter-evidence to evidence 
against their position”, three of the 43 students received a score of 2. On the three 
elements, structuring argument from evidence, it was found that many of them had 
difficulty to use evidence effectively, and that the description constructed by many 
such students was not elaborated. On “conclusion to overall argument,” nobody 
received a score of 3. On this element, 41 of the 43 students did not give an explicit 
rationale that was completely normative from a scientific standpoint, of why the 
evidence in favor of their position outweighed the evidence against. 

 

CONCLUSIONS AND IMPLICATIONS 

The results indicate that Japanese pre-service teachers are not capable of describing 
evidences on global warming by presenting specific data, providing effective reasons 
to use particular evidence and outweighed the evidence against. Given the results 
listed above, it is extremely difficult for Japanese pre-service teachers to present 
effective arguments on the issue. They need to engage in activities to recognize what 
kind of argument structure should be used. The future research is developing a special 
program through which pre-service teachers will become capable of presenting 
arguments on global warming while dealing with a diverse range of socio-scientific 
issues. 
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Table 1 

Distribution of Knowledge Integration Scores 

 

Note. N=43. 

 

ACKNOWLEDGEMENTS 

This research was supported by JSPS KAKENHI Grant Number 24240105. 

 

REFERENCES 
Erduran, S., & Jiménez-Aleixandre, M. P. (Eds.) (2008). Argumentation in science 

education: Perspectives from classroom-based research. Netherlands: Springer. 

OECD (2010). PISA 2009 results: What students know and can do – Student 
performance in reading, mathematics and science (Volume I). Retrieved 
December 12, 2012, from http://dx.doi.org/10.1787/9789264091450-en 

Osborne, J., Erduran, S., & Simon, S. (2004). Ideas, evidence and argument in 
science. London, U.K.: King’s College London. 

Seethaler, S., & Linn, M. (2004). Genetically modified food in perspective: An 
inquiry-based curriculum to help middle school students make sense of tradeoffs. 
International Journal of Science Education, 26(14), 1765-1785. 

Topcu, M. S., Sadler, T. D., & Yilmaz-Tuzun, O. (2010). Preservice science teachers’ 
informal reasoning about socioscientific issues: The influence of issue context. 
International Journal of Science Education, 32(18), 2475-2495. 

Yamamoto, T., Yamaguchi, E., Inagaki, S., Nakayama, H., & Nogami, T. (2012). 
Practical study on argument skill improvement in pre-service teachers. C., 
Bruguière, A., Tiberghien, P. Clément, D. Psillos & R. M. Sperandeo (Eds.), 

Strand 13 Pre-service science teacher education

2288



Proceedings of ESERA 2011: Part12 pre-service science teacher education, Lyon, 
France, 219-224. 

Zembal-Saul, C., Munford, D., & Crawford, B. (2002). Scaffolding preservice science 
teachers' evidence based arguments during an investigation of natural selection. 
Research in Science Education, 32(4), 437-463. 

 

 

 

Strand 13 Pre-service science teacher education

2289



EDUCATING PRE-SCHOOL STUDENT TEACHERS TO 

INSTRUCTIONAL DESIGN 
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Abstract: Instructional design is an important issue of teachers’ professional 

development and it contributes in developing pedagogical content knowledge (PCK). 

The development of this competency of teachers could be achieved through their 

practice in designing, developing, implicating and evaluating of Teaching Learning 

Sequences (TLS), which are one of the current movements of Science Education. In 

this work we describe and justify a project for the education of pre-school student 

teachers in Science instructional design. This is because today is accepted that science 

teachers usually follow traditional teaching approaches. To educate student teachers 

in instructional design and developing TLSs, we applied a 14 teaching hours project, 

during which specific knowledge (about PCK, TLS, Inquiry, etc.) were discussed, 

while students in pairs were designing and developing their TLS, in one of the given 

topics: “the water cycle” – “the travel of the food”. Many sources of data emerged, 

like pre-post tests and interviews, the corpus of the developed TLS, diaries of 4 

selected students and a metacognitive class discussion. The first analysis of the data 

shows that student teachers improved their competency in instructional design 

concerning the detailed use of the appropriate content, the use of alternatives pupils’ 

conceptions and the evaluation issues. However, statistically significant differences 

observed only in some cases. 

 

Keywords: science instructional design, preschool teachers, PCK, TLS 

 

 

INTRODUCTION 

Recent relevant literature (Science Education NOW, 2007) proposes that Science 

Education should be based on the inquiry (Duschl & Grandy, 2008) of phenomena 

and situations of everyday life, rather than memorizing facts and concepts. That 

means for pupils, they should use teaching materials based on ICT and investigate 

problems at both formal and informal settings. Education will be successful and 

enjoyable if rich learning environments are created to cover a variety of pupils’ 

psychological needs. Teachers should be educated in order to enrich and broaden their 

PCK (Magnusson, Krajcik, & Borko, 1999) and strengthen their reflection capacities, 

so they would be able to achieve inquiry-based instruction. This presupposes their 

education in designing, implementing and evaluating TLSs (Meuhet & Psillos 2004). 

TLSs are small scale innovative curricula (5-15 teaching hours). In the TLSs 

emphasis is given, on the one hand, to the epistemological analysis of the content to 

be taught and finally to its didactical transformation (Tiberghien, Vince, Gaidoz, 

2009) and, on the other hand, to the students’ conceptual difficulties.   

The understanding that teachers learn better by sharing ideas, planning 

collaboratively, critiquing each other’s ideas and experiences’ (O’ Hair & Veugelers 
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2005) led to new ways of enhancing professional development such as collaborative 

action research (Goodnough, 2008). 

PISA assessment ranks Greek pupils’ performance in science below average among 

the OECD countries and rather towards the lowest positions of this assessment (PISA 

2010). For this reason there is an ongoing effort, in Greece, to change the Curricula of 

compulsory Education (Neo Scholeio 2011). However, the change in Curricula alone 

cannot address the problem of pupils’ achievement in science education. A factor of 

equally importance in pupils’ success is the teachers themselves and the ways they 

design their teaching. It is generally accepted that the commonly used method of 

teaching science in Greece, as well as in many other countries, is by transferring 

knowledge from teacher to pupils. It is also common for the teachers to follow 

precisely the textbook, without taking into account, either pupil needs, prior 

knowledge and abilities, nor the current proposals of the literature (Science education 

NOW, 2007). 

Based on the above sort literature review and since the Greek educational setting is a 

traditional one, we decided to educate pre-school student teachers in designing and 

developing inquiry based TLSs. Consequently, the main research question of this 

study is: could student teachers improve their competency in designing and 

developing their teaching after a sort intervention containing both direct teaching 

about basic issues, as well as, collaborative work on designing and developing 

specific TLS?    

 

TEACHING AND RESEARCH METHOD 

The participants of this study were 22 undergraduate student preschool teachers (21 

women and 1 man) following a one semester’s course on PCK in Science Education. 

During this course, a 21 hours long teaching intervention took place, aiming to 

develop students’ knowledge and skills in instructional design. Theoretical issues and 

practical work in designing TLS in Early Science evolved in parallel for 5 weeks (15 

hours). Students worked in pairs for designing, developing and writing the final 

version of TLS on one of the topics “Water cycle” and “the journey of food”. 

 Figure 1. Schedule of teaching intervention and data collection 
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During these 5 weeks, the students had the opportunity to seek information and 

materials in the web or in printed sources, while they were supported by the educators 

in issues they asked for. In the 6th week, a short presentation of the TLSs took place, 

for students to have educators and peer comments and feedback. The teaching 

intervention was completed, in the 7th week, with a whole class metacognitive 

discussion. Students were given a two weeks interval to improve and deliver the final 

extended version of TLS. Figure 1 summarizes the teaching intervention and data 

collection process as well. 

As this study concerns a multifaceted process like learning to designing a TLS, a 

detailed, in-depth data collection involving multiple sources of information was 

necessary. An open questionnaire was used in pre and post-tests. The only difference 

between pre-post test tools concerned the TLS topics, “night and day alternation” and 

“Keep your breath –the respiratory system” were the topics used in post-test, instead 

of “water cycle” and “the journey of food” in pre-test. Sample of questions included 

in pre – post tests are the following: What are the main issues of the content you 

should negotiate during instruction? What activities or experiments you choose to 

achieve your aims? What is important to do or think before your teaching?  In order 

to have a better insight into student-teachers’ thinking, there was a case study with the 

participation of four selected students. Case study, a whole class metacognitive 

discussion as well as the final TLS packages were additional data sources.  

1
st 

phase of data analysis 

A top down first analysis was performed, based on predefined categories constructed 

in order to draw answers in our research question. The main categories were: the 

content, children ideas and evaluation. More specifically we analyzed the pre and 

post-tests, concerning the scientific content in two categories: Sufficient and 

Insufficient. An example of insufficient content is the following: “The content to be 

taught is “the journey of water” from its original form to the form that we will finally 

drink” (student A2), while an example of sufficient is: “The basic scientific content is 

the function of the digestive system, the entrance of food in the human body, the 

digestion of food, the name of the organs involved in these processes and the 

absorption of food by the body” (student B9). Concerning the use of initial 

conceptions, an excerpt showing the categories existence is the following: “Before 

teaching it is important to take into account the existing students’ conceptions, which 

is usually incorrect or incomplete” (student A2). 

Finally, concerning the evaluation of their proposal, we consider that the example: “I 

would evaluate my teaching based on the results. If children understood the “journey 

of food” and achieved the goals I set, it could be termed as a successful teaching” 

(student B9) indicate that this student will evaluate her proposal concerning aims and 

content. While the example: “I will evaluate my teaching based on the interest on the 

topic shown by the children throughout the teaching” (student A2) indicate that this 

student will evaluate her proposal concerning the affective domain of teaching. In 

table 1, the above mentioned categories and subcategories are seen together with their 

incidence in pre and post-tests.  
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Table 1 

Results from pre and post-tests concerning the three predefined categories (1st 

analysis) 

Categories 
Sub-

categories 

Pre-test 
(N=19) 

Posttest 
(N=19) 

N % N % 

Content 
Insufficient  13 68.4 6 31.6 

Sufficient  6 31.6 13 68.4 

Use of pupils’ initial 

conceptions 

Yes 11 57.9 17 89.5 

No 8 42.1 2 10.5 

E
v

a
lu

a
tio

n
 

Aims and 

content 

Yes 15 78.9 18 94.7 

No 4 21.1 1 5.3 

Affective 

perspective 

Yes 9 47.4 11 57.9 

No 10 52.6 8 42.1 

  

There are visible improvements in students’ competency in designing and developing 

their TLS after the intervention (table 1) as:   

 Seven students improved the description of the scientific content of their 

teaching in the post test. The Wilcoxon test elicit a statistically significant 

change (z=-2.111, p=0.035) between pre – post tests. 

 In post-test answers, the majority of the students take into account children 

ideas in their planning, in comparison to pre-test. Difference between pre and 

post– tests is statistically significant (z = -2.121, p = 0.034). 

 In the evaluation, the improvement was recorded in aims and content, as, in 

post test, all but one the students report aims and content evaluation as a part 

of their teaching. But the same is not true for affective perspectives.  

2
nd

 phase of data analysis   

A need for a more detailed and refined analysis was clear for us, in order to better 

understand the difficulties students confronted in instructional design. So a well 

elaborated grid to analyze pre & post questionnaires and TLS (the final product) was 

constructed. The main axes were:  a) Content, b) Content transformation and c) Use of 

pupils’ initial conceptions. Two researchers analyzed, independently, the 20 pretests 

and 10 TLSs concerning the above mentioned axes, searching for specific issues in 

which we assigned predetermined points. The protocol / grid of analysis, as well as 

the predetermined points (presented in the Appendix) were checked and validated by 

a panel of expert. 

Following we are presenting examples of the second phase of analysis, concerning the 

three axes: Content, Content Transformation and Pupils Initial Conceptions. We 

focused on the transformation of the content as it is a separate teaching skill to 

transform the content.  

Concerning the scientific content and specifically the topic "Heating and 

evaporation", which is 1 of the 6 categories appropriate for teaching the water cycle, 

students (TLS1):“Sea water, as well as water of lakes and rivers is heated by the sun 

and evaporates, filling the air with water vapour”. We give 2 of the total 2 points as 
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there were references in water heating (0.5 points) and evaporation (0.5), the sun as 

heat source (0.5) and oceans/sea as the main water reserves (0.5).  

Concerning Content Transformation, and for the topic "Heating and evaporation", 

which is 1 of the 6 categories of the thematic axis students wrote (TLS3): "The 

teacher puts an amount of water in a container which is heated by a stove. When it 

begins to boil she asks the children to observe steam. During the experiment, she asks 

questions and tries to parallel between the various stages of the experiment and the 

natural phenomena (e.g., in our experiment the water is heated by the stove. In nature 

who does heat the water of the seas and lakes?)". We give 2 of the total 2 points as 

there were references in water heating (0.5 points) and evaporation (0.5), the heat 

source (0.5) and the water reserves (0.5). 

Concerning Pupils’ Initial Conceptions students wrote (TLS 10) "... infants have some 

early views on “the Journey of food"", or "The oldest and most famous study on 

children's knowledge of the inside the human body is this of Gellert (1962) .... argued, 

that the 4 year old children have a biological "theory“ for digestion and the digestive 

system", or "teacher asks questions to trigger children’ thought: what happens to food 

in our stomach?“. We give 4 of the total 4 points as there is a mention of children 

initial conceptions (1 point), a literature citation (1), recognition of the need to 

highlight the conceptions (1) and a process to highlight the conceptions (1). All the 

above mentioned predetermined points given to all issues we used to TLS or pre-post-

tests analysis are presented in the relevant grid of analysis in the Appendix. 

In order to eliminate score differences between the two contents we recalculated each 

section’s score (both in pre-tests and TLS analysis) as a percentage of the maximum 

expected score, as follows: Final score = observed score x 100 / expected maximum 

score. 

 

RESULTS  

In the table 2, the results from the analysis of pre-tests concerning the scientific 

content, its didactical transformation and use of children's initial conceptions are seen. 

Since there are not statistically significant differences between content A (water 

cycle) and B (food journey) we will describe the results in a unified way for both the 

areas.  First of all, we can see very low scores in both axes related to content and its 

didactical transformation. We can also see a little higher, but still low, scores for the 

utilization of children's initial conceptions axe. The first observation is interpreted as 

due to the non-science major character of students, while the better results for the 

conceptions axe maybe due to the previous teaching students has been exposed. The 

second point we need to discuss is related to the big spread-out of the scores - high 

SD - which is interpreted due to the small size of our sample. 

In the table 3, the results of the analysis of the 10 TLSs, by the use of the grid 

described in the methodology section are seen. As we can see in the table, the scores 

for the content are very high, while we can also point out high scores for the 

transformation of the content and use of children's conception. The first seems 

interpreted because students encouraged finding out the appropriate content in the 

web or the relevant books. Scores in didactical transformation are lower as content 

transformation demands some specific knowledge - skills, like the process of finding 

and exploiting students' initial conceptions. We can also see in this table high SD as in 

the previous one, due to the same reason. 
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Table 2 

Results from pre-tests concerning the three topics (2nd analysis) 

Quest 

code 

Scientific 

Content = 

I 

Didactic 

Transformat

ion = II 

Use of 

children 

conceptions 

= III 

Quest 

code 

Scientifi

c 

Content 

= I 

Didactic 

Transformatio

n = II  

Use of 

children 

conception

s = III 

Α1 0.00 36.84 0 Β1 6.67 15.00 28.57 

Α2 0.00 0 50.00 Β2 10.00 42.00 35.71 

Α3 10.00 10.53 0.00 Β3 5.33 18.00 28.57 

Α4 5.00 0 62.50 Β4 3.33 5.00 0.00 

Α5 35.00 0 42.86 Β5 26.67 25.00 42.86 

Α6 0.00 15.79 0 Β6 0.00 0.00 28.57 

Α7 65.00 26.32 50.00 Β7 23.33 15.00 0.00 

Α8 10.00 10.53 75 Β8 6.67 33.00 14.29 

Α9 0.00 10.53 0 Β9 6.67 8.00 14.29 

Α10 15.00 68.42 75     

I: Mean: 12.4, SD: 16.12 II: Mean: 29.15 SD: 25.83  

III:  Mean: 17.89 SD: 17.54 

 

Table 3 

Results of the 10 TLS analyses concerning the three thematic axes 

TLS Code 
Scientific 

Content 

Didactic 

Transformation 

Use of children 

conceptions 

TLS1 80.00 84.21 71.43 

TLS2 55.00 63.16 57.14 

TLS3 95.00 78.95 92.86 

TLS4 65.00 68.42 100.00 

TLS5 100.00 89.47 71.43 

TLS6 86.67 2.00 71.43 

TLS7 86.67 82.00 57.14 

TLS8 74.67 38.00 14.29 

TLS9 93.33 68.00 67.86 

TLS10 76.67 50.00 35.71 

Mean 81.30 62.42 63.92 

SD 14.00 26.52 25.11 

 

CONCLUSION  

In this study, we designed, implemented and evaluated an innovative intervention for 

educating students pre-school teachers in science instructional design. The first 

analysis, in the pilot phase reveals significant improvement in factors affecting 

instructional design like knowledge of the scientific content and the use of pupils’ 

initial conceptions. In other factors like the evaluation of the instruction, or the 

adopted instructional method we cannot achieve a secure conclusion.  

For the 2nd phase of analysis, we argue that generally speaking, our students 

responded to the aims of the course, for the three thematic axis analyzed until now. 

The lack of content knowledge in the initial measurement was expected. Content 

knowledge was improved substantially in the final products (TLS) and this indicates 

that students are able to seek and partially modify the content in order to be suitable 
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for the target population. Although students seem able to understand the role of initial 

ideas in teaching, it seems that they cannot easily integrate them in their teaching. 

Finally, we believe that a new implementation is needed. From one hand, we have to 

guide our students to more sophisticated TLS (e.g. to give them a sample for design or 

develop teaching activities). From the other it seems that a refinement of our research 

tools is of equal importance, as it will help us to better understand students' 

difficulties in science instructional design. Moreover, further analysis of the 

remaining data is needed to have more secure conclusions. Additionally, we can 

attend and systematically observe the implementation of some of the designed TLSs, 

in real class situation, in order to gather more information about the competency of 

our students to apply their design. So, we are keeping on. 
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APPENDIX  

Grid of analysis 1: The scientific content (Food’s journey in the human body) 

 

Grid of analysis 2: Content transformation (Water cycle) 

Phenomenon or 

process 
Short description or indicative narrative 

Expected 

score 

(max=7) 

Water Heating 

and Evaporation  

Water heating  0.5 

Evaporation  0.5 

The sun (mentioned as heating source)  0.5 

The oceans (mentioned as the main reservoirs)  0.5 

Clouds  
Upwards vapor movement  0.5 

The formation of the clouds  0.5 

Rain  

Air moves water vapors away of the see surface  0.5 

Vapors meet cold air currents and cooling  0.5 

Mention of snow  0.5 

Back to the oceans  

Raining or snowing (in general)  1 

Raining or snowing on the land  - rivers - sea  0.5 

Raining or snowing on the sea 0.5 

Detailed 

description  

Description in details  1.5 

Integration (“closing”) of the cycle  0.5 

 

Phenomenon or 

process 
Short description or indicative narrative 

Expected score 

(max 15) 

1.1. Digestion  
Intake, transformation, absorption of the essential 

nutrients of the body for growth and energy  
3 (all of them) 

G
a

st
ro

in
te

st
in

a
l 

tr
a

ct
 

1.2 Mouth – Indicative narrative, i.e. 

In the mouth the processing of the food starts. In the 

oral cavity mastication happens, that means the solid 

food is cut in small pieces by means of the teeth and it 

becomes  suitable for ingestion  

2 

1.3  A Tube (Pharynx – Esophagus) Indicative 

narrative  
2 

1.4 Stomach Indicative narrative 2 

1.5 Small intestine Indicative narrative 1 

1.6 Large intestine – Excretion Indicative narrative 1 

1.7 Accessory glads  One of pancreas, liver, salivary glads  1 

1.8 Organs’ 

location  
Are the organs mentioned in the right order;  1 

1.9 Nutrition  Healthy food (food beneficial for the human body)  1 

1.10 Hygiene  Oral health (brushing teeth, etc)  1 
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Grid of analysis 3: Pupils’ Initial Conceptions (Food’s journey in the human 

body) 

Description 

Expected 

score 

(max 13) 

Initial conceptions are mentioned  1 

There are literature citations  1 

Teacher elicits 

children conceptions  

Just a mention about eliciting conceptions  1 

Mention of technic for eliciting (i.e. activities)  1 

Conceptions  

Conceptions about digestion  1 

Conceptions about food and growth 1 

Conception about healthy nutrition 1 

More conceptions  Other than the above mentioned  Max 3 

Utilization  
Activities to transform the above mentioned 

conceptions  
3 
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HOW TO PREPARE TEACHER STUDENTS FOR 
EXPERIMENTING IN SCIENCE CLASSES: RESULTS OF A 

THREE YEARS EVALUATION STUDY 
 
Olaf Krey, Thorid Rabe 

University of Potsdam, Germany 
 
Abstract: Physics learning and teaching have always been strongly connected to the use of 
experiments and practical work in the classroom. It is an ongoing challenge to prepare 
future physics teachers to make use of experiments in a way that helps their students to 
learn (about) physics. In a redesigned hybrid course at our university physics teacher 
students are prepared for implementing experiments in their future science teaching. The 
core themes are planning, conducting and evaluating school experiments, supported by 
online feedback provided by the staff members and microteaching sessions. An evaluation 
study over the last three years was conducted in a pre-post design and has proven the 
course design to be appropriate for students to gain relevant PCK, make their learning 
visible to them and develop more adequate self-efficacy beliefs for teaching physics. The 
course was not able to change students’ attitudes towards experimenting in the science 
classroom.  
 
Keywords: physics teacher education, lab work, practical work, course design, 
evaluation study 

 

INTRODUCTION  
Teaching and learning Physics have always been strongly connected to the use of 
experiments (Lunetta et al. 2007, 394). The laboratory as a medium for learning and 
teaching science has also drawn science education researchers’ attention to this field (for a 
review see Hofstein & Lunetta 2004). Positive effects on students’ attitudes, their concept 
understanding and their views on the nature of science have been expected and looked for 
in an enormous number of studies. However, up to this day there are disappointments and 
misunderstandings, because despite its central role for learning and teaching science, 
students’ practical work often remains less effective than wished (Séré, 2002). One of the 
main reasons can be found in a statement by Mortimer & Scott (2003,1): “Practical 
activities cannot speak for themselves”. Practical activities in learning science need an 
active learner of course, but also a teacher who develops learning environments including 
laboratory experiences that help to promote principal goals as well as specific objectives. 
The teacher influences the students’ learning by selecting and scaffolding topics, ideas and 
activities appropriate for concept development, selecting and modifying intended students’ 
activities to allow and maintain “minds-on” engagement etc. “Supporting student learning 
[…] requires special skills and conditions” (Windschitl, 2002, 145). This is true for all kind 
of teaching activities, however, as Lunetta et al. (2007, 427) state, “[t]hese teaching skills 
are especially important when teachers work with students in the laboratory and 
researchers investigating school laboratory experiences should examine and report these 
‘skills and conditions’ with special care.” Although there are a few attempts to suggest 
specific strategies (eg. questioning strategies as proposed by Penick et al. (1996)) or 
catalogues of student behaviors to encourage (eg. Clough (2002)) that can be translated 
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into skills and knowledge of the teacher necessary to create learning arrangements in 
which students can show the intended behavior, these attempts remain limited. In general 
research about inquiry based teaching and learning is helpful here. However, to the best of 
our knowledge, there is no research-based catalogue available that would systematically 
identify the teacher’s skills and knowledge necessary or helpful to successfully provide 
experiment based learning opportunities for their students. How then, can we find 
appropriate ways to prepare our future science teachers for making use of school 
experiments in a way that fosters minds-on learning on the students’ side?  

Of course, making research results known to in- and pre-service teachers is a first step. 
This article in a way addresses this problem, by offering the design and first evaluation 
results of a course we continuously improved and evaluated at the University of Potsdam, 
Germany since 2010 as an important part of the physics teacher education program. The 
general goal of the course “school experiments for teaching physics” is to prepare future 
physics teachers for staging experiments (demonstration) as well as creating learning 
environments in which their future students can learn (about) physics by practical work 
(student centered lab work).  

 

THE COURSE DESIGN 
The above mentioned course has been playing a central role in the physics teacher 
education program at our university and remained unchanged for over 20 years before we 
started to revise the course. The course is part of our bachelor studies and is typically 
attended as one of the first courses in the field of physics education in the 3rd semester. 
Usually at the same time students also attend an introductory lecture/seminar providing an 
overview of important topics in physics education. The course is followed by practical 
school courses (guided teaching experience) and more in depth seminars on a variety of 
topics (eg. nature of science, research and methods in physics education) during the rest of 
the bachelor and master studies of a physics teacher student. 

In the past students successfully used the course to develop their hands-on abilities in 
arranging school experiments and to improve their physics (immerged school) content 
knowledge (CK), while issues of pedagogical content knowledge (PCK) were addressed 
only to a very limited extent.  

Therefore we tried to shift the focus of our students to the field of PCK. For this purpose, 
the course was redesigned into a blended learning scenario (Graham 2005). Results from 
the first year (see Rabe, Krey, Rau 2012) indicated that the blended learning setting was 
promising, but not yet satisfying. Consequently tasks have been modified, a new technical 
implementation (wiki) and a higher level of liability of the tasks given have been 
established.  

By now the course design pursues the following general objectives based on research in 
science education and in accordance with standards for teacher preparation courses in 
Germany (KMK 2010). Students should learn to 

(1) account for students’ alternative conceptions when planning an experiment for 
the classroom,  

(2) plan and conduct experiments or experimental activities in ways to encourage 
concept development (minds-on) 

(3) find or develop/adopt an experiment helpful to achieve certain learning objectives 
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(4) stage an experiment in a way that is understandable for students as well as correct 
from a physics point of view, 

(5) present experiments safely and competently. 
To achieve these objectives concerning the physics teacher students’ PCK the laboratory 
work has been complemented by seminar sessions and online elements to increase time on 
task, to intensify cognitive activity of the teacher students and to facilitate interaction. 
During the revision of the course and due to the seminar sessions we considered necessary, 
we also extended the former one-semester course covering three content areas into a two-
semester course. This course covers the same content areas, now including the non-lab 
seminar sessions and an additional slot in which students can chose a context for which 
they try to develop learning environments making use of experiments suitable for school 
settings (see figures 1 and 2). The idea of helping students to develop context structured 
learning sequences was essential for our course design, but is not considered any further in 
this article. Every semester begins with an introductory session in which organizational 
concerns are covered. The semester ends with an assessment, which consists of a micro 
teaching session including at least one experiment (teacher demonstration or student 
practical work) and a written reflection on why the experiment was conducted and 
embedded the way it was presented in the micro teaching.  

 

course introduction 

mechanics electricity optics 

course assessment 
	  

Figure 1. One-semester version course 
structure. 

introduction 1 

mechanics optics 

assessment 1 

introduction 2 

electricity context 

assessment 2 	  
Figure 2. Two semester version course 
structure. 

 

As mentioned above online tasks, which guide the students to build a wiki over the turn of 
the semester, contribute to a blended learning arrangement. Within a content specific slot 
(eg. mechanics), these tasks serve students to prepare and reinforce the lab sessions, by e.g. 
anticipating students’ learning difficulties, searching for experiments helpful in achieving 
given objectives or reasoning for a specific orchestration of experiments. At the end of any 
content specific slot a micro teaching in small groups of 8 fellow students is arranged, in 
order to provide mastery and vicarious experiences in a protected environment (learning 
without fear). Online-feedback on the students’ task processing (see Hattie 2009 for the 
importance of feedback) and feedback for the microteaching sequences (see Hattie 2009) 
have been implemented as central aids to foster learning. Figure 3 illustrates the structure 
of a content specific slot, which covers 6 weeks and includes on-site attended classes (three 
times lab work (blue), two seminar sessions (blue) and the micro teaching (green)) as well 
as online tasks (1-6). These online tasks include  

• analyzing curriculum material (standards etc.) and developing a concept map for 
the specific content area (1),  

• developing a pool of experiments to be tested during lab work sessions (2), 

• defining objectives to be achieved with the experimental setting and the way the 
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practical work is embedded in a fictional teaching sequence (3), 

• reading preparatory material (4),  

• considering students’ alternative  conceptions and draw conclusions for how the 
practical work should be conducted (5), 

• providing in depth reasons for the chosen learning path and setting presented 
during the micro teaching to be conducted (6). 

 

micro 
teaching seminar lab work lab work 

on-site attended classes 

1" 2" 4"3" 5" 6"

lab work seminar 

	  

Figure 3. Structure of a content specific slot within the new course design. (See the text for 
details.) 

 
It becomes obvious that the learning phase is designed to acquire the skills and knowledge 
that the assessment is targeting at the end of the course, without mixing learning and 
assessment phase.  

 
EVALUATION METHODS 
The redesigned course was evaluated in three turns covering two years. Two evaluation 
studies refer to a one-term version (study 1: 2011, n=30; study 2: 2012, n=22) attended by 
fourth semester of Ba-students. One study relates to a prolonged two term version (study 3: 
2011/2012, n=17) applying to first semester Ba-students. This prolonged course gives 
more time to seminar sessions dealing with issues like students’ conceptions and 
experiments in the physics classroom from a theoretical perspective. Students in the first 
two studies had learned about these themes one semester before in a classical lecture. 
With the evaluation studies presented here we aimed at the following questions: 

(1) How is students’ self-efficacy for teaching physics effected by the course? 
(2) How are students’ attitudes towards (school) experiments effected by the course? 

(3) Do students gain PCK for experimenting in a science class? 
(4) Does the course effect students’ perceived abilities that we aimed for?  

For data collection on question (1) scales from a new German instrument were used that 
measure self-efficacy in the two dimensions of planning and conducting physics lessons 
and in the two fields of implementing experiments in physics classes and dealing with 
students’ alternative conceptions in the classroom (Rabe, Meinhardt, Krey 2012). As 
examples, two items in the field of experimenting are provided: 
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• I can prepare appropriate experiments for my lessons although the school lab is not 
well equipped. (planning) 

• I can stage an experiment comprehensively even if the experimental setup is rather 
complex. (conducting) 

Question (2) was addressed with scales concerning the “relevance of experiments for 
knowledge acquisition”, on “experiments in the physics classroom” and “student-centered 
experimenting” (cf. Riese 2010). Again, an example item for each field is provided 
(translation by the authors): 

• New theories are always developed based on experimental data. (knowledge 
acquisition) 

• Physics can be learned and understood only with the help of experiments. 
(experiments in the physics classroom) 

• Students should plan and conduct experiments in a physics lesson. (student 
centered experimenting) 

To answer question (3) we developed an optics specific PCK-test. This test included 
different tasks. Some of them required the application of knowledge, others asked for 
knowledge reproduction.  

• example of a task (reproduction): Give three typical students‘ conceptions on „light 
and vision“ that you expect when teaching optics in grade 8. 

• example of a task (application): Arrange the experiments below in a sequence 
appropriate for teaching school physics. Give reasons for your chosen order. 

A - Experiment „virtual image formation by a converging lense“ 
B - Experiment „prisms: refraction at two surfaces“ 
C - Experiment „real image formation by a converging lense“ 
D - Experiment „structure of and image formation by human eye“ 

Finally, to answer question (4) we developed items on self–perceived abilities addressed in 
the course (see the five goals outlined at the beginning of the course design section).  
The questionnaire was implemented in a pre-post-design in study 1 and 2 and in a pre-post-
follow-up design in study 3. In a multi method approach qualitative data were collected, 
e.g. audio-protocols of students’ task-processing, the wiki – showing the product of 
students’ online work and pre-post interview transcripts. However, for this article the 
quantitative data are our main concern.  

 
RESULTS 
Statistical analysis has proven the instruments to allow reliable (αC) measurement of 
unidimensional constructs (CFA). Cut off values were used as follows αC=0.6, CFI=0.900, 
TLI=0.900, RMSEA=0.08, χ2/df=2.5. The presented results are based on analysis of 
variance (t-tests and GLM, α=0.05). 

There is no significant change in students’ attitudes towards experiments from pre- to 
posttest in none of the three studies. Though attitudes are known to be resistant to rapid 
change (Jones & Carter 2007) this finding points to a potential of the course that is not 
bailed out so far. 
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The analysis of self-perceived abilities shows differences between the groups. In study 1 
and 2 the fourth-semester students perceive a gain in their abilities to plan and conduct 
school experiments concerning all objectives we have set for the course. (t-test, p<0.001 
with medium to large effect sizes, d>0.5). For the first-semester students in study 3 no such 
difference in self-assessment can be obeyed in the data. A reason might be that students in 
the beginning of their teacher preparation program have not developed an adequate 
standard against which they could compare their abilities. 
This assumption can be strengthened by the results concerning self-efficacy for teaching 
physics. Results from a GLM show large main effects for time (within-subjects effects) in 
all three studies. This applies to the scales on planning experiments for physics classes 
(F(1;65)=46,65**, η2=0.42) and conducting experiments in the classroom (F(1;65)=25.03**, 
η2=0.29), as well as to the scales on considering students’ conceptions in planning physics 
lessons (F(1;35)=12.56**, η2=0.26) and in giving the lessons (F(1;35)=17.60**, η2=0.34). 
See figure 4 for an illustration of the findings for the scale concerning self efficacy beliefs 
on conducting experiments. There is no significant main effect of group (study 1/2/3), but 
a significant interaction effect between group and time with small effect sizes for the scales 
on self-efficacy for experimenting (η2≥0.07) and medium effect sizes for the scales on self-
efficacy for dealing with students’ conceptions (η2≥0.26). Again first-semester students in 
study 3 start with higher self-efficacy for teaching physics than their colleagues in the 
fourth semester. They probably overestimate their abilities due to a lack of background 
knowledge on the abilities discussed.  
Finally, GLM results for knowledge acquisition show a significant main effect of time 
F(1;68)=132.07**, η2=0.67) for all three groups. A short version of the knowledge test was 
used to check the sustainability of this effect including data from a follow up test in study 
3. While test scores of the pre-test compared to scores from post-test and follow-up 
differed significantly (large effect) there was no significant difference between post- and 
follow up-test. See figure 5 for an illustration. 
 

	  
Figure 4. Mean values for self efficacy 
beliefs concerning the use of experiments in 
the dimension conducting – pre and post for 
three groups. 

	  
Figure 5. Mean values of the pck short test 
– pre, post, follow up for three groups. 
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DISCUSSION AND CONCLUSION 
The results presented here suggest that the redesigned course is appropriate for students’ 
learning in the field of PCK on teaching physics. Tests show that students learn in the field 
of PCK and that they also perceive a gain in competency towards the intended learning 
objectives. Moreover the course provides opportunities to gain self-efficacy for teaching 
physics on an adequate level as the difference between first- and fourth-semester students 
indicates. The opportunities of mastery experience as well as vicarious experience during 
the micro teaching are likely to be major sources for this development (eg. Tschannen-
Moran et al. 1998). A way to intensify students’ growth could be to replace a micro 
teaching session, by a real teaching experience, eg. by inviting pupils to the university lab 
were students have to support the learning process of a small number of pupils. Finally, 
results of the evaluation signal that students in the first semester do not benefit as much 
from the course as their fourth-semester-colleagues do, which has implications for future 
study programs. In the future a major potential lies in students attitudes, which at the 
moment seem not to be affected by our course. Although this is not much of a surprise, 
since attitudes and beliefs are known to be resistant to change, it is disturbing at the same 
time, since teachers’ beliefs are also considered as influential to their practice.  
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DEVELOPMENT OF PRE-SERVICE CHEMISTRY 
TEACHERS’ PROFESSIONAL KNOWLEDGE 

Stefan Mutke1 and Oliver Tepner2 
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Abstract: Teachers’ professional knowledge is considered as a fundamental 
precondition to enhance students’ learning and understanding (Abell, 2007). 
According to the definition of professional knowledge by Shulman (1987) and other 
researchers (e.g. Baumert et al., 2010), three categories of professional knowledge are 
substantial for teaching: content knowledge (CK), pedagogical content knowledge 
(PCK), and pedagogical knowledge (PK).  

In order to reinforce a profound knowledge base for teaching, recent studies highlight 
the importance of teacher education at universities (1st phase of teacher education in 
Germany) which seems to be relevant for acquisition of subject specific competencies 
(Friedrichsen et al., 2009). In Germany this phase is followed by a 2-year teacher 
training (2nd phase) organized by a teacher training institute. This teacher training is 
subdivided into two parts. While the first part (six months) focuses mainly on a 
theory-based instruction of teaching knowledge, the second part (18 months) 
emphasizes the pre-service teachers’ teaching practice. Especially the influence of this 
second phase on the development of professional knowledge and the importance of 
different educational backgrounds on the knowledge level of CK and PCK in 
chemistry is rarely analyzed. In order to get a notion of its impact, longitudinal 
investigations could help to describe teachers’ learning progressions during their 
teacher education (Schneider & Plasman, 2012). However, several studies pointed out 
important factors with a positive impact on changes in teachers’ knowledge. Two of 
the central indicators are the quantity and quality of learning opportunities during 
teacher education and teaching experiences in the classroom (Kleickmann et al, 
2013).  

Focusing on chemistry specific content knowledge and pedagogical content 
knowledge, this study examines 56 pre-service teachers over three points of 
measurement during their 2nd phase of teacher education program. Significant changes 
in CK can be reported over the whole period.  

 

Keywords: pre-service teacher education, chemistry specific professional knowledge, 
professional development, pedagogical content knowledge, content knowledge 
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Introduction 

In order to prepare prospective teachers, teacher education in Germany (Figure 1) 
starts with studies at university (1st phase of teacher education) which has a positive 
effect on the development of professional knowledge (Blömeke et al., 2008). After 
teacher education at universities, the second phase of teacher education includes a 2-
year teacher training organized by a teacher training institute. This phase is 
subdivided into two parts. 

 
Figure 1. Structure of Teacher Education 

The first part of teacher training (six months) deals with theory-based instruction of 
teaching knowledge. The second part (18 months) mainly emphasizes the teacher 
trainees’ teaching practice. The impact of the whole teacher training is hardly 
evaluated (Kleickmann et al., 2012). Especially the influence of different educational 
backgrounds on the acquisition of CK and PCK in chemistry is rarely analyzed. 
Concerning these educational backgrounds of pre-service teachers, Table 1 provides 
general characteristics of the sample. The differentiation between non-intensified 
(lower secondary level) and intensified (upper secondary level) pre-service teachers is 
due to different university courses required for becoming a teacher at different 
secondary school types. Intensified pre-service teachers have more courses in content 
knowledge during their studies at university than their non-intensified colleagues. 
Concerning the education in PCK, only marginal differences in the number and 
duration of PCK courses exist. 

 

Table 1  

Sample Characteristics. 

 
The main aim of this study is to evaluate the whole second phase of German teacher 
education, based on developmental potentials in CK and PCK. For this purpose, CK 
and PCK test scores of pre-service teachers at the beginning, after six months and at 

  Non-Intensified Intensified 

1st Phase of Education 3.5 years 4.5 years 

Learning Opportunities CK – PCK – PK CK – PCK – PK 

School Level 
Lower Secondary School 

Level  
(Haupt- and Realschule) 

Upper Secondary School 
Level  

(Gymnasium) 
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the end of their teacher training are compared, so the following research questions and 
hypotheses can be examined: 

Q1: To what extend do the 2nd of teacher education foster the development of 
chemistry specific CK and PCK? 

H1: At the end of the 2nd phase of teacher education, pre-service teachers score 
better in CK and PCK tests than in the beginning of their teacher training. 

Q2: In what way do different chemistry courses of studies influence the development 
of CK and PCK during the second phase of teacher education? 

H2.1: ‘Intensified pre-service teachers’ score better in CK than ‘non-
intensified pre-service teachers’. 

H2.2: ‘Intensified pre-service teachers score equal in PCK than ‘non-
intensified pre-service teachers’. 

 
Methods and Design 

In order to examine the research questions and hypotheses, 147 pre-service teachers 
were given paper-pencil-based CK and PCK tests at the beginning, after six months 
and at the end of their teacher training. Only 56 pre-service teachers participated in all 
three tests. This sample was composed of 13 non-intensified and 43 intensified pre-
service teachers. 35 (53.8%) participants were female, and the mean age of all 
participants was 29.88 years (SE = 5.23).  

The paper-pencil-based tests we used to measure the professional knowledge of 
chemistry teachers have been developed in earlier projects of our research group 
(Table. 2). 

 
Table 2  

Characteristic Knowledge Areas and Facets of CK and PCK Tests. 

 
Knowledge Areas Chemistry Topics Dimension Specific Facet 

CK 
declarative  

(knowledge about facts),  
procedural 

(knowledge about 
processes) and  

conditional (knowledge 
about reasons, e.g. 

instruction) knowledge 

‘structure of atoms and 
periodic table’,  

‘chemical bonding’, and 
‘chemical reactions using 
the example of acids and 

bases’ 

different levels of 
difficulty: related to 

grades 7-9, grades 10-12, 
and the basic study level 

at university 

PCK 

Common facets of PCK: 
models, 

experiments, and 
students’ preconceptions 

 
Both tests have a processing time of 75 minutes, all in all. 
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Concerning the test reliability, Cronbachs α for CK (α = .76) and PCK (α = .79) is 
satisfying. 
 
Results 
In order to answer our first research question, CK and PCK test scores of the three 
points of measurement were analyzed by ANOVAs with repeated measures 
considering the educational background as between subject factor to look at the 
results of intensified and non-intensified pre-service teachers separately. 

The descriptive statistics for CK and PCK results depending on the educational 
background can be found in Tables 3 and 4.  

Table 3  

Descriptive statistics concerning CK test results depending on the educational 
background. 

Ed. Background N P. of. M.* M Range SD 

Non-intensified 20 
1st 14.15 6-24 4.58 
2nd 14.35 6-26 5.28 
3rd 14.80 6-26 5.06 

Intensified  52 
1st 18.42 10-28 5.06 
2nd 19.21 9-27 4.88 
3rd 19.94 12-27 4.71 

* “P. of. M.” means “Point of Measurement”  

 

As revealed by an ANOVA with repeated measures (Figure 2), significant changes in 
CK mean scores can be found for the whole sample (F(2, 140) = 3.446; p = .035; ŋp² = 
.047). 

  
Figure 2. Comparison of CK mean scores 
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Because of the educational background’s significant effect on the test scores (F(1, 70) 
= 15.748; p < .001; ŋp² = .184), separated analyses for each group were conducted. 
These show a significant linear increase of CK test scores with a high effect size for 
intensified pre-service teachers (F(2, 102) = 6.907; p = .002; ŋp² = .119) over all three 
points of measurement. Non-intensified pre-service teachers’ CK indicates no 
significant changes (F(2, 38) = .338; p = .715; ŋp² = .017). 

Concerning the results for the PCK test (Figure 3), an ANOVA with repeated 
measures revealed no significant changes in mean scores for intensified and non-
intensified pre-service teachers (F(2, 140) = .342; p = .711; ŋp² = .005) with regard to 
all three points of measurement.  

 
Figure 3. Comparison of PCK mean scores 

 
In contrast to the results of the CK test, the educational background has only a 
marginal influence on the PCK test scores (F(1, 70) = 3.799; p = .055; ŋp² = .051).  
 
Table 4  

Descriptive statistics concerning PCK test results depending on the educational 
background. 

Ed. Background N P. of. M.* M Range SD 

Non-intensified 20 
1st 46.65 33-55 5.53 
2nd 45.65 33-55 7.05 
3rd 46.45 34-56 6.82 

Intensified  52 
1st 49.37 32-62 7.73 
2nd 49.35 30-61 7.81 
3rd 49.98 26-68 8.20 

* “P. of. M.” means “Point of Measurement”  
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DISCUSSION AND IMPLICATIONS 
The presented study shows two central aspects: The second phase of teacher 
education seems to have a positive impact on the development of CK. Generally, CK 
is mainly acquired during the first phase of teacher education at university. However, 
especially CK is reactivated for preparing lessons and teaching (Borowski et al., 
2010), so the increasing test score in CK could be explained in this way. Referring to 
Blömeke et al. (2008) the CK differences between intensified and non-intensified pre-
service teachers could be expected. Considering the learning opportunities at 
university, intensified pre-service teachers have more lectures, seminars, and lab 
courses on content knowledge than non-intensified pre-service teachers (Baumert et 
al., 2010).  

Recent studies figure out the importance of “Learning from Teaching” (De Jong & 
van Driel, 2004) or “Teaching experience” as important predictors for growth in PCK. 
In contrast, our results show no significant changes. According to Friedrichsen and 
colleagues (2009), teaching experience alone cannot be the main factor to increase 
PCK which could explain our results. However, the development of expertise, 
especially PCK, is regarded as a long-term process. Maybe deeper in-service 
experiences in teaching and classroom action would increase PCK. Further analyses 
on the different facets should shed more light on the development of PCK. 
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Abstract: Instruments to measure teachers’ professional competencies with good 
context validity have been discussed before. We propose a measuring instrument 
based on vignette testing that analyzes professional competencies for science 
education using extended teaching contexts. It assesses pedagogical content 
knowledge (PCK) and compares it to pedagogical knowledge (PK). The test consists 
of text vignettes that describe authentically complex teaching situations in biology, 
chemistry and physics and then asks open-ended questions. It is analyzed by means of 
content analysis, thereby integrating quantitative and qualitative methods. The 
evaluation of the instrument is indicative of a valid measurement instrument and has 
shown promising potential for assessing competencies. We used the vignette test to 
compare the competencies of students in different training programs and with 
different educational backgrounds with the objective of improving science teacher 
education.  
The testing format developed in this study proved to be able to assess teachers’ 
professional competencies validly in their situational context of teaching. Results 
show a significant increase in competencies among science teacher students in the 
course of their training. The results of the control group (science students not pursuing 
a career in teaching) are remarkably poorer. Moreover, differences were identified 
when comparing the vignette based competency profiles of science teacher students 
and teacher students of other subjects, the latter scoring significantly lower in PCK. In 
addition, we compared competencies of students from different teacher training 
programs and found differences for students trained in interdisciplinary approaches 
(combining the disciplines biology, chemistry and physics) and students in separate-
discipline approaches.  

Keywords: vignette test, professional competencies, science education, teacher 
training 
 
INTRODUCTION 
Ever since the assessment of teachers’ professional competencies became a focus of 
research, adequate methods to capture such competencies in a valid way have been 
discussed. Taking existing vignette tests into account, we describe the further 
development of this approach. It aims at providing an instrument for testing 
competencies for science teaching validly and in their situational context. Moreover it 
compares the competencies of students in different training programs and with 
different educational backgrounds with the objective of improving science teacher 
education.  
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RATIONALE 
There is a growing interest in assessing teachers’ professional competencies as a 
crucial determinant for effective teaching. Underlying theoretical models are 
predominantly inspired by Shulman (1987), distinguishing pedagogical knowledge 
(PK), pedagogical content knowledge (PCK) and content knowledge (CK). Apart 
from these knowledge domains, Baumert, Kunter, Blum, Brunner, Voss, Jordan et al. 
(2010) also consider self-regulation (SR), beliefs and motivational orientations in 
their study on teacher competence for mathematics instruction. 

While traditional multiple-choice tests to assess teacher’s knowledge ensure “stable 
psychometric properties, easy test administration, and low scoring costs” (Kersting, 
Givvin, Sotelo & Stigler, 2008), their de-contextualized format might not be able to 
reflect the complexity of teaching. An alternative are texted-based or video vignettes, 
i.e. contextualized descriptions of classroom instruction. By measuring teachers’ or 
students’ ability to analyse and interpret the depicted teaching situation, their own 
teaching competence can be elicited and hence assessed (Kersting et al., 2008, Oser, 
Heinzer & Salzmann, 2010). To preserve the teaching context's authentic complexity, 
either video vignettes or comprehensive written descriptions that require different 
aspects of teachers’ competence are most appropriate. Video vignettes provide a 
maximum of situativity and authenticity and are therefore well suited to assess 
pedagogical knowledge (Voss, Kunter & Baumert, 2011). However, text vignettes 
have the advantage of permitting summaries of longer passages of a lesson. That way, 
situations can be described whose interpretation requires pedagogical content 
knowledge like for instance a teaching method that does not fit the content taught or a 
practical activity that is not well linked to scientific ideas (see Riese and Reinhold 
(2012) for the assessment of PCK in physics teaching). 

Even though vignettes with a close-ended answer format can easily be analysed 
statistically, this format has a number of shortcomings: Stecher, Le, Ryan, Robyn und 
Lookwood (2006) observe a tendency towards socially desirable responding. Besides, 
providing answer alternatives might give undesired hints on possible answers. Jeffries 
and Maeder (2011) point out that vignettes with open-ended answer formats are 
appropriate to provide evidence of problem solving and critical thinking. To analyse 
the texts produced by the participants of the study, content analysis according to 
Mayring (2000) is particularly suited since it represents an empirical, 
methodologically controlled approach and integrates quantitative and qualitative 
methods. 

Vignette testing therefore seems a promising approach to investigating a number of 
questions about the development of science teachers’ competence, including the 
effects of different accesses into science teaching. In particular, teacher candidates 
can be trained in interdisciplinary or separate-discipline (biology, chemistry or 
physics) approaches. Moreover, many science teachers are not trained in science at 
the university level, but in other school subjects, and some are scientists with hardly 
any training in teaching. 

Hence, the present study sets out to develop an instrument to assess science student 
teachers’ professional competencies with good context validity and to use this 
vignette test on assessing the teaching competence of students with different 
educational backgrounds. 
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METHODS 
A written vignette test was developed that uses authentically complex teaching 
situations along with open-ended questions. It mainly assesses pedagogical content 
knowledge (PCK) and compares it to pedagogical knowledge (PK). The proposed 
instrument describes eight extended teaching situations in biology, chemistry, physics 
and integrated science in text-format. The teaching contents are chosen for 
authenticity and coverage of professional competencies that are generally agreed on to 
be necessary for successful science teaching in literature (Baumert et al., 2010; Riese 
& Reinhold, 2012). The student teachers were asked to write down a feedback on the 
teaching situation. Using a coding manual, depth and breadth of the students’ answers 
were rated by means of content analysis (Mayring, 2000). Various criteria for validity 
were checked. Nonparametric tests were employed on the resulting ordinally scaled 
data. 

386 students from three universities in Germany and Switzerland participated in the 
study. The sample consisted of students from  
1) a teaching program based on a combined form of science teaching (integrating the 
three disciplines), with subsamples of students at different stages in the course of their 
training, 
2) a teaching program teaching the sciences (biology, chemistry or physics) in 
separate disciplines, with subsamples of students at the end of their university training 
and after a year of practical training called “Referendariat”1, 
3) a university science program not aimed at pursuing a career in teaching and  
4) teaching programs for subjects other than science. 

 
RESULTS 
Because the subgroup of students in the combined-science training program is rather 
homogenous, sharing all the rest of their courses and taking their classes in a given 
order, this group was selected for an investigation of the development of 
competencies over the course of their training. Figure 1 shows the mean ranks for the 
PCK- and PK-scales for these students at the beginning of their training and after 4, 6 
and 8 semesters. The CK- and SR-scales are represented by broken lines because of 
their limited relevance due to the small number of corresponding competencies 
covered by the test and are not considered further. When taking all competencies into 
account, the Mann-Whitney-U-test revealed a significant increase with small effect 
size (Z=-1.89, p=.03, r=.21). A Kruskal-Wallis-test showed significant differences in 
PCK (χ²(3)=21.31, p<0.001) and PK (χ²(3)=6.43, p<0.046) in the course of training. 
Bonferroni-corrected post-hoc analysis revealed an increase in PCK from start to after 
8 semesters (Z=-4.996, p<0.001, r=0.562) with large effect size, and an increase in PK 
from start to after 4 semesters (Z=-2.394, p<0.017, r=0.323) with a subsequent 
decrease from after 4 to after 6 semesters (Z=-2.355, p<0.019, r=0.279).  
                                                             
1 The students in the separate science program study in two phases: At first they attend 
courses at the university followed by a second phase of practical training called 
“Referendariat”. During that phase they are allocated to schools in order to observe 
other teachers’ instruction and gradually start to teach their lessons independently and 
also attend some courses. This does not exist in the combined science program where 
practical training is part of the university program taking place during the time there. 
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Figure 1. Mean ranks for combined-science teacher students in the course of training 
for the SR, PK, PCK and CK scales. 
 
The measured competencies of the separate-science students – whose training 
program allows for taking the classes in a random order – do not show a similar trend. 
However, combined-science teacher students right before graduation achieve 
significantly higher results in PCK (Z=-2.925, p=0.003, r=0.27) than separate-science 
teacher students (see figure 2). In PK they do not score significantly different 
(p=0.471).  

 

Figure 2. Mean ranks for science teacher students in combined and separate sciences 
programs for the PCK, PK, CK and SR scales. 
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In figure 3, the mean ranks for combined science teacher students are compared to 
those for science students of a technical university not enrolled in any teacher training 
programs. Both groups had taken the same amount of science courses. Significant 
differences become evident when taking all competencies into account (Z=-1.653, 
p=0.049, r=0.21), the teacher students scoring significantly higher on PK and PCK 
with large effect sizes (PK: Z=-3.924, p<0.001, r=0.50, PCK: -3.596, p<0.001, 
r=0.46). 

 
Figure 3. Mean ranks for science teacher students and science students from a 
technical university for the PCK, PK, CK and SR scales. 

 
Figure 4 shows the mean ranks for teacher students of school subjects other than 
science and compares them to the mean ranks for a subsample of the science teacher 
students (chosen for comparable overall university training time). While not scoring 
significantly different when taking all competencies into account (Z=-1.478, p=0.139, 
r=0.13), the science teacher students achieve significantly higher results in PCK (Z=-
2.301, p=0.021, r=0.21) and lower results in PK (Z=-2.843, p=0.004, r=0.26) when 
compared to teacher students of other subjects. 
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Figure 4. Mean ranks for science teacher students and teacher students for other 
subjects for the PCK, PK, CK and SR scales. 
 

DISCUSSION AND CONCLUSION 
The testing format developed in this study proved to be able to assess teachers’ 
professional competencies validly in their situational context of teaching. Results 
show a significant increase in competencies among science teacher students in the 
course of their training and allow for the identification of shortcomings in PCK and 
PK by analysing the subcategories mainly causing the differences (Brovelli, Bölsterli, 
Rehm & Wilhelm, 2013). The data permits a number of conclusions when comparing 
different groups of students. The results of the group of science students not pursuing 
a career in teaching are remarkably poorer identifying specific needs of career 
switchers into science teaching. Moreover, differences were identified in the 
competency profiles of science teacher students and teacher students of other subjects. 
The latter compensate their shortcomings in PCK and CK by focusing on PK with 
implications for the teaching style of teachers coming from other subjects. Differences 
for students from different teacher training programs (separate vs. combined 
disciplines) show potential for improvement of the programs, but also confirm that the 
newly developed combined science teaching program is successful in developing 
students’ PCK, resulting in equal or higher competencies than for the separate science 
program. 
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Abstract: We present a proposal for preservice science teacher education entitled 

“Aprendiendo a Enseñar Ciencias en Primaria -Learning to Teach Primary Science- 

(APENCIP Workbook)" (Rivero et al., 2012). We take as referents for this workbook: 

inquiry-based science education; teacher education by inquiry into professional 

practical problems; the interaction with innovative teaching practices through 

audiovisuals. In the first part, the students prepare a plan to teach some specific 

content. The discussion and analysis of their proposals will serve as an initial contrast 

between the different teams, and an introduction to the professional problems they 

will have to address during the course (the intention being to clearly relate these 

problems with elements of the curriculum). In the second part, each curricular element 

and the problems it raises will be worked on sequentially. We shall begin by 

analysing the first version, and then compare and contrast it with various documents. 

The process culminates with work on a script for reflection aimed at setting out each 

team's position relative to the curricular element being analysed, and the team 

members' responses to the problems addressed. After analysing all the curricular 

elements selected, a second version of the teaching plan will be elaborated. In the 

third part, how inquiry-based science education is actually put into practice in the 

classroom will be visualized from video material and analysed, and a third version of 

the plan will be elaborated. The final activity is to compare the three versions, and to 

evaluate the entire process. Our intention is to investigate the prospective teachers' 

progression of knowledge in this process, and the possible influence that the course, 

especially the use of videos, may have had on that progression. Currently the 

workbook is being used in five classes at the University of Seville. 

Keywords: Preservice Science Teacher Education, Science Methods Courses, 

Professional Practical Problems, Inquiry-Based Science Education, Theory-Practice 

Relationship 

 

INTRODUCTION 

We present a proposal for preservice science teacher education entitled “Aprendiendo 

a Enseñar Ciencias en Primaria -Learning to Teach Elementary Science- (APENCIP 

Workbook)" (Rivero et al., 2012). We take as referents for this workbook: inquiry-

based science education; teacher education by inquiry into professional practical 

problems; the interaction with innovative teaching practices through audiovisuals.  
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The aim of our team is to investigate the progression of prospective teachers' 

knowledge about inquiry-based science education when they are participating in a 

course which uses the APENCIP workbook, and the influence the course has on that 

progression. Currently, the workbook is being used in five classes at the University of 

Seville, and although we have no results yet, we hope to be able to present them at the 

Conference. In this present communication, we describe the features of the workbook 

in some detail.  

THEORETICAL FRAMEWORK  

Previous studies with small samples, in which we adopted some of the formative 

principles underpinning the APENCIP workbook, identified a certain progression in 

prospective teachers' knowledge – from a teacher-centred to a more pupil-centred 

approach to teaching, although without actually reaching a true inquiry-based focus 

(Porlán et al., 2011; Martín del Pozo, Porlán & Rivero, 2011; Rivero et al., 2011).  

To try to facilitate our students' better learning, we assume various principles in the 

APENCIP workbook:  

Inquiry into practice, consistent with what we propose for teaching Primary pupils. 

Inquiry in this context implies creating with some rigour an interaction between 

meanings originating from the inquirer, from other persons, and from phenomena of 

reality, with the aim of addressing necessary or interesting problems, and thereby 

contributing to professional change (Crawford, 1999).  

Organizing our teacher education around professional practical problems. There is 

broad consensus among researchers on the need for prospective teachers to learn to 

question their approaches to fundamental curricular problems of teaching practice 

(what to teach and why, which tasks to set in class, how to monitor the evolution of 

the class and their pupils' learning, etc.), and to initiate robust change towards 

knowledge that is more consistent with the contributions of educational research and 

innovation (Watters, J. & Ginns, I., 2000; Zembal-Saul, Krajcik & Blumenfeld, 2002; 

Russell & Martin, 2007).  

Interaction with innovative teaching practices rather than just with theoretical 

information. For several authors, direct exchanges with innovative practices constitute 

the most promising way to provoke genuine professional development (Tillema, 

2000). In Preservice Education (at least at the University of Seville), direct contact 

with practice is completely detached in time and space from the rest of the courses the 

students have to take. In science methods courses there is therefore no possibility of 

analysing either the practices undertaken by the students or the professional practice 

of other teachers. Included in the proposal set out in the APENCIP workbook are 

audiovisual materials specifically created to offer students the opportunity to see and 

discuss innovative practices. Various authors have examined the importance of using 

videos in education (Santagana, 2009; Ezquerra, 2010; Richoux y Tiberghien, 2012). 

We realize that even in a single image, and more so in a sequence, there is so much 

information that students may be distracted away from the relevant points. But we 

believe that viewing and analysing images that reflect a classroom that is both current 

and in a context that is close to them will allow them to meaningfully access the 

information, lend credibility to the innovative proposals being presented (about which 
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they usually have very little personal experience), and help construct richer and more 

detailed models of science teaching.  

ACTIVITIES FOR LEARNING TO TEACH INQUIRY- BASED 

SCIENCE 

The APENCIP workbook is organized in a sequence of teacher education activities, 

beginning with work on the prospective teachers' ideas and experiences. Through a 

process of comparing and contrasting with support documents, and statements and 

actual practices of in-service primary teachers implementing inquiry-based teaching 

in their classes, we seek to improve these initial ideas about teaching (see Table 1).  

 

Table 1:  

Proposed teacher education activities 

                      Initial activity  

- Presentation and negotiation of the proposed course work  

- Formation of 3 to 4 person teams  

- Questionnaire with statements about science teaching and learning  

 
First Part Activity 1. Elaboration of the first version of the Plan Teaching a   

specific content of the science curriculum.  

Activity 2. Analysis by the teams of the first version of the Plan. 

 Analysis by another team  

- Annotate possible improvements to the first plan  

   
Second 

Part 

Activity 3. What to teach?  

- Analysis of the content in the first version  

- Working with documents of different types (the 

official curriculum, exemplifications, theoretical 

reflections)  

- Script of reflection on classroom content  

- Reworking the classroom content  

Activity 4. Do you have to take into account the pupils' ideas in order to  

teach?  

- Analysis of the pupils' ideas in the first version  

- Working with documents of different types (the 

official curriculum, exemplifications, theoretical 

reflections)  

- Script for discussing pupils' ideas  

- Reworking the treatment of pupils' ideas  

Activity 5. How to teach?  

- Analysis of the teaching methodology in the first 

version  

- Working with documents of different types (the 

official curriculum, exemplifications, theoretical 

reflections)  

- Script of reflection on the teaching methodology  

- Reworking of the teaching methodology  
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Activity 6. Why, what, and how to evaluate pupils?  

- Analysis of the evaluation in the first version  

- Working with documents of different types (the 

official curriculum, exemplifications, theoretical 

reflections)  

- Script of reflection on the evaluation  

- Reworking of the evaluation  

Activity 7. Second version of the Teaching Plan 

Third Part Activity 8. The practice of inquiry-based science education. 

- Watching the video  

- Script of reflection on practice  

Activity 9. Third version of the Teaching Plan. 

 

                      Final Activity  

- Valuation of the course and of your own learning  

- Questionnaire with statements about science teaching and learning  

 

 

As one observes in Table 1, in the second part each curricular element is analysed, 

starting with the characterization of the first version. Table 2 presents the first activity 

in the case of the teaching methodology.  

 

Table 2:  

First analysis of the methodology in the first version of the Teaching Plan 

Methodology First Version 

What types of activities have 

been proposed? Why did you 

choose those? 

 

What characterizes the 

proposed activities? What is 

the point behind them? 

a) The activities are practical situations with the 

pupils as protagonists that seek to motivate them, 

involve them in the process, etc.  

b) The activities are each of the situations that 

constitute the teaching and learning process, and 

seek to promote the pupils' own construction of 

knowledge.  

c) The activities are practical situations in which 

pupils apply the theory in order to enhance their 

learning.  

d) If you do not identify with these options, what is 

your initial proposal like?  

Explain why you chose that option  

What determines the order of 

activities that have been 

proposed? 

a) There is nothing to explain the order – the 

sequence came out randomly, without any 

criterion.  
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b) The pupils' ideas, in the sense that one follows a 

sequence of the type: finding out what their ideas 

are, providing information to correct any errors 

and gaps found, and seeing if their ideas have 

changed.  

c) The conceptual content, in the sense that the first 

thing you do is connected with the first concept, 

the following with the second concept, and so on.  

d) If you do not identify with these options, what is 

your initial proposal like?  

Explain why you chose that option 

 

To help the students structure the new ideas that are developed during the process of 

comparison and contrast with the various documents, it is proposed that they respond 

to a script of reflection. See the example presented in Table 3 for the case of the 

methodology of teaching.  

 

Table 3. 

Script of reflection on the methodology 

 

Script of reflection on the Methodology of Teaching 
1. Enumerate the different types of activities that seem to you best suited for teaching 

and learning science. Try to classify them by selecting the criteria yourselves. 

2. Some authors define an activity as a programming unit. Accordingly, a teaching 

plan will consist of a set of temporally ordered activities, regardless of whether it is 

the pupil or the teacher who has the more prominent role, or neither. I.e., an activity 

can refer to a teacher's explanation, a small-group work session, a debate, an 

experiment, etc. What is your opinion on this? Reason your response. 

3. So what is the purpose of activities? I.e., what do you think their role is in science 

teaching and learning? 

4. Some authors argue that behind every activity plan there lies a methodological 

model. These models are characterized by a series of ordered phases. For example, 

the following phrases reflect different models in which there is a change in the 

phases or their order:  

a) Explain the theory first and do practical work to apply it.  

b) The ideal is to start with activities of observation, then to present the theory, and 

finally to check what has been learnt by means of an examination.  

c) First you have to find out what the pupils' ideas are, then explain the errors that you 

found, and finally give a verification test.  

d) You have to start by posing a problem, then the pupils should reflect on their ideas, 

later activities should be done for these ideas to evolve, and finally a synthesis has 

to be made of what they have learnt.  
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e) You must begin with motivational activities, then experimental activities, followed 

by activities with the teacher's explanation, and finally activities of application.  

f) Etc.  

In connection with the foregoing, describe and justify the methodological model that 

you would now follow. 

5. Indicate three key ideas on the methodology of teaching. 

6. Given what you have answered so far, do you want to make any changes to your 

initial methodological proposal? What kind of changes? Explain why you want 

introduce these changes. 

 

In short, our intention with this teacher education proposal is to overcome the idea 

that "in order to teach, what is needed is to know the content because the rest is learnt 

by teaching" by fostering the evolution of our prospective teachers' curriculum 

designs towards a more inquiry-based approach. We try to bring in-service teachers' 

innovative practices into initial teacher education, promoting a positive and 

professionalized image of teaching and teachers which should help develop interest in 

the career and foster its deserved social appreciation (Rivero et al., 2012).  
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CHANGE 
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Abstract: Our interest in this work is to develop and implement a Likert-scale 

questionnaire on primary science teaching. We performed a study with a sample of 

404 students in Preservice Primary Education enrolled in a Science Methods Course 

at the University of Seville. To this end, we designed and validated a 6-point Likert-

scale questionnaire on which the individual prospective teachers expressed their 

degree of agreement or disagreement with a series of statements about science 

teaching and learning in Primary Education. In drafting the statements, we took into 

account two basic referents: (i) the usual level at which our students begin (starting 

level, as defined by previous studies with small samples), which coincides with a 

transmissive perspective on science education (Traditional Model); and (ii) the target 

levels that we consider desirable, consistent with inquiry based science education 

(Inquiry-Based Model). The results indicated that the prospective teachers were in 

agreement with inquiry-based science education, although there co-existed deeply 

rooted traditional ideas. 

Keywords: Preservice Science Teacher Education; Primary Science Education; 

Methodological Instruments 

 

INTRODUCTION AND RATIONALE 

Several studies have suggested that prospective teachers begin their science education 

courses with ideas that coincide with the Traditional Model of teaching, and that they 

can evolve to a more pupil-centred than teacher-centred view, but without reaching an 

Inquiry-Based Model for science education (Porlán et al., 2010, 2011; Martín del 

Pozo, Porlán & Rivero, 2011; Rivero et al., 2011). 

Table 1 summarizes the characteristics of these two models, which we used to serve 

as referents for the present work (García, 2000). 

 

Table 1:  

Current teaching models (García, 2000) 

                    Traditional Model  

(TM)                              

Inquiry-Based Model  

(I-BM) 

Pupils' ideas, interests, and 

needs 

Not considered Considered 

What to teach A simplified form of the Alternative (school-level) 
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discipline's knowledge knowledge which includes 

various referents (of the 

discipline itself, of 

everyday life, scientific) 

 

How to teach 

Methodology based purely 

on the transmission of 

information 

Activities confirming the 

transmitted information 

The pupil's role is to listen, 

memorize, and reproduce 

the transmitted content 

The teacher's role is to 

present the topics, and to 

keep order in the 

classroom 

Methodology based on the 

idea of inquiry on the part 

of the pupils 

Problem-based activities 

The pupils' role is to be 

active participants in their 

learning process and 

responsible for the 

construction of their 

knowledge. 

The teacher's role is as 

facilitator or counselor in 

the process, and as a 

researcher in the 

classroom. 

Assessment  Based on repetition of the 

set content 

Product-centred 

Done by means of tests 

and examinations 

It is the instrument used to 

monitor the evolution of 

the pupils' knowledge, of 

the teacher's intervention, 

and of the use of inquiry in 

the classroom. 

Process-centred 

Done by means of multiple 

instruments. 

 

Our intention is to develop a questionnaire that will allow one to discern the presence 

of these perspectives in prospective primary teachers when they are participating in a 

science method course. 

To this end, in addition to the aforementioned models, we reviewed other instruments, 

such as the Inventory of Educational and Scientific Beliefs, INPECIP (Porlán, 1989; 

Porlán, R., da Silva, C., Mellado, V. & Ruiz, C., 2007), the Professional and 

Pedagogical Experience Repertoire (Loughran, Mulhall & Berry, 2004), and others 

(Martinez & al., 2001; Marin & Benarroch, 2010). 

 

METHODS 

We conducted a survey-type, descriptive, quantitative study relating to four key 

curricular categories (see Table 2). For each of these categories, we defined three 

subcategories. Four items were drafted for each subcategory, two corresponding to 

what we consider the starting level (coincident basically with the Traditional Model), 

and two with the reference level (Inquiry-Based Model). The questionnaire therefore 

comprised forty-eight items. The instrument was administered towards the end of the 
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science method course. The students (four hundred and four in total) were divided 

into eight groups, each of which was assigned to a different teacher. 

 

Table 2 

Curricular elements to investigate 

 

Categories Subcategories Referents 

1. School content. 1.1.Formulation/presentation of 

the content 

1.2. Content selection 

1.3. Type of content 

Starting 

Level  

(coincident 

with the 

Traditional 

Model,  

TM) 

Reference 

Level  

(coincident 

with the 

Inquiry-

Based 

Model,  

I-BM) 

2. Pupils' ideas 2.1. Nature of the pupils' ideas 

2.2. Changing the pupils' ideas 

2.3. Using the pupils' ideas. 

3. Teaching 

methodology 

 

3.1. Sense of the activity 

3.2. Types of activities 

3.3. Methodological sequence 

4. Assessment 4.1. Sense of the Assessment 

4.2. Assessment criteria 

4.3. Assessment instruments 

 

The methodological sequence followed for the acquisition and analysis of the 

information is shown in the following figure: 

 

 

                        Figure 1. Methodological sequence followed in the study 

 

 

Designing the firt 
version of the 
questionnaire

Evaluating expert 
judgments

A pilot test with a 
group of students 

who have completed 
the course of 

scicence education 
and discussion

Modifying the 
instrument

Final version of the 
questionnaire

Implementation and 
the filling out the 

questionnaire

Data collection: 
conceptions

Using the 
Statistical Package 

for the Social 
Sciences (SPSS)

Descriptive 
analysis of the 

information
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The descriptive analysis of the data was done using SPSS vn 18.0, computing the 

percentages, averages, and standard deviations for each item. To verify that the 

differences found in the results were statistically significant, we subjected them to a t-

test for related samples with an alpha level set at 0.01 and a confidence level at 0.99. 

 

RESULTS 

The results indicate that most of the prospective primary teachers are in agreement 

with an inquiry-based science education, with the differences of acceptance between 

the means of the scores of the items corresponding to the two models being 

statistically significant (p-value 0.00, < 0.01). In some cases however, there remained 

certain deeply rooted traditional conceptions. We shall describe each of them in what 

follows. 

With respect to changing and using the pupils' ideas, nearly half were in agreement 

with the consideration that learning is a process of the pupils retaining scientific 

content in their minds (48%), or that it consists in replacing their "erroneous 

conceptions" by the scientific "right or appropriate conceptions" (60.7%). Most 

believe that one needs to pay particular attention to the pupils' initial ideas so as to 

determine their starting level (89.6%) (see Figure 2). 

 

 

Figure 2. Percentage of participants’ responses related to changing and using the   

pupils' ideas 
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With respect to the selection content in science education, scientific knowledge is the 

main and almost sole referent (55.8%) (see figure 3). 

 

 

        Figure 3. Percentage of participants’ responses related to the selection content 

With respect to methodology, most consider that activities involving situations of 

practical applications should come after the teacher's theoretical explanation (81.5%). 

Also, more than half believe the appropriate methodological sequence to be one that 

begins with theory and then continues with activities (54.1%) (see figure 4). 

 

 

        Figure 4. Percentage of participants’ responses related to the methodology 
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Finally, with respect to assessment, more than half hold that the purpose is to 

discriminate among pupils so as to decide which should pass to the following courses 

(63%). They believe that pupils should be evaluated (70,5%), and that the tests should 

be kept anonymous and should be prepared in accordance with the pre-set level that 

the teacher has programmed (57,9%) (see figure 5). 

 

 

        Figure 5. Percentage of participants’ responses related to the assessment 

 

CONCLUSIONS 

The present results are consistent with those of other studies in that change in 

professional knowledge is slow and gradual, and one needs to temper one's 

expectations regarding preservice teacher education (Flores, López, Gallegos, and 

Barojas, 2000). They also support the findings of other studies in that there appear to 

exist deep-lying obstacles to change: the pupils' ideas have no epistemic value and 

scientific knowledge represents absolute truths (Porlán et al., 2010 & 2011; Martín del 

Pozo, Porlán & Rivero, 2011; Rivero et al., 2011). 

In our research team, we intend to use the questionnaire with samples of prospective 

teachers participating in science methods courses with an orientation to addressing the 

major obstacles against change. In that study, we shall also apply other research 

instruments and techniques to investigate in depth the conceptions about teaching and 

learning science that prospective teachers hold at the time they are beginning their 

teacher education, and the changes that occur during their participation in the course. 
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Abstract: Can an innovative boundary-crossing activity strengthen science trainees’ position 

as critical, reflective practitioners, and create a space for professional development of both 

university staff and experienced teachers in school? This paper reports on an innovative 

departure from standard practice in postgraduate initial teacher education in England. 

Normally science trainees are in school for two-thirds of the year, and in university for the 

remaining third. In 2012-13, three school-based days were introduced into the university-led 

element of the course, constituting an extension of bridging between practice and 

theoretically-informed reflection on practice. The research focused on twenty trainees in one 

school over three days, with comparisons with other trainees in other schools. The first aim 

was to build a valid description of the nature of the activity and its purpose: what it was, and 

what it meant, to the different participants. Trainees were interviewed before and after each 

day in school, and planning, teaching and reflection sessions were observed. Documents 

generated through the process were interrogated in relation to this core data to deepen the 

analysis of the activity. Main findings reflect trainees’ developing ability to critically reflect 

on episodes of science learning that they had planned, using evidence from pupils. Findings 

demonstrate the extent to which this critical analysis is informed by significant ideas from 

science education research, and to which it reflects a shift in the position of the trainees as 

educators. Such shifts occur in tension with a pragmatic orientation, in the context of a regime 

in which teachers in all schools are strongly accountable for the performance of their pupils in 

national tests, and illustrate the speed and extent to which the thinking and practice of new 

entrants to the profession can be influenced by reductionist ideas of educational quality. 

Keywords: Initial Teacher Education; Peer Interaction; Science Inquiry 

INTRODUCTION 

Research question: How do trainees’ positions as science educators change as they engage in 

collaborative school-based university-led activity during the course of a postgraduate teacher 

training year? 

The broader policy context of this development activity is relevant to the way this kind of 

activity is perceived and interpreted by participants and others involved in the English 

education system. Currently, the balance between school and university involvement in 

teacher training is being put under scrutiny, as the stated intention of government policy 

emphasises leadership by schools of the teacher training process (BERA, 2013). This has 

been brought about to some extent by the perceived savings that might be possible in a time 

of austerity, but more directly by the government’s stated mistrust towards university 

involvement in teacher training. In this context, there is an increasing onus on university ITT 

providers to support school-led processes of admissions, quality control and training. There 

are also a small but increasing number of schools working on setting up their own teacher 

training, with light touch quality assurance from universities.  

This article is not about the merits of the case for or against teacher education with strong 

university involvement. Rather, it is an exploration of the opportunities for science teacher 

education created by this crisis. Teacher education in England has long been conducted as a 

partnership between university and school, with trainees in schools for two thirds of the post-
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graduate teacher training year (PGCE) and in university for the remaining third. Within that 

year, the PGCE trainee typically moves from novice teacher with a relatively narrow 

specialist science focus, to become a competent classroom practitioner with a broader 

knowledge of science and specialist science pedagogy. It is a year that presents the trainee 

with multiple challenges: to learn how to work effectively with young people in a classroom; 

how to construct effective sequences of learning; how to assess and use assessment to guide 

learning; to build a deeper, more practical and connected understanding of science, and at 

least to begin to learn how to approach the teaching of particular topics and areas of study 

within science.  

The study reports on an innovative departure from standard practice in one university-school 

partnership in the north-west of England, involving 80 trainee science teachers. In 2012-13, 

three school-based days were introduced into the university-led element of the course, 

constituting a collaborative extension of bridging between practice and theoretically-informed 

reflection on practice. For university teacher trainers, the intention of this development was to 

strengthen trainees’ position as critical, reflective practitioners in relation to key issues in 

science education, and in addition to create a space for professional development of both 

university staff and experienced teachers in school. However, once a complex collaborative 

activity begins which involves several groups of people, many other motivations are 

developed and set to work. This article looks critically at how these different intentions 

influenced what the activity actually was for different participants, and what some of the 

outcomes of the activity were. Curriculum theorists have long recognised the difference 

between the curriculum as written, as enacted, and as experienced. The recognition in this 

paper is that this applies just as much to a curriculum for teacher training as it does to a 

science curriculum for young people in school. 

In preparing for each of these days, trainees spent time at the university in groups of five, 

making plans and materials for a lesson at lower secondary level on a topic negotiated with 

the school. They then taught those lessons, or assisted by generating data through observation 

in the classroom, for example by recording episodes of pupil talk related to the focus of the 

day. Teachers of the classes involved were asked to introduce the trainees to the class, and to 

monitor the lesson, and were free to observe as closely as they wished. University tutors 

observed parts of the lessons being taught by the different groups, which for timetabling 

reasons were often running simultaneously in different laboratories. In the afternoon, trainees 

reflected and wrote a collaborative report on classroom processes and on the learning 

outcomes for pupils. This reflection created the possibility of some reflective educational 

dialogue between trainees and university tutors, with the involvement of teachers in the 

school if they wished. 

THEORETICAL FRAMEWORK 

The school-based days constituted a shared activity, involving the negotiation, argument and 

resolution of tensions that are inherent in all such activity. The process was initially framed 

by the university staff in introducing the days to the trainees and to staff in school, but the 

shift of location out of the university into a school, and the onus placed on trainees to 

collaborate in making plans for teaching young people that they had not previously met, 

signifies a shift of control away from the university staff. The use of explicit theory in 

education is not always justified, but the intention here is to describe the relationships 

between participants, their intentions and the activity in which they engaged, where no party 

has control of how that activity develops. In this context, activity theory (Roth, 2007) offers a 

useful language and set of concepts. This is not the place for a long description, but activity 

theory is a framework which identifies the dynamic development of activity in pursuit of a 
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goal by people working collaboratively, through the use and development of tools, the 

division of labour, the development of community and shared resources.  

It was clear that the way the participants acted and interacted would change the nature of the 

activity and vice versa. For example, if a group of trainees became fully involved in planning 

a lesson, supporting each other and creating some interesting learning episodes, that would 

potentially affect the value that teachers in school placed on the activity as a whole, and on 

how they decided to contribute to it themselves. Similarly, given the innovative nature of the 

activity, the response of trainee teachers to the opportunities created was likely to influence 

the approach taken by university tutors to further development. It was entirely possible that 

the school based days would create particular problems, through comparisons, distribution of 

work, or sense of identity. Activity creates opportunities for further activity, but not 

necessarily those anticipated and not always in the direction intended.  

Activity theory is helpful in this context because the concepts that it highlights raise 

awareness of the complexity of such shared activity. The goal of the activity is one such 

concept. In pursuit of the university tutors’ goal of strengthening trainees’ position as 

critical, reflective practitioners in relation to key issues in science education, the activity of 

teaching a science lesson together is facilitative, because it provides trainees with a clear 

motivating purpose, has obvious direct links with their developing practice, and also involves 

opportunities to directly observe each other as teachers. To some extent, the teachers in the 

participating schools share the goal here, but there are differences too: the university staff 

and organisation places a greater focus on explicit understanding of pedagogical content 

knowledge, for example, whereas teachers in schools tend to focus on generic pedagogical 

skills. For novice trainee teachers, the goal of the activity is perceived differently again. The 

goal of becoming a critical, reflective teacher is not one that it is possible to understand 

clearly when one is a novice. There are many reasons for this: for example, much of the 

experienced teacher’s skill is implicit and cannot even be perceived by a novice; and the 

public discourse of teacher quality focuses on a narrow set of capabilities which in no way 

encompasses all that teachers need to be able to do.  

In the light of these differences in perceived goal, the activity introduces and is then shaped 

by contradictions, with different participants using different frames of judgement to interpret 

their goal, and to judge what constitutes achievement of that goal. These contradictions can 

become the raw material for informed reflection. The possibility of reflective discussion 

between the various participants motivated by these contradictions is potentially educative. 

It is worth briefly examining the context in which the UTD was introduced, looked at through 

the lens of activity. In the normal structure of the PGCE, university and school act as two 

different activity systems, with different goals, resources, communities all shaping in quite 

different ways the development of trainees through their engagement in that activity. 

Connections between those activity systems are deliberately made, through visits by 

university tutors, by university training of school mentors, and by a significant set of 

protocols and assessment systems. University tutors and mentors are committed to negotiation 

and trouble-shooting where tensions develop over expectations on the part of trainees or 

school staff, but it is largely left to trainees to make sense of these connections on a day-to-

day basis, informally and collaboratively, with peers. In this sense, the UTD represents a 

greater involvement by the university staff in addressing the issues created by this necessary 

but potentially challenging approach to the training of teachers.   

If we consider the learning teacher at the centre of all teacher training activity, then from the 

trainers’ point of view, participation in that activity is intended to shift their position towards 

becoming more skilful and knowledgeable across a range of dimensions (in ordering and 
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organising learning contexts, in building pedagogical relationships with individuals and 

classes, in developing pedagogical content knowledge, for example). In order to achieve this, 

each particular activity needs to be appropriately framed and timed to be challenging, but not 

too challenging, so that the trainee’s capacities are extended. It was with this in mind that 

university staff decided on the particular pedagogical focus of each of the three school-based 

days. Experienced science teachers make implicit use of many powerful theoretical concepts 

and practices, and the selection from these aimed to fit with the stage that trainees had 

reached in their development; and to find relevance from the perspective of teachers in the 

schools. In each case, the focus was a combination of a general pedagogical approach and a 

specific aspect of pedagogical content knowledge.  

METHODOLOGY 

The research methodology for this study focused on twenty trainees in each of two schools 

over the course of the three school-based days, with comparisons with other trainees in the 

other two schools involved. The first methodological aim was to build a valid description of 

the nature of the activity: what it was, and what it meant, to the different participants 

(trainees, tutors and teachers). This was done mainly through interviews with trainees before 

and after each day in school, and through observations of planning, teaching and reflection 

sessions. In one school, a doctoral research student assisted in generating data through 

observation and conversation with trainees; in other schools, university staff observed and 

discussed the process and outcomes with trainees, and made notes on these. Documents 

generated by young people and by trainees in the course of each day were interrogated in 

relation to this core data. This data was analysed to generate findings in relation to the overall 

research question about shifts in trainee teacher positions in response to this collaborative 

activity.  

The account of the activity is structured to give a view of the shifting position taken by 

trainees through time, as well as demonstrating the similarities and differences between 

trainees, teachers and tutors in different schools. The school-based days are discussed in 

chronological order, with a focus on activity in Steepbank School, in a largely white, socio-

economically disadvantaged semi-rural community. Comparison is made with Fortriver 

School, in a slightly more ethnically mixed, similarly relatively disadvantaged community on 

the edge of a large housing estate. 

FINDINGS  

UTD1 (October 2012): General pedagogical focus: questioning  PCK: 

misconceptions 

The school-based days were given the name ‘UTD days’, standing for ‘university training 

department’, as opposed to the idea of a UTS (university training school) that was being 

discussed as a possible alternative approach to organising teacher training. UTDs were 

envisaged as science departments in schools committed to extending their participation with 

the university in the training of science teachers. This account describes the UTD days based 

in Steepbank and Fortriver, focusing in each case on one group of trainees, comparing their 

perceptions and experience to that of other trainees, and to that of teachers in the school and 

the university tutors.  

Heads of science in several partner schools were invited to take part in the UTD by email: 

‘…trainees will spend some part of the morning in one of four science classes, team teaching 

in groups of five trainees.  Following the teaching the 20 trainees will reconvene in a suitable 

room in school to evaluate and discuss the team teaching experience.  Further seminar work 

will continue in school in the afternoon, where issues will be explored, drawing on the 
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experiences of the team teaching where appropriate.  School colleagues will be welcome to 

join the debriefing or the seminar discussions where their timetables permit.  School staff may 

also wish to lead a seminar group instead of, or with, the tutor.    We hope that this will 

prove to be a very valuable learning opportunity for the trainees, schools staff and university 

tutors, and a great extension of our partnership…’ (email to heads of science, September 

2012).  

The tone here is explanatory and inviting, but it is noticeable that care is taken not to expect 

too much of busy teachers: ‘school colleagues will be welcome…’, ‘school staff may 

wish…’. The follow-up email to participating schools again highlights the potential value to 

the science department of the work of the trainees. Heads of department are asked to identify 

topics that trainees should focus on.  

Trainees were briefed on the UTD with a focus on the written product expected of them, as 

well as on the pedagogical theme. They were asked to produce a written document “for the 

science teachers in the school… a summary document – doc, ppt, other – summarising and 

exemplifying key misconceptions about the topic their pupils are about to engage in”. This 

was the explicit task, aiming at a product ostensibly useful for the teachers in school, and it 

was grounded with reference to work on misconceptions from the CLIS project: “In case 

studies of classroom learning we have frequently observed a mismatch between what the 

student thinks and what the teacher thinks the student thinks” (CLIS reference). The proposed 

documents are imagined here as potentially useful to school colleagues; there is no way of 

knowing whether they will in fact be any such use, but in any case they relate back to an 

important aim of the university staff: not to use the schools, only, but to be of use “in the 

professional development of both university staff and experienced teachers in school”.  

These communications with science departments and with trainees for this first UTD day 

demonstrate the goals that university staff had for the activity: for it to be relevant to school 

staff as well as to trainees; for it to be focused on a relatively challenging topic at an early 

stage in the course, and for it to be a collaborative, engaging experience for all parties 

involved.  

Steepbank: In order to give a clear idea of the approach taken by trainees, this account follows 

a group of five through the process of preparing for and reflecting on the first school based 

day. While planning their lesson in the university before the day, Group 1 focused on one 

topic from the list (relating to disease) and decided to incorporate aspects that would tie in 

with other topics. They discussed what they thought they would visualise if they were 

students. For example the question ‘what are bacteria?’ led them to explore the imagery found 

in adverts etc, selling toilet cleaner (bacteria as blobs with legs). Their intention in 

considering resources was to make the activity as engaging as possible in order to elicit as 

much from the students as possible. Elicitation of misconceptions dominated the conversation 

and there was no talk of any intervention to ‘teach’ the students anything. One member of the 

group was proficient in making video and they agreed to use this to add a story to the activity, 

again with the intention of engaging students. The group clearly saw the overall task as an 

elicitation exercise and seemed keen to learn as much from it as possible. This involved 

developing tasks that would engage the students and keep them talking.  

On the day, before the lesson, the group talked through their plans. The guiding question was 

‘How you catch a disease?’ To introduce the activity, they would use face paints to make one 

of the trainees look sick to see what reactions are. There was then a poster activity in which 

groups of students would draw and annotate their ideas of how people get sick, then a video 

of ‘a day in the life of’ a trainee teacher as he engaged in risky activities, followed by a 

discussion of how people get sick. They were concerned mainly with elicitation and not 
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intending to correct misconceptions. Where possible they wanted to explore students’ 

understandings of how the mechanism of catching a disease worked. 

The opening of the lesson was standard protocol for the science department at the school: 

‘Good morning class, are you ready to learn?’ ‘Yes we are ready to learn’. They then 

immediately switched the focus: ‘We’re delighted that you are ready to learn, but we want to 

learn from you today. We want to learn exactly what you know about why you get ill, how 

disease gets into your body – and how it could spread’. The facepainted trainee engaged 

students to some extent, but the key activity was with the posters, given out to groups with the 

outline of a person, with groups asked to draw on the diagram how you get a disease (Figure 

1). Trainees actively moved around the class to arrange the students into groups of 4 and give 

out sheets. A different coloured pen was given to each person to try and get different 

misconceptions from individuals. In fact, the more artistic students decided to use all the pens 

to make their meaning clear. This section of the lesson was all elicitation, with a typical 

response to questions from pupils being ‘well, you tell me what you want to put?’ The 

trainees circulated asking why things were drawn as they were, and eliciting further 

explanations for what was included, asking students were then asked to write that information 

down, such as: ‘Public toilets have a 1000 STDs in them’ (STD: sexually transmitted 

disease).  

The trainees were upbeat in the class, and created a comfortable atmosphere that was very 

non-threatening. They appeared genuinely interested in what the students wanted to tell them 

and encouraged them to give more information: ’where else would that be?’, ‘what do you 

think?’. This was aimed at individuals as well as the group, with quieter students coaxed into 

contributing by at least two of the trainees. The class was then brought together to draw a 

diagram on the board that was built up using all the groups’ ideas. Again, this continued the 

elicitation.   

The video showing a ‘day in the life’ of a trainee (before he became sick) had some obvious 

incidents that could explain how he became infected. This was shown, then replayed with 

short breaks to allow discussion about different aspects. The trainees asked the students 

why/how germs can be caught and still maintained that encouragement to get them to talk. A 

number of the students were really engaged with this and wanted to give their opinions. 

Overall, there was elicitation only and good class room management by the group to achieve 

this. The lesson included no intervention/correction/teaching.  

Afterwards, trainees reflected on their lesson, 

summarized here using trainees’ words: “The aim was 

to get as many of the pupils’ thoughts on the subjects as 

we could. We processed and thought about this. We 

wanted to give them a chance to talk about the subject 

without any external input or bias. We gave free reign 

at the beginning and later directed them to think more 

about particular elements more deeply. It was very 

difficult not to lead them. I wanted to tell them the 

answers and it was very hard not to. But they were very 

confident in themselves so made it easier. They argued 

between themselves, so we didn’t need to intervene. 

There was a lot of ‘isn’t that right miss?’ not ‘is that 

right?’, demonstrating their confidence in their ideas. 

The activities moved them on so it didn’t lead them to 

dwell on the task too much. We had to stop them as 

they could have gone on for hours. Some elements were 
 

Figure 1. Pupil group poster on 

how disease gets into the body 
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surprising such as smoking or cancer. It was interesting to see what they know.”     

The experience of other groups at Steepbank differed in various significant ways from that of 

Group 1. Group 2 were very concerned about being in the classroom for the first time. They 

understood the task to involve the elicitation of the misconceptions, but felt that the 

intervention stage was equally important. They decided to structure the whole lesson around 

small groups as a carousel, so that the interactions were short and with only a few students at 

a time. They wanted this security in keeping students’ attention. Group 3 were concerned to 

pre-empt the misconceptions that would come up and develop their activity around these 

ideas. They too saw themselves as teaching/correcting the misconceptions more than finding 

out what they were, to the extent that their research of what they should expect fed into a 

Q&A worksheet that addressed these points as true or false statements. Group 4 were 

concerned about understanding what had been covered on fertilisation etc and what that 

would mean when it came to misconceptions about twins. They ‘wanted to get as much as 

possible from the students… we wanted to get their thought process and questioned them to 

do this… We wanted them to know two or three things as it isn’t fair just to take from them. 

We wanted to give them something as it wouldn’t have felt right to not give them answers for 

everything’.  

What is not evident from these descriptions is the emotional engagement of trainees in the 

process, which far exceeded that of any other activity at the start of the course. The message 

from trainees at the end of the UTD at Steepbank was heartfelt: relief and gratitude for the 

chance to work together in school; engaging in science education for real; acting as teachers 

with real pupils and finding that they could more or less manage.  

Meanwhile, teachers at Steepbank had observed some lessons, and two of them, the head of 

science and a mainscale science teacher, joined with the trainees and university tutors for the 

plenary discussion. They listened to the summaries of the lessons, and then raised a question 

as to where misconceptions were from: from the students’ social world, from a gap in their 

knowledge, from a previous teacher as part of the ‘spiral curriculum’ or as a simple error. 

This was not a question that any of the trainees had considered at that point, and as the 

teachers said, it potentially opened a can of worms. They talked of the external pressures on 

them, and therefore the need to take a pragmatic approach: developing a student to grasp a 

rounded curriculum and get a good grade, they said, is often “thinking of a mythical person 

that does not actually exist. We want to teach them skills that can prepare them for life, as 

they are not all going to be scientists but they all need the reasoning skills etc for life, but you 

are constrained. If you have two classes, for example a Triple Award GCSE (more academic) 

and a class on the C/D borderline (less academic) they will be treated very differently as you 

have to get them through their exams and you have to answer to ideas such as target grades. It 

is very difficult to address these ideas with the time allowed”. Many times, they said, they 

would not be engaging with students’ ideas, but telling them what they needed to know for 

the exam.   

For university tutors in Steepbank and Fortriver, the surprise was the great variation in the 

way groups of trainees took up the misconceptions focus. For many groups, it seemed that 

trainees had done little to really understand pupils’ thinking. As one tutor noted: “They didn’t 

even get to picking up the windfalls under the tree… because we can tackle misconceptions at 

different levels… but they were very good at looking at surface features. They were going in 

with instruments which were very good at picking up surface features, getting easy 

pickings…”. Group 1 above was an outlier, in that they were committed to probing the 

understandings that students had, and not at all concerned about teaching them. For many 

groups, the pressure to act according to the dominant image of the teacher, and actually teach 

something, proved irresistible.  
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UTD2: general pedagogical focus: group work    PCK: pupil talk 

Steepbank: Trainees’ expectations and concerns approaching the second school-based day in 

January were quite different from October. For example, they were very concerned to see if it 

was possible to get class lists from the school, so that they would have access to the students’ 

attainment levels and special educational needs. This attention to preparing the lesson with 

some knowledge of the students they would be working with was unexpected, and a 

significant point after just seven weeks’ in a school placement. They had much greater 

expectations of themselves as a group.  

However, planning also demonstrated the areas in which they lacked confidence and 

knowledge. In planning the lesson, groups spent a lot of time considering the type of talk they 

wanted to stimulate. Group A, for example, planned to facilitate rich talk at the beginning 

through multiple choice questions where the students had to explain their choices to each 

other and hopefully express their understandings. The trainees actually got themselves 

confused over the concept of current, realizing how the exact wording really mattered; one 

physics specialist getting confused over charge and electrons. They grappled with a range of 

significant questions, realizing the challenge of finding clear explanations: what happens 

when you close a switch? How does it relate to the parallel circuit activity that they will move 

onto? What exactly do you say? How do you break it down? Exactly what gets explained? 

How do they move on? Throughout their planning, the trainees in group A struggled with 

their own misconceptions. They eventually answered some of the problems by getting out a 

revision guide and as a group coming up with the exact questions they needed and the best 

wording.    

In their lesson, this group described a successful start, but then “with the second group (where 

they were split up and had to pass on what they learned) there were more dominant 

characters, and more students not wanting to contribute. This may have had something to do 

with friendship, and maybe they were all of similar ability and the abilities were mixed in the 

second groups. This happened in a few groups. Interestingly we found out later that seating 

plans are done according to ability. Dominant voices were able to take over and talk with 

groups. One group was very reluctant to start and ask questions and then write them down, 

needed direction but once given they got going. Unless you have someone stood next to every 

group you can’t stop dominant voices, or not working, or the topic conversation. If I hadn’t 

been there would they have done anything?” 

All groups were keen to reflect in some detail on the issues that they had observed.  The 

following extract from a report is evidence of careful observation by trainees, noticing how 

pupils spoke, and how they utilized resources in their discussions:  

“When discussing the cartoon image, pupils were quick to use the vocabulary sheet. 

This was both an aid and a crutch: it gave pupils ideas and encouraged them to use key 

words correctly, but they produced some incorrect answers that we suspected they 

would not have suggested if the vocabulary sheet had been absent. We wondered 

whether some misconceptions had been introduced.  A number of groups had pupils 

demonstrating forces by holding an object out or pressing against each other’s hands, 

suggesting that they found the task engaging.” (trainee group report, UTD2). 

There is evidence here of some rich reflection on key issues relating to language use in 

science. Trainees ‘suspect’ and ‘wonder’ about the unintended consequences of their 

materials, as they notice pupils making mistakes in employing relatively unfamiliar 

vocabulary. Trainees are clearly employing the notion of misconceptions (from UTD1) to 

speculate critically on their own teaching. 
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Trainees’ attention to the difference between intended and expected outcomes was evident 

across many groups. There is an apparent readiness to critically consider the outcomes of 

learning, in the relationship between ‘understanding’ and ‘knowledge’: “The poster and paper 

were exact reproductions…maybe this was ok as it was a different person writing the 

information. But it was something that we didn’t expect, as we thought they would ask better 

questions and give more information. We hoped that the last task would get the richest talk 

and it did, as some good conversations did happen. They seemed to develop understanding 

but not knowledge” (interview with trainee group after task). 

Challenged in the final plenary to defend the idea that pupil talk was important for learning, 

one trainee reflected: “[In] our class…the class knew the key words but there was a lot of 

confusion about what they meant….electricity, current, voltage and power were used 

interchangeably… The talk made this clear to them, they couldn’t move beyond that, and so 

just their misunderstandings were established… This allowed them to start thinking about 

what was right” (plenary discussion).  

There is some evidence in these extracts that trainees are beginning to reflect on episodes of 

science learning that they had planned, using evidence of pupils’ talk. That evidence is used at 

a surface level – it is focused on students’ use of vocabulary, for example. Trainees have a 

limited language themselves for describing what they found, in terms of ‘knowledge’ and 

‘understanding’ of pupils. This is not surprising, but it is a powerful reminder to university 

tutors of the challenge that trainees face in starting to employ the ideas that they meet on the 

course.  

As with UTD1, this was a day that engaged trainees’ emotions: “I enjoyed it. It was nice to be 

the observer of a lesson planned by all, that was delivered without having to teach it.” 

The main difference from UTD1 for trainees was the value of listening to students: “It was 

nice to listen to both students and teachers and see that different side. Today has been 

stressful but it brought the point home about group work and talk, rather than it being a 

revelation. Compared to last time it was very different but I found observing of the class very 

useful. I wouldn’t have wanted to teach today as teaching would have meant we can’t hear 

what was happening”.   

At the end of UTD2, the teachers at Steepbank spent a 50 minute plenary discussion with the 

whole trainee group as they were challenged by the university tutor to defend the value of 

group work and pupil talk. They contributed extensively in the last 10 minutes, in exchanges 

typified by the following:   

Teacher: I think you’ve come up with some of the best ideas… You need to know 

your class. For example there are students especially in topics like electricity who will 

be very set in what they know, and will talk over others. These sorts of discussions are 

not always a great thing to start a new unit with, students might get swamped with all 

these new keywords. [The head of science] taught year 7 this morning, and they were 

getting lost after two or three new keywords.  

Head of science: Especially in year 7, notwithstanding primary school, it has to be 

very structured. They wouldn’t have a great background of knowledge to sit and talk 

to each other about very specific science. This is one of the things for me in group 

work. The objectives of using group work to develop them as communicators, within 

the new Ofsted framework, is almost as important sometimes as the science itself. So 

you have to have a balance as to what your objectives for this session are… and then 

it’s how you structure it. You’ve got to have a awareness of how they are going to 

communicate. It’s one of those problems as they all seem to be with education, that 
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there is no black and white answer, because there’s so many variables… with groups 

that are not talkative, you can bring it out of them by asking direct questions. 

Compared with the first school based day, the science teacher and head of science were 

clearly much more willing to engage in discussion on UTD2. Their contributions to this 

discussion have a strong general pedagogical tone to them: the teacher introduces the issue of 

when and how to introduce new keywords; the head of science connects the value of teaching 

communication to the new inspection framework; he describes how an experienced teacher 

uses group work effectively, and demonstrates how teachers might usefully respond to 

students’ tendency to compartmentalize the curriculum. These staff are joining in the 

discussion not as experienced teachers, but as teacher educators. In Fortriver, there was no 

corresponding development in the engagement of experienced teachers.  

UTD3: general pedagogical focus: EBL    PCK: EBL 

The culminating UTD day focused on enquiry based learning, requiring a combination of 

focus on students’ own ideas and questions, and on facilitating effective and somewhat open-

ended group work. In a further development, trainees were asked to organize focus group 

interviews with some pupils after the lesson, and with classroom teachers from the school, to 

discuss their perspectives of the value of the EBL activity.  

Steepbank: UTD3 happened after the completion of the third and final main school 

placement, and trainees came to it with a mixture of feelings. Some of the trainees heading 

back to Steepbank felt that too much was being expected of them; all that effort put into 

completing their own individual placements and now they had to drum up the enthusiasm to 

work together with pupils again, for no extrinsic reward. Emotions ran high enough for the 

staging of a mini-rebellion. The sentiments expressed by some vociferous trainees were that 

while the first two UTD days had been really useful, this one was ‘pointless’; for one thing, it 

had no consequences for the trainees’ assessed grades. For them, at this point in the course, 

what counted was grades, not experience – and they were tired. This was not a universally 

held viewpoint in the group, of course, and the rebellion was quickly defused. It was 

revealing though of the effect of external grading on teachers: it appeared to reduce the value 

they placed on opportunities for further development.  

On the actual day, trainees carried out all activities with enthusiasm. An observation sheet 

helped trainees to focus on the activity of individuals and groups within the lesson. A section 

of this from one group shows a trainee noting significant responses by pupils (Figure 2).  

 

Figure 2. Significant pupil responses noted by trainee 

Pupils were critical and responsive in a focus group after the lesson:  

“Q: Would you have learnt the same if it wasn’t an EBL lesson? Not really because once 

we got into it we took it further and went deeper into the subject. Usually if you just move on 
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you lose the thoughts – this way we go deeper…Usually we would learn the same things but 

not take it as far, as deep, usually we wouldn’t really think about it.  

Q: Would you like any more EBL style lessons? In science practicals yes, so that we would 

be answering our own questions. I still think there is place for structured theory lessons… 

Yes, because I learnt more because I didn’t feel bad about posing questions, I was 

encouraged. There was a culture where no question was a silly question so this encouraged 

me to ask questions and this enhanced my learning…  I felt I could concentrate for longer as I 

was working as a group” (extract from focus group with pupils).  

The head of science at Steepbank was again engaged in the day, indeed aiming for more 

direct and practical participation: “If we use y10 (my class), then I will be able to have a 

direct input into observations and any follow up discussions rather than speaking in principle 

about theories”. After the day, he confirmed his continuing commitment to the UTD 

approach: “We would definitely be keen to look at building on this next year, as you say with 

some time for reflection on our part I’m sure there’ll be ways we can strengthen the activities 

and make them even more worthwhile.  I would be more than willing to take part in any 

“curriculum design” regarding this, or any other, aspect of the PGCE course with you” (email 

from head of science).   

The significance of this account lies not only in the particular focus on trainee teacher 

development, but in the space it marks out for collaborative development in science teacher 

practice around significant ideas in school contexts. While there are indications of a shift in 

trainees’ positions, it also seems that such shifts occur in tension with a pragmatic orientation, 

in the face of a regime in which teachers in all schools are strongly accountable for the 

performance of their pupils in national tests. There is a strong suggestion here of the speed 

and extent to which the thinking and practice of new entrants to the profession can be 

influenced by reductionist ideas educational process and quality, influenced by high-stakes 

tests.  

DISCUSSION 

Activity theory highlights the productive role of contradictions in shaping this activity. From 

the start, UTDs were distinctively situated in school, yet they were layered with pedagogical 

concepts and approaches from the university. Trainees were in many respects new to every 

aspect of teaching and school, yet required to perform collaboratively, competently and 

knowledgably from Day 1, and so they borrowed from their existing images of the teacher 

and taught instead of exploring students’ understanding. Teachers were highly practiced, but 

diffident, wary and too heavily occupied with performance to engage, except logistically, and 

so they initially stayed in the background, friendly but distant, outsiders in the activity in their 

own school. University tutors were outsiders in the school, but in the role of expert 

facilitators, so they cajoled and framed and connected the various elements of the UTD into 

something at least resembling teacher education. What was imagined from a distance (and 

beforehand) like a logical progression of training activity in schools, turns out to be a highly 

complex, relatively unstable set of possibilities, tied down by very stable, conservative and 

deep-rooted ideas of what teaching is about.  

The shifting engagement of the various participants is born out of these multiple 

contradictions. There were unexpectedly large differences in the responses of different 

trainees, both within and between the participating schools. There were also considerable 

changes in the positions occupied by trainees between the three UTD days: from something 

like ignorant apprehension, to frustrated complication, to downplayed achievement. There 

was certainly no smooth learning curve in evidence. There were changes too in the positions 
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occupied by teachers: from cautious hosts happy to stand by and observe from a distance, 

towards adopting a distinctive educational role, acknowledging both the intrinsic value of 

pedagogical reflection and its limited worth in a culture of performance. There is a difference 

of timescale operating here between trainees and teachers: trainees have completed their 

training, but the confident participation of teachers in the host schools can continue to grow.  

Finally, there were changes in the confidence of university staff towards the activity, as 

elements of it became normalized and some of the many possible variables came under the 

influence of new routine (‘that’s how we did it last time’..). It is of course simplistic to think 

of ‘university tutors’ as sharing a single set of perceptions, expectations or conclusions. They 

may be expected to perform consistency and coherence within a highly monitored and 

inspected teacher training regime, but this runs counter to the open, critical debate that is 

valued in the university at masters’ degree level and beyond. On the surface, there was a 

common story from all the university tutors about the outcomes of the UTD days, but the 

closer story is one of considerable diversity of purpose and expectation.  

However, there is at least one common thread revealed in the participation stories of all 

groups of participants, and that is around the influence of external assessment and 

performativity. University tutors are pulled by inspection regimes towards an uncontroversial 

rehearsal of agreed themes, and teachers are evidently bound by the need to justify and work 

with student academic attainment as a proxy for learning. Most shocking of all, perhaps, 

trainees fall quickly under the influence of assessment as external motivation for their 

development as teachers.  

CONCLUSION  

Activity theory is not about judgements of effectiveness or impact. It is not about judging the 

value of activity with respect to a particular frame of reference. Rather, the frame of reference 

is part of the activity, with the question ‘how did that approach come about?’ There is a lot we 

don’t know. CHAT (cultural-historical activity theory) would invite the further pursuit of 

questions about how these activities come to be framed in this way by these participants, and 

what that is drawing on in terms of inherited ideas and practices. Here we might look at the 

dynamics of judgement in the relationship between university and school staff, for example.  

One possibility: that ironically, in much of initial teacher training, there is as yet little 

acceptance of difference between what the curriculum is designed to teach, and what trainees 

learn. It is not uncommon for those critical of practice in one setting, in this case university 

tutors critical of practice in schools, to fail to reflect on the need for self-critical approach. 

Reflective initial teacher education is about coming to terms with the very limited state of 

knowledge that we have about the value of most elements in the teacher education 

curriculum. This paper sits within that approach, because it raises to consciousness the 

profound lack of control that typifies teacher education – in this case in this innovative 

practice, but quite probably much more widely.   

It is also important to notice the continuous emotional story that has been told in this paper. 

Activity comes laden with emotions, because of the memories and fears it evokes, and the 

boundaries and barriers that cut across any activity system. Teacher training would benefit 

from a greater acknowledgement of the emotions involved for trainees, teachers, and 

university staff in preparing for and participating in activities like this, and in the many related 

activities in which teacher education resides.   
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Abstract: This is a Ph.D. proposal. It aims to investigate the effectiveness of metacognition as a 

teaching strategy in developing pre-service teachers’ technological, pedagogical, content 

knowledge (TPACK), and evaluate teacher’s abilities to design technology-based inquiry lesson 

plan for primary level. Situated Cognitive Theory will be adopted as a theoretical framework for 

learning, and TPACK will be used as a conceptual framework for developing technology-based 

domain of knowledge. A quasi-experimental method will be designed to compare Metacognitive 

Scaffolding approach (treatment) to Experiencing Inquiry Model approach (control). The 

research design will employ the 2 Teaching Strategy (EIM or MS) × 2 Time (pre- and post-

intervention) of learning split-plot factorial design. The participants will come from science and 

technology course (Primary/Junior division) of a B.Ed. program at a university in Ottawa, 

Canada. One class will be assigned to Experiencing Inquiry Model approach and the other to 

Metacognitive Scaffolding approach.  

Keywords: teacher education, metacognition, TPACK, teaching methods 

 

INTRODUCTION 
One aspect of the suggested issues by science education and educational technology research 

involves providing opportunities for teacher candidates to develop classroom instruction that 

takes advantage of the ability of technology to enrich teaching and learning of science. A body of 

science education research suggests that future teachers need to understand the role of 

technology in classroom instruction; where in science curriculum technology can be beneficial 

for student’s learning; what learning context in which technology becomes important to use and 

why; what technology features that support students learning the most; and which technological 

tool is appropriate to use and why (Phelps & Ellis, 2002; Lubin & Ge, 2012; So & Kim, 2009). 

Unfortunately, this situation is far from reality.  

New teachers often lack adequate understanding of the pedagogical uses of technology, and more 

sadly, they encounter intrinsic problems in relation to the integration of technology in every-day 

teaching practices (Phelps & Ellis, 2002; Lubin & Ge, 2012; So & Kim, 2009). Lubin & Ge 

(2012) reported that, new teachers usually face challenges in designing technology-based lesson 

plans. They usually fail to decide what suitable technology features or functions that make this 

technology the best option. Science educators argue that future teachers are usually not trained 

how to use technology for pedagogical purposes (Lubin & Ge, 2012; Markauskaite, 2007). 

Despite the fact that teacher education programs introduce different types of computer 

technology, they often focus on technical aspects of technology (how to use). Therefore, current 

research indicates that considering alternative methods for effective training that clarify the 

relationships between technology, pedagogy, and science content would be the first step towards 

authentic implementation of technology (Chien, 2012; Mishra and Koehler, 2006; Niess, 2005). 
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One way to develop this technological knowledge is when teacher candidates are engaged in 

learning activities that allow them to exercise metacognitive activities to monitor and reflection 

on their own learning. A historical review of literature revealed that this approach was found to 

be an effective strategy in developing teacher’s domain of knowledge.   

HISTORICAL REVIEW 
This review was conducted to understand how training methods in educational technology 

courses influenced the way how computer technology was utilized in science classroom. Since 

1970s, there had been a rapid acceleration in the uses of computer technology and ICT 

applications in science education (e.g., Hofstien, 2004; Jonassen, and Daneil, 2004; Khan, 2011). 

Teacher education programs adopted different teaching methods to train pre-service teachers 

how to teach with technology including lectures-based methods (e.g., Borchers, Shroyer, & 

Enochs, 1992; Ellis & Kuerbis, 1991), microteaching designs (e.g., Cavin, 2007), designing 

seminars (e.g., Koehler, Mishra, and Yahya, 2007), learning by design (e.g., Lee, 2011; Mishra 

and Koehler, 2006), multiple representations (Ozmantar, Akkoc, Demir, & Ergene, 2010), and 

experienced-model-based-inquiry approach (e.g., Lee, 2011). It is concluded that the more 

sophisticated technologies brought in to schools, the more complex have become their 

integration in classroom instruction. Furthermore, as the integration of technology become more 

complex, as the teacher training programs tilt towards adopting higher-order learning methods.   

Beside the above conclusions, research studies pointed out that one of the barriers regarding the 

effective integration of Information and Communication Technology was largely due to the fact 

that teacher education programs focused solely on the technical aspect of technology (how to 

use), rather than the pedagogical uses of technology (e.g., Phelps and Graham, 2008). 

Consequently, an urgent need had grown rapidly to advance the teaching strategies used in 

educational technology training in order to develop teacher’s understanding of the complex 

relationship between technology, pedagogy, and science content. While some researchers argue 

that engaging pre-service teachers in a cognitive learning process is quite sufficient (Cavin, 

2007; Koehler, et al., 2007; Lee, 2011; So and Kim, 2009), others believe that cognitive learning 

should be capsuled by a number of metacognitive activities to assist pre-service teachers to act 

more independently and flexibly (Karamski and Michalsky, 2009; Phelps, Ellis, & Hase, 2001; 

Phelps and Graham, 2008).  

This Ph.D. proposal aims at investigating the impact of pre-service teacher’s metacognition, as a 

teaching strategy, on the development of their Technological Pedagogical Content Knowledge 

framework (TPACK) (Mishra and Koehler, 2006). TPACK is proposed to describe a framework 

aims to clarify the critical parameters related to technology integration in classroom settings 

namely content, pedagogy, and technology. This framework is built upon Shulman’s (1986) 

work describing Pedagogical Content Knowledge (PCK). It does not consider the above three 

key elementscontent, pedagogy, and technologyin isolation, rather in a complex system of 

relationships. TPACK competencies are better examined through teacher’s performance, and 

therefore, the study also aims to examine participants’ abilities to transform their understanding 

of TPACK in to designing a technology-based lesson plan.  

THEORETICAL FRAMEWORK 
This study will adopt Situated Cognitive Theory as a theoretical framework for learning, and 

TPACK as a model to conceptualize the utilization of technology in science instruction 

(Jimoyiannis, 2010; McCrory, 2008; Niess, 2005).  
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On the one hand, Situated Cognitive Theory views learning as a process of constructing 

knowledge that occurs within a given educational context (Brown, Collins, & Duguid, 1989). 

This view is deeply rooted to the constructionist epistemology. This paradigm believes that 

knowledge can be constructed through a process of interaction between individuals, groups, and 

environment. In situated cognition, the learning environment is emphasized as the context in 

which knowledge is produced and then constructed individually or socially by learners when 

they are explicitly guided through activities bound to this context. The role of the teacher is to 

present learners with a problem that demands active engagement with the situated context. In this 

realm, learners will be encouraged to think like professionals or experts in the field, and act like 

apprentices to resolve an authentic learning problem. The context of this study adopts 

technology-based inquiry learning approach to engage pre-service teachers in situated cognition 

in order to: acquire pedagogical knowledge in a context that simulates inquiry-based learning; 

learn about the conditions for integrating technology in situations that enhance teaching and 

learning of science; and bring awareness to the implications of their newly constructed 

knowledge in their professional life. 

On the other hand, the general framework of TPACK model consists of seven components; three 

primary components and four secondary components. The primary components are defined as: 

1. Technological knowledge (TK): refers to the knowledge about various technologies, 

ranging from pencil and paper to digital technologies. 

2. Content knowledge (CK): is the “knowledge about actual subject matter that is to be 

learned or taught” (Mishra and Koehler, 2006, p. 1026).  

3. Pedagogical knowledge (PK): refers to the methods and processes of teaching, and 

includes knowledge in classroom management, assessment, and lesson plan development. 

The secondary components are the intersections of the primary components. They are defined as: 

4. Pedagogical content knowledge (PCK): refers to the content knowledge that deals with the 

teaching process (Shulman, 1986). It blends both content and pedagogy with the goal 

being to develop better teaching practices in the content areas. 

5. Technological content knowledge (TCK): refers to the knowledge of how technology can 

create new representations for specific content.  

6. Technological pedagogical knowledge (TPK): refers to the knowledge of how various 

technologies can be used in teaching, and to understanding that using technology may 

change the way teachers teach. 

The central core where all primary components and their intersections overlap is defined as:  

7. Technological pedagogical content knowledge (TPACK) refers to the knowledge required 

by teachers for integrating technology into their teaching in any content area. 

(Jimoyiannis, 2010; McCrory, 2008; Mishra & Koehler, 2006; Niess, 2005) 

TPACK and Situated Cognitive Theory will constitute two arguments. First, pre-service teachers 

would be able to develop TPACK, when they are engaged in a cognitive process only. And the 

second argument states that experiencing a cognitive learning is not sufficient, but in order to 

develop TPACK an additional metacognitive dimension is needed to scaffold learners before, 

during and after their learning activities. The following sections will translate these two 

arguments into two different teaching strategies.  
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INSTRUCTIONAL GUIDELINES 
Two teaching strategies, Experiencing Inquiry Model approach – EIM (Windschitl, Thompson, 

& Braaten, 2008a) and Metacognitive Scaffolding approach – MS (Kolencik & Hillwig, 2011; 

Phelps et al., 2001), will be designed in order to translate Situated Cognitive Theory and TPACK 

model in to the context of the study. Before explicating the differences between the two 

strategies, a brief description to the overall learning objectives and the inquiry learning model 

will be given first.   

The overall learning objectives consist of two parts. The first part is related to the basic 

components of TPACK (i.e., TK, PK, and CK). In it, pre-service teachers are expected to 

recognize inquiry learning cycle (PK), utilize Electric Circuit Kit simulation (TK), and learn 

about electric circuits (CK). As the theoretical framework predicts, basic components of TPACK 

can be developed in technology-based inquiry learning activity. In this activity, pre-service 

teachers will act as learners and conduct an investigation via four-step learning cycle (4Es) as 

follow: 

1. recalling pre-existing knowledge about the concepts of electricity and electric circuit; 

2. identifying a problem based on the target concepts, and then making hypotheses; 

3. using the computer simulation to test their hypotheses;  and 

4. analyzing, and explaining the gathered data.  

EIM and MS strategies will adopt the same inquiry learning activity, but they are designed to 

target the secondary components of TPACK in two different ways.  

EIM approach includes a discussion period which will be conducted after the inquiry learning 

activity. The discussion period allows pre-service teachers to act like professional teachers and 

critique in what ways the computer simulation was beneficial (or not) in enhancing students’ 

understanding of electricity; how inquiry tasks provide a rich environment to challenge students’ 

conceptions about the target concepts; and if not, what are its drawbacks? Such questions will be 

posed to encourage pre-service teachers to think about the relationships between TK, PK, and 

CK; and hence be able to develop TPACK secondary components (i.e., TPK, TCK, and PCK), 

and TPACK as whole. 

MS approach is designed to scaffold pre-service teachers’ engagement in metacognitive 

activities in three phases: before, during, and after the inquiry learning activity. Different 

scaffolding techniques will be implemented such as modeling the metacognitive tasks, and 

guiding learners through self-reflection and self-questioning. So, before experiencing inquiry 

activity, pre-service teachers will be asked to read about Circuit Construction Kit simulation, 

learning cycle model (4Es), and general concepts of electricity. This stage involves self-

questioning, monitoring one’s reading process, and setting personal goals for upcoming events. 

During the inquiry activity, pre-service teachers will video tape their work in order to use it later 

to think about what and how they have accomplished their tasks. The last metacognitive 

engagement will be conducted after the inquiry activity and engages pre-service teachers in 

journal writing. The self-questioning, self-reflection, and journal writing processes all aim to 

assist pre-service teachers to develop TPACK secondary components (i.e., TPK, TCK, and 

PCK), as well as TPACK as whole.  

Research Objectives 
This study will compare the effectiveness of EIM and MS approaches on pre-service teachers’ 

efforts to develop TPACK. Since the development of TPCK is best examined through teachers’ 
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performance (Kramarski & Michalsky, 2009), the study also aims to examine pre-service 

teachers’ abilities to incorporate TPACK components in their designing of technology-based 

inquiry lesson plan. Both strategies are designed to serve these two objectives, and hence, the 

following research questions are addressed: 

1) What changes in pre-service teacher’s understanding of the integration of computer 

technology occur as they walk through their learning activities, and what aspects of the 

learning activities afford opportunities for these changes to occur? 

2) What aspects of the leaning activities afford opportunities for pre-service teachers to 

incorporate their understanding of TPACK in to technology-based inquiry lesson planning?   

3) What factors and barriers influence the incorporation of pre-service teachers’ TPACK in to 

lesson planning? 

Hypotheses 
Hypothesis 1: pre-service teachers taught via EIM approach will significantly develop 

TPACK and incorporate its components in their lesson plans better than pre-service 

teachers taught via MS approach. 

Hypothesis 2: pre-service teachers taught via EIM approach will significantly develop 

TPACK better than pre-service teachers taught via MS approach, but aren’t able to 

incorporate TPACK components in their lesson plans. 

  Hypothesis 3: pre-service teachers taught via MS approach will significantly develop 

TPACK and incorporate its components in their lesson plans better than pre-service 

teachers taught via EIM approach.   

Hypothesis 4: pre-service teachers taught via MS approach will significantly develop 

TPACK better than pre-service teachers taught via EIM approach, but aren’t able to 

incorporate TPACK components in their lesson plans.   

 Hypothesis 5: pre-service teachers taught via EIM and MS will significantly develop 

TPACK and are able to incorporate TPACK components in their lesson plans. 

Hypothesis 6: pre-service teachers taught via EIM and MS will significantly develop 

TPACK, but aren’t able to incorporate TPACK components in their lesson plans. 

METHODOLOGY 

Design of the Study 
This study will be conducted in two different learning environments: one implements EIM 

method, and the other implements MS method. Pre-service teachers from both groups will go 

through four stages. 

Initially, all participants will be asked to generate concept maps to represent their understanding 

of the interrelationships between technology, pedagogy, and science content. The participants’ 

networks will be generated by Knowledge Network and Orientation Tool (KNOT) (Goldsmith & 

Davenport, 1990). Secondly, participants will be involved in learning activities either in EIM or 

MS approach in order to develop TPACK. Since TPACK components are better examined 

through teachers’ performance, pre-service teachers will be assigned, in the third stage, to 

incorporate their perceived TPACK into designing a new technology-based lesson plan. The 

lesson plans will be evaluated by Technology Integration Assessment Rubric (TIAR) (Harris, 

Grandgenett, & Hofer, 2010). Finally, at the end of the study, participants will use draw concept 
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maps a second time. This is to indicate any changes in their understanding of pedagogical uses of 

technology that could have occurred during the intervention.  

Participants 
The participants of this study will be the pre-service teachers of a teacher education program 

who will take science and technology course at Primary/Junior division (PJ). The study will be 

conducted at a university in Ontario, Canada. The participants will be conveniently selected from 

their natural classroom settings, and randomly assigned to either EIM approach or MS approach.  

Methods of Data Collection  
Two instruments (KNOT and TIAR) and the researcher’s diary will be used to collect data at 

different times of the study.  

The diary will record the actual implementation of the teaching strategies, as well as the data 

collection procedures. Diary writing will help the researcher to analyze the implementation of the 

strategies as per the original guidelines, and give more insight to the processes of teaching and 

learning throughout the study.   

Knowledge Network and Orientation Tool (KNOT) is commonly used to generate Pathfinder 

Network scaling for structural assessment of knowledge (Azzarello, 2007; DiCerbo, 2007; 

Trumpower & Goldsmith, 2004). Structural assessment of knowledge refers to the method used 

to map the way how learners organize and conceptualize their knowledge (DiCerbo, 2007). 

Organization and conceptualization of knowledge involves understanding of facts, principles, 

and concepts; but most importantly involves understanding of how the concepts of a particular 

domain are interrelated (Housner, Gomez, & Griffey, 1993).  Consequently, Pathfinder network 

is an appropriate tool to assess pre-service teachers’ understanding of the interrelationship 

between technology, pedagogy, and content knowledge. 

Technology Integration Assessment Rubric (TIAR) is designed to evaluate teachers’ TPACK 

through instructional practices and artifacts such as lesson plan. TIAR (Harris, Grandgenett, & 

Hofer, 2010) assesses teacher’s lesson plan across three TPACK components: TPK, TCK, and 

TPACK; as well as the ‘fit’ of the selected content, teaching strategies, and technologies 

considered together. Construct and face validities and the reliability of TIAR have been 

examined. Expert reviewers have verified the construct validity, which means they verified that 

the rubric actually measures TPACK construct as it is represented in educational lesson plans. 

Experienced teachers who had used the rubric to score a set of 15 pre-service lesson plans have 

examined and verified the face validity; which means they have verified that TIAR measures 

what it is supposed to measure. An inter-rater reliability test has been computed on the final 

version of the rubric and found to be 0.857 which generally supports rubric reliability. Hence, 

TIAR can be used as an appropriate instrument to measure TPACK construct as it is represented 

in lesson plans.   

Methods of Data Analysis 
The present study aims to compare the effectiveness of EIM and MS approaches on developing 

pre-service teachers’ TPACK over a specific period of time. The study is designed to consider 

two independent factors: the teaching strategies and the time of implementation. Therefore, a 2-

way factorial design (multi-factors) will be conducted on the mean differences between the pre-

service teachers’ pre- and post- concept maps. The effect of the main factors and their 

interactions will be obtained. A correlation analysis will be conducted between TIAR scores and 

the participants’ network representations. The correlation analysis will respond to the research 
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hypotheses and inform us which approach will help pre-service teachers to transform TPACK 

components into their lesson plans. 

The Statistical Package for the Social Sciences (SPSS) will be used for data analysis. The 

dependent variable for this data analysis will be the change in participants’ network 

representations around the intervention, with independent variables of Teaching Strategies and 

Time of implementation. A 2 Teaching Method (EIM or MS) × 2 Time (pre- and post-

intervention) split-plot Analysis of Variance (ANOVA) will be computed. ANOVA will be used 

at the 0.05 level for statistical significance.  

Validity of the Design 
Validity essentially means truth or corrections. It is a correspondence between a proposition 

describing how things are planned and how they really work. Experimental researchers need to 

identify potential threats to the validity of their experiments and design them so that these threats 

will less likely arise or are minimized. In this study, three types of threats to validity will be 

examined: statistical conclusion, internal, and external. 

Statistical conclusion validity 
Statistical conclusion validity emphasizes whether the statistical hypotheses are correct. The way 

to release this threat is to increase the power by calculating appropriate sample size and 

maintaining a reliable dependent variable. The sample size is calculated so that the power levels 

at 0.95. Further measurements have been taken to increase the reliability of the participants’ 

ratings (the dependent variable). For example, some pair-wise comparisons of TPACK concepts 

will be repeated, and hence, responded twice. Then, Pearson correlation coefficient (r) will be 

calculated between the responses of the identical pair of concepts. To beef up the reliability of 

the participants’ TPACK networks, ratings of participants having poor Pearson correlation 

coefficient (        ) will be eliminated from the data analysis (Trumpower, 2003).    

Internal Validity 
The internal validity is known as the third variable problem. A crucial factor or factors may 

appear to threat the relationship between the dependent and independent variables. There might 

be another unseen variable responsible for apparent relationship or lack of relationship between 

the teaching strategies (independent variable) and the participants’ TPACK networks (dependent 

variable). Several measures have been considered to reduce these threats. First, the learning 

environments in both groups are set to be meticulously distinct. Second, the professors and their 

students will be given training sessions and orientations to ensure appropriate implementation of 

the proposed teaching strategies and the data collection procedures.  

External Validity 
External validity is the possibility to generalize the findings to the entire population, time, and 

setting. The central concern in this issue is whether or not the sample subject is actually 

representing the entire population. In this study, the findings will not be generalized to the entire 

population of pre-service science teachers. The findings will be restricted to the time, setting, and 

subjects of this study. 

SIGNIFICANCE OF THE STUDY 
This study addresses the issue of educational technology training from two significant angles. 

Firstly, the study will enforce a direction that is often omitted in pre-service teacher’s 

educational technology training. This direction provides opportunities for future teachers to learn 

science content hand in hand with science pedagogy in order to create better choices to integrate 
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technology in science instruction. During their course of study, participants are expected to 

develop competencies that consider the dynamic interplay between technology, pedagogy, and 

science content. Secondly, Metacognitive Scaffolding approach will inform us how pre-service 

teachers can be guided by different methods to reflect on their learning processes. Although 

metacognition has been used predominantly in teacher education programs to improve pre-

service teacher’s pedagogical knowledge, this study among very few takes the lead to utilize 

metacognition approach to create a unique domain of teacher’s knowledge named Technological 

Pedagogical Content Knowledge. Nevertheless and based on the expected findings, this study 

will open up another window for research.  

Further research will be required to understand the processes that would help future teachers to 

negotiate TPACK components to create effective teaching practices. Also, more work is needed 

to clarify what it means to become a teacher with a good TPACK in science classroom.   
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Abstract: This paper reports on the findings from phase three of a longitudinal case study 

involving a cohort of pre-service science teachers (n=12) from the University of Limerick, 

Ireland. Over the course of a two year period, this cohort engaged in professional 

development sessions where their pedagogical content knowledge (PCK) was captured 

through the use of a PCK lens. This lens referred to as Content Representation (CoRe) was 

originally developed to make explicit the topic specific PCK of a cohort of expert teachers. In 

this current study, the CoRe was altered slightly to have a more inquiry focus with the 

incentive of developing inquiry orientations. This developing inquiry focus was evident as 

phase two progressed. In phase three, the extent to which the pre-service teachers developing 

espoused inquiry orientations were enacted in the classroom was assessed using mixed 

methods. This approach involved using lesson plans, reflections, observations, interviews and 

questionnaire to evaluate the action of inquiry in the classroom. The questionnaire, which 

focused on actual classroom practice, was also completed by pre-service teachers not 

involved in the study (n=29) and in-service teachers located throughout Ireland (n=72) for 

comparative purposes. The results of the questionnaire revealed that the pre-service teachers 

involved in the study whilst on teaching practicum had students engaged in inquiry practice 

more often than the other two cohorts. The qualitative methods of data collected also revealed 

inquiry in their thinking and approaches. When interviewed, the pre-service teachers revealed 

that involvement in this study steered their thinking towards inquiry and ultimately led to the 

action of inquiry in the classroom. Not only this, pre-service teachers shared their experiences 

of being involved in the development of the CoRes within these professional learning 

communities (PLCs) and the experiences were overwhelming positive in helping them 

transition from being an expert student to a novice teacher.    

Keywords: Pedagogical Content Knowledge (PCK), Scientific Inquiry, Content 

Representation (CoRe), Professional Learning Communities (PLCs), Pre-service teachers 

INTRODUCTION 

Knowledge is expanding at a rapid pace with an estimated figure of 5 Exabyte’s of new 

information generated in 2002. This is the equivalent of 500,000 times the volume of the 

Library of Congress print collection (Barron & Darling-Hammond, 2008). The new demands 

of changing information, technologies, jobs and social conditions cannot be met through 

passive, rote learning focused on basic skills and memorization of disconnected ideas (Barron 

& Darling-Hammond, 2008). Teachers play a significant role in the development of the 

knowledge society and teachers’ knowledge is a pivotal rung in the ladder of knowledge 

generation.  

The place of science education in Ireland is on the decline with achievement levels in state 

examinations at a worryingly low rate (State Examination Commission, 2011). Coupled with 

this, the majority of students in Ireland (55%) do not wish to “become a scientist” or have a 

job in technology when they leave post-primary education (Mathews, 2007). However 

research on scientific inquiry predominantly shows that teaching through inquiry aids 

students learning and motivation in science (Wilson, Taylor, Kowalski & Carlson, 2010).  
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This paper reports on phase three of a longitudinal case study involving a cohort of pre-

service science teachers (n=12) from the University of Limerick in Ireland who were enrolled 

in a Bachelor of Science with Concurrent Education programme. The overall purpose of 

phase three was to evaluate the success of an intervention with this cohort of pre-service 

teachers. This intervention focused on using an existing pedagogical content knowledge 

(PCK) lens to facilitate their professional development towards the practice of scientific 

inquiry. The key research question from phase three was 

(1) Does the perceived developing inquiry awareness of a cohort of pre-service science 

teachers enact itself in the actual classroom setting?   

(2) Can a PCK lens facilitate a cohort of pre-service teachers’ development of inquiry 

orientations?  

LITERATURE REVIEW 

The pedagogical content knowledge (PCK) of a teacher is defined as their knowledge of 

content and how to teach that particular content (Loughran et al., 2006). It was originally 

considered by Shulman (1986) as one of the knowledge bases possessed by a teacher and is  

referred to as a teachers’ knowledge  of “the ways of representing and formulating the subject 

that make it comprehensible to others” (Shulman, 1986, p. 9). Since PCK was presented in 

the literature, a number of conceptualisations of PCK have been developed. One such 

conceptualisation is that of Magnusson, Kracjik and Borko (1999) who viewed the inclusion 

of five components within the construct of PCK. These components are: 

 Orientations to science teaching 

 Knowledge of students understanding of science 

 Knowledge of instructional strategies 

 Knowledge of the science curricula 

 Knowledge of assessment of scientific literacy    

More recently Park and Oliver (2008a) developed the pentagon model to conceptualise PCK. 

This model also featuring the five components as described in Magnusson et al. (1999) model 

but puts greater emphasis on the interaction and coherence between the components, which is 

lacking in the model developed by Magnusson et al. (1999). This model also includes an 

additional component which reflects a teacher’s efficacy and their belief in how their ability 

can affect students’ outcomes as a person’s perception of themselves can mediate their 

behaviour (Park & Oliver, 2008a). More recent discussions on PCK (PCK summit, 2012) 

categorise PCK into personal and canonical PCK. The idea that PCK can be shared and 

applied to many teachers (canonical PCK) reflects a group representation of PCK whilst the 

personal PCK reflects the individual experiences of teachers. 

Within the Magnusson et al. model (1999) one of the components is “orientations towards 

science teaching”. This essentially refers to teachers’ knowledge and beliefs about the 

purpose and goals of science teaching. Magnusson et al. (1999) further expanded this idea of 

a teacher’s knowledge and beliefs about science teaching and learning by reviewing the 

literature on such. Magnusson et al. (1999) summarised the goals and nature of instructional 

strategies and revealed both inquiry (Tamir 1983 cited in Magnusson et al. 1999) and guided 

inquiry (Magnusson & Palincsar 1995, cited in Magnusson et al. 1999) as specific 

orientations towards science. Orientations towards science teaching shape teachers 

knowledge about instructional strategies. How receptive a teacher is towards using inquiry 

based instruction can be heavily influenced by the teacher’s core teaching conceptions which 

include their views of science, the purpose of education and effective teaching strategies 

(Lotter, Harwood & Bonner, 2007). This is particular true when one focuses on the beliefs of 
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prospective teachers as Crawford (2007) sees the personal beliefs about teaching as the “most 

critical factor influencing a prospective teacher’s intentions and abilities to teach science as 

inquiry”, (Crawford, 2007, p.636). All of these core teaching conceptions reflect the 

knowledge and beliefs about the purpose and goals of a science teacher. Therefore it can be 

deduced that PCK within its described components, includes inquiry orientations. 

The reason why scientific inquiry is the focus within this study is because of its association 

with increased achievement and motivation levels (Wilson et al., 2010). The increase in 

achievement levels can be associated with the students’ active role in building, understanding 

and making sense of the information (Woolfolk-Hoy, Hughes & Walkup, 2008).  Scientific 

inquiry is defined as an inductive approach to the teaching of science which is problem based 

in nature with the emphasis given to the experimental approach to solving the problem 

(Rocard Report, 2007). Key features of scientific inquiry according to Campbell, Abd-Hamid 

and Chapman (2010) involves student doing the following: 

1. Asking questions/framing research questions 

2. Designing investigations 

3. Conducting investigations 

4. Collecting data 

5. Drawing Conclusions 

Involving the student in the inquiry process can help students develop an understanding of 

what it means to “do” science and help students become life-long learners in the science 

community and in turn develop positive approaches towards science. 

Much of the literature argues the difficulties experienced by pre-service teachers in trying to 

develop an inquiry dimension to their teaching. This is in part due to the varied experiences 

which pre-service teachers held prior to entering their initial teacher education in relation to 

the teaching and learning of science (Crawford, 1999). Having an avenue for pre-service 

teachers to share experiences in professional learning communities (PLCs) through 

scaffolding provided by a PCK lens is novel in its approach. 

METHODOLOGY 

This intervention involved a cohort of pre-service science years coming together in focus 

groups over three semesters to capture and develop their PCK using an existing PCK lens 

known as Content Representation (CoRe). PCK can be a socially constructed academic 

concept (Loughran, Mulhall & Berry, 2004) through the development of CoRes which denote 

the general PCK of a particular group of teachers. A CoRe essentially acts as an interview 

tool which provides rich data for the researcher but also facilitates the professional 

development of participants through PCK portrayal within professional learning 

communities. Below is the CoRe scaffold which reflects the features of the CoRe. It is 

essentially made up of big ideas together with eight pedagogical prompts. Big ideas are ideas 

which help in the understanding of a topic and once these big ideas are considered, they are 

expanded out through the use of the pedagogical prompts (Loughran et al., 2006). Within the 

focus groups participants discuss and justify what should be included in the CoRe.  
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Figure 1. CoRe Scaffold 

CoRes were developed on a number of topics including respiration, heat, mechanics and 

genetics. It was envisaged that inquiry orientations could present themselves throughout the 

CoRe but more specifically in pre-service teachers responding to the seventh pedagogical 

prompt “teaching procedures (and reasons for using these to engage with this idea)”. Phase 

one focused on developing CoRes on the topics of the Particle Theory and Genetics before 

and after a six week teaching practicum experience to capture changes in PCK.   

Phase two began with asking the group to present their own definition of inquiry. Findings 

from phase one led the authors to adapt the CoRe slightly in phase two to include a more 

inquiry focus as there was virtually no evidence of inquiry in the CoRes developed. The 

seventh prompt was changed to “Teaching procedures with specific reference to teaching 

through inquiry” to evaluate whether the pre-service teachers did have inquiry orientations 

but were unable to verbalise them but also to determine whether inquiry orientations could 

develop in the discursive environment provided in the CoRe workshops.  

Phase three involved using a mixed methods approach to verify whether the espoused 

developing inquiry awareness was enacted in the classroom during a ten week teaching 

practicum experience. For triangulation purposes, data came from a number of sources 

including lesson plans, classroom observations, interviews, reflections and a questionnaire 

originally developed by Campbell et al. (2010). This questionnaire consisting of 20 closed 

questions with a Likert scale response system, was adapted to the Irish context and had two 

open questions added to it which asked the participants to firstly provide their own definition 

of inquiry and secondly to suggest potential barriers towards inquiry which in turn would act 

as disabling factors. The questionnaire was piloted with a group of pre-service and in-service 

teachers (n=12) and appropriate changes were made. This questionnaire focused on actual 

action in the classroom and was also completed by pre-service teachers not involved in the 

study (n=29) and in-service teachers (n=72) for comparative purposes. The in-service 

teachers were recruited using a stratified random sampling approach (Cohen, Mannion & 

Morrison, 2011). The classroom observations and interviews were audio recorded for later 

transcription. A coding system was developed to analyse the qualitative data in order to 

identify evidence of inquiry from classroom observations and lesson plans. It was also used 

to analyse the CoRes for evidence of inquiry orientations however the purpose of the current 

paper is not to report on these findings. This coding scheme was essentially an expansion of 

the PCK model developed by Magnusson et al. (1999) with the reference to inquiry stemming 

from the features of inquiry within the questionnaire. The reason why these components were 

used was to increase the validity of the data analysis during the triangulation process. Having 
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both the qualitative and quantitative data analysis looking for the same features increases the 

validity of the process. The coding scheme developed by the primary author was tested by 

one of the other authors in the study to increase validity of the coding scheme. 

 

Figure 2. Coding Scheme 

The reasons why the PCK model developed by Magnusson et al. (1999) was chosen over 

more recent models such as that developed by Park and Oliver (2008a) was related to the use 

of Magnusson’s model in the existing literature to analyse CoRes. Also there is specific 

reference to inquiry found in the literature supporting this PCK model (Magnusson et al., 

1999). There was emphasis placed on the coherence and integration of the components of 

PCK in the coding scheme which was lacking in the original model developed by Magnusson 

et al. (1999). This coding scheme was used to analyse the observations, reflections and lesson 

plans developed during phase three of the study. An open coding system was used to analyse 

the interviews. 
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The questionnaire was analysed using SPSS version 20 and the qualitative data was analysed 

using N-Vivo version 9. Within the quantitative data, the three different cohorts were 

compared for the average action of scientific inquiry. The one-way ANOVA test and Tukey 

HSD were carried out to evaluate statistically significant differences between the cohorts 

resulting in the below table. These differences reflect the variations between the cohorts in 

terms of their average action of inquiry. The average action of inquiry was based on 18 of the 

20 closed questions asked as part of the survey with a “frequently” response being indicative 

of inquiry action.  

 

FINDINGS 

Phase three has shown that pre-service teachers are visibly thinking through inquiry in their 

practice, more so than the pre-service teachers who were not involved in the study or in-

service teacher teaching out in schools nationally. An example of this can be seen through the 

average action of inquiry 

 

Figure 3. Average action of inquiry 

The above box plot reveals the average action of inquiry for all three cohorts, further tests 

revealed there to be a statistically significant difference between the pre-service teachers 

involved in the study and those not involved in the study (P=0.016) and the in-service 

teachers (P=0.01).  

It can also be seen through a question reflective of students developing their own procedure 
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Figure 4. Students design procedure themselves 

This is seen as an essential feature of high level inquiry and the chart shows an overwhelming 

majority with the pre-service teachers reporting their students designing their own procedure. 

Another example focuses on students developing their own conclusions and the below chart 

reveals the pre-service teachers in the study enacting this approach more frequently than the 

other two cohorts. 100% of pre-service teachers involved in the study reported to having 

students develop their own conclusions frequently.  

 

 

 

 

Figure 5. Students develop own conclusions 

There is also evidence of inquiry from the classroom observations, reflections and from the 

lesson plans. The following table shows extracts from some of the lesson plans analysed for 

inquiry. 
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Table 1.  

Evidence of inquiry from lesson plans  

PST Topic Evidence of Inquiry 

Rebecca Solutions  “I have decided to get students’ to observe solutions and try 

and find links between l, of the solutions. Students’ will not 

be told that the items are solutions but they have some prior 

knowledge of what solutes and solvents are”. 

Rebecca Solutions Students’ will be divided up into groups of two or three. Each 

group will get materials needed to make up a solution (salt, 

water, sugar, hot chocolate). Students’ will not be told how to 

make up the solution 

Clara Sates of Matter “Students will design a method which will cause the two 

balloons to be repelled by each other”. “Students will be 

asked to share some of their findings”. “Students will be 

asked to predict the results of experiments 

The above table shows clear examples of inquiry within the lesson plans analysed with the 

focus on students developing their own procedure, predicting the outcome and sharing their 

findings. All of these are defined features of scientific inquiry. 

The following section provides extracts from the observational diaries developed as part of 

classroom visits with some of the pre-service teachers while on their teaching practicum. 

Evidence of inquiry practice can be seen from each of these examples. There is an emphasis 

on students observing and collecting data with the teacher acting as a facilitator during the 

process. 

Table 2.  

Evidence of inquiry from classroom observations 

PST Topic Evidence of Inquiry 

Rebecca States 

of 

Matter 

“First of all students had to in groups construct models which they felt 

best represented elements, compounds and mixtures. After they have 

done this, they had to observe the models and draw conclusions as to 

what they think the properties of elements, compounds and mixtures 

are. Students recorded their data on an information sheet. Rebecca 

scaffolded this activity by circulating and asking questions to probe the 

students’ thinking. Students share their results with the class and a 

discussion of the findings take place”. 

Sean Respir-

ation 

“Students engaged in an activity showing that you breathe in more 

during exercise. This was a structured inquiry activity as Sean 

instructed the students what they had to do and developed the research 

question. Students observed their pulses before and after exercising and 

were able to draw conclusions from this”. 

Through interviews participants revealed that it was indeed involvement in the CoRe 

workshops which alerted their thinking towards an inquiry orientation. Here are some 

examples. 
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Table 3.  

Examples of comments from interview and reflections 

Comments from Students Data 

Source 

It made me want to go away and think about what inquiry was (Sean). Interview 

Well the first thing I realised was, don’t teach how you were taught and don’t 

stick to the syllabus. … Use other ways like use inquiry [be]cause even when 

we’re thinking about how you’d use inquiry, I suppose we’re kind of inquiring 

ourselves, getting creative! And … I remember so much more from these sessions 

than I would from a lecture. And just when you talk about it, it’s kind of like, you 

know, that the effects of that type of teaching will be much better than the 

didactic. (Mary) 

Interview 

Inquiry based learning is vital for me as student teacher. I use it in all my lessons 

and I find to great in promoting students’ learning in the classroom and their 

interest in the topic being covered. It also extrinsically motivates students’. I also 

feels including it in lessons also helps me. Even though I love the topic of science 

and chemistry, using fun activities’ really makes the topic more enjoyable to 

teach especially if I see students’ understand the topic and are enjoying the 

lesson. (Sarah) 

Reflection 

Finally the authors will present a comparison between some of the definitions of inquiry 

presented by the cohort of pre-service science teachers in phase two and again in phase three. 

Table 4.  

Definitions of inquiry from phase two and three 

Definition of Inquiry Phase Two Definition of Inquiry Phase Three 

IBL covers the concept of allowing students to come up 

with and try to comprehend the certain topic without 

having to be told by the teacher. IBL draws on students’ 

prior knowledge in order to try and develop their 

knowledge of the current topic. It tries to defer away from 

teacher led learning and more to student led. 

Students have more responsibility for their 

learning. They engage in investigative processes 

where they try to discover results and experiments. 

Students try to discover the steps for investigations, 

enables them to make mistakes and unearth their 

misconceptions. Students think more about the steps 

involved in investigations if they are in control of 

the pathway the experiment can take. 

IBL is based on the idea that pupils learn by applying 

prior knowledge to the subject area and using this 

knowledge to explain and understand more detailed 

concepts, a less “Chalk and Talk” approach and a more 

student oriented approach.  

Scientific inquiry is getting students actively 

contributing to their learning. Questioning/probing 

them to encourage them to learn the how and why 

and not just the facts. To have them design their 

own investigations, questions, ect. so they feel 

actively involved in the information being 

presented. 

IBL promotes critical thinking among students. It 

requires them to use their prior knowledge to further their 

understanding of a topic. it encourages students to take 

some responsibility for their learning. It promotes 

understanding and deep learning. 

To me scientific inquiry is the use of developed 

skills to interpret, investigate and predict scientific 

outcomes using their prior knowledge, theory, data 

collected and investigative skills. 
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The above table reveals the development of the pre-service teachers’ understanding of 

scientific inquiry. With the definitions of inquiry in phase three there was a greater reference 

to the defined features of scientific inquiry. The definitions in phase two were very much 

reflective of general inquiry based learning as opposed to scientific inquiry. 

DISCUSSION 

The above findings provide an insight into the developing inquiry orientations within the 

PCK of a cohort of pre-service science teachers. They have developed their own definition of 

inquiry which resembles the key features of inquiry but the findings also show that the 

developing espoused inquiry orientations have successfully translated into actual classroom 

practice. Through engaging in a discursive environment provided by the CoRe workshops, 

where ideas are shared, the participants revealed that their understanding of inquiry had 

indeed developed. This study had started off as an exploratory study into the inquiry 

orientations of pre-service teachers but ultimately developed into an intervention study. 

Literature identifies with the difficulty of putting theory into practice (Loucks-Horsley & 

Matsumoto, 1999) however the findings of this study show that it is possible to do so. Apart 

from developing inquiry orientations, participants revealed many more benefits to being 

involved in these workshops and even advocated for their official inclusion into the 

programme of study.  

The significance of this study is such that it reveals somewhat of a baseline towards inquiry 

practice in Ireland, through the distribution of the questionnaire to teachers nationally. 

However it also reveals that through careful scaffolding it is possible to develop awareness 

and enactment of inquiry with teachers, both pre and in-service, once they are provided with 

the avenue to do so effectively. Through engagement in the CoRe workshops, pre-service 

teachers were essentially inquiry into their own practice within specific professional learning 

communities (PLCs). According to Lieberman and Woods (2002), well developed PCLs are 

crucial for enhancing both the content and pedagogical knowledge of early career teachers. 

They also reflect the theory of “situated learning”, where the premise is that meaning and 

learning are socially constructed (Lave, 1993). This theorisation of learning iterates the 

importance of group collaboration in the development of new learning, within this current 

study involving the pre-service teachers in the CoRe workshops. Previous attempts to 

develop PLCs have focused on typecasting early career teachers as “passive consumers of 

pre-packaged knowledge” (Lieberman & Woods, 2002, p.316) instead of being active agents 

in the development of their knowledge base for teaching. While the emphasis within this 

current study was to give ownership of learning and development back to the pre-service 

teachers it was envisaged that the creation of PLCs could serve as a more valuable 

intervention than if individual contributions were the focus of the study. They were 

scaffolded to a degree through the PCK lens but they were responsible for their own learning 

within this PLC. Indeed the findings suggest that it was within this supportive discursive 

environment that meaningful learning took place to the extent that some participants believed 

they learned more within the study setting than in a lecture setting. The lecture setting is 

typical of an environment where the learners are seen as “passive consumers of pre-packaged 

knowledge” (Lieberman & Woods, 2002, p.316) and this current study suggests that a more 

interactive setting with careful scaffolding can accelerate the genuine learning of pre-service 

teachers as they inquire into their own practice.  
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CONCLUSION 

This paper provides some of the findings from what was a larger study. The focus of this 

paper was to present evidence of how a developing awareness of inquiry has successfully 

transitioned into the classroom setting. The implications of this study suggest the importance 

of engaging novice teachers in situations whereby they can discuss and share ideas which are 

essential in developing their PCK. As mentioned previously, the pre-service teachers did 

struggle initially to consider how they could teach topics using an inquiry approach, however 

the scaffolded PLC which they were part of during the study afforded them the opportunity to 

listen to each other’s ideas while concurrently verbalising their own thoughts. Instead of 

“spoonfeeding” the pre-service teachers the information, they were responsible for their own 

learning which is something we as teacher educators advocate use for with our students in the 

classroom. How can one be expected to teach using student led approaches when it is not 

being enacted as part of their own training? The uniqueness of this study lay with the pre-

service teachers being responsible for their own professional development in a carefully 

scaffolded environment using the CoRe tool which understandable has gained significant 

attention in the literature. It has been used in other contexts as a curriculum development tool, 

for example (Moore &Woolnough, 2012). However this study has shown it can be used to 

develop inquiry orientations which can successfully be enacted in the classroom setting. 
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Abstract: Teachers in Germany are often trained in only one of the disciplines 
biology, chemistry and physics although the curricula in several federal states provide 
an integrated subject science. At the University of Regensburg the pilot project NWT 
(science and technology) which aims to improve pre-service teacher education started 
in 2009. The external evaluation in 2011/12 was very successful and the present 
application is to establish the integrated subject science (NWT) in the pre-service 
teacher education at universities and thus implement a teacher education reform. 

NWT students are similarly trained in all three natural sciences. The courses are 
designed and run collaboratively from both a scientific perspective as well as a 
subject didactics perspective. Interdisciplinary topics and applied contents are 
essential. In addition the future teachers consider students’ experience in everyday-
life and their everyday concepts. Therefore empirical studies are conducted and 
classes come to the laboratories at university to carry out experiments and to be 
individually promoted by NWT students. 

From the very beginning research focussed on the assessment of the programme and 
the characterization of the NWT students and their development, for example their 
personal technical focus and need of support, their self-concept skills concerning 
biology, chemistry an physics, their interest in teaching science and their self-efficacy 
in teaching biology, chemistry and physics. Data were collected several times during 
the education. 

The characteristics of the NWT concept as well as findings from the research 
accompanying the pilot project in teacher education and results from the external 
evaluation will be presented in this paper. 

 

Keywords: Educational Reform, Initial Teacher Education (Pre-service), Science 
Education 

 

BACKGROUND, RATIONALE AND PURPOSE 
Each country has its own way(s) to educate science teachers. In Germany they are 
often trained in only one of the disciplines biology, chemistry and physics although 
the curricula in several federal states provide the integrated subject science. There are 
different reasons to establish such an integrated subject not only in school curricula 
but in pre-service teacher education at universities. 

 

Reasons for an Integrated Science Education 
a) Perspective of the students/learners 

Strand 13 Pre-service science teacher education

2371



Children and young persons do not notice their environment divided into biology, 
chemistry and physics but as a whole. The holistic view facilitates the perception of 
connections, joined-up thinking, and the discussion on problems in everyday-life, 
environment, and society (Rehm et al., 2008). In addition, an integrated concept has 
positive effects on the attitudes of young people towards science education and 
reduces gender differences on this issue (Bennett et al., 2007).  

b) Perspective of  the (future) teachers 
Considered internationally science education in school is often organized as one 
integrated subject (for reasons see a)) instead of single disciplines (e. g. Canada, 
Australia, USA, Great Britain, The Netherlands, Switzerland, Norway…), (Möller, 
2007; Rehm et al., 2008). In Germany lots of teachers (primary and middle school) 
face the problem, that they are only trained in one of the disciplines (mostly biology) 
but have to teach the others as well. 

c) Perspective of educational policy 
Scientific literacy and development is essential for our society. Therefore more and 
especially better trained teachers for science and technology are needed in most 
countries. These teachers should foster the interest and competencies of their students 
in an optimal way. Policy makers encourage schools to strengthen their profile in 
natural sciences. 

 

Characteristics of the NWT Concept 
The pilot project NWT (science and technology) started in 2009 and aims to improve 
pre-service teacher education. A target agreement was made between the Ministry of 
Science, Research and the Arts and the university to reform teacher education. 
Therefore, primary and middle school teachers are similarly trained in all three natural 
sciences/integrated. The NWT programme should result in both more and better 
trained teachers than before. 

The improvement of pre-service teacher education should be reached by the 
following: 

- The courses are designed and run collaboratively from both a scientific 
perspective as well as a subject didactics perspective. School and instruction are 
focused from the very beginning while elaborating different science contents. 

-  Students have to be active in all our courses, for example by conducting 
experiments and reflecting them, and by cooperative learning. 

- Interdisciplinary topics and applied contents are essential. There is a large variety 
of courses to be chosen by our students, for example “weather, climate, 
environment” or “transformation, transport and storage of energy in nature and 
technology” or “bionics”. 

- The education of the NWT-students is exclusively organized in small groups. This 
guarantees that everyone is deeply involved. 

- In addition the future teachers consider students’ experience in everyday-life and 
their everyday concepts. Therefore empirical studies are conducted and classes 
come to our laboratories at university to carry out experiments and to be 
individually promoted by the NWT-students. 
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The NWT-studies are divided into two phases. In the first phase, the students attend 
basic and advanced training courses in biology, chemistry, and physics (scientific 
perspective as well as a subject didactics perspective). At once all students take an 
additional course in general science didactics. The second phase is characterized by 
integrated science courses. This is the moment where school classes come to the 
laboratories at university so that the future teachers can experience the students’ 
everyday concepts and carry out experiments they have planed on their own or 
elaborated together with the children. Furthermore there is a large variety of 
interdisciplinary courses to be chosen by the NWT students. Overall the NWT-studies 
(during the pilot project as a subsidiary subject) comprise 32 credit points for primary 
school teachers and 41 credit points for middle school teachers. 

 

EMPIRICAL STUDY 
Research Questions, Design and Procedure 
Each new teacher education programme has to be assessed. In the following, I restrict 
to some of our research questions: 

- Is the pilot project NWT successful in recruiting more students for the natural 
sciences than the traditional teacher education in former times? 

- What is the personal technical focus and need of support of the NWT students 
when they enter university? 

- Can the self-concept skills, the interest in teaching, and the self-efficacy in 
teaching biology, chemistry, and physics of the NWT students be developed in a 
positive way? 

The research accompanying the pilot project comprises a questionnaire. Data is 
collected before the first phase of the NWT-studies (time 1), between the two phases 
(time 2) and after the second phase (time 3). The development of our students shall 
thus be tracked over the whole period of pre-service teacher education (about four 
years). Furthermore we plan to continue these studies during the first years in-service 
of our alumni. In addition, data collection was and will be carried out in control 
groups. 

The questionnaire comprehends: 

- personal data 

- science and technology (NWT) 
(reasons for choosing the subject, personal need of technical support, importance 
of different aspects for the own NWT-studies…) 

- biology, chemistry, physics  
(interest in the school subject, interest in the discipline, self-concept, personal 
relevance, interest in teaching, self-efficacy…) 

- instruction related competencies  
(subject matter, learner, teacher) 

The questionnaire was proved in a pilot study in 2009 with 204 participants. The 
(sub)scales showed satisfying up to excellent reliabilities. 

In addition, statistics of our university have been analyzed. 
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Analyses and Findings 
The original planning referred to 60 students for the new subject NWT at university 
each year. This calculation was based on former statistics (education in single 
disciplines) where in average 54 persons per year decided to study biology, 7 physics, 
and 3 chemistry to become a primary or middle school teacher. Four and a half years 
after the start of the NWT pilot project there are about 90 - 100 students per year to be 
educated in integrated science which is a great success. Two thirds of our students 
want to become a primary school teacher, one third a middle school teacher. NWT 
brings more (future) teachers into science. 

Before the first phase of the NWT education (time 1) the students were asked about 
their personal technical focus. The great majority (261 students) gave the answer 
“biology” (figure 1, N=382). Most support is needed in physics (190 students) and in 
chemistry (169 students, figure 2). It is one of the main objectives of the project to 
train the students similarly in all three natural sciences. 
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Figure 1. Personal technical focus of 
the NWT students when they enter 
university. 

Figure 2. Personal technical need of 
support of the NWT students when 
they enter university. 

 
Further psychometric data were collected using some modified scales originally 
developed by Kleickmann (2008). The answering scale reached from 1 (low) to 5 
(high). 

How do you rate your present skills in biology, chemistry and physics? With four 
items such as “There is no fundament for me to deal with topics in physics” the self-
concept was rated by the students (.83.87, N=382). The self-concept of the NWT-
students (time 1) is high gear concerning biology (M=3.93, SD=.68), in chemistry 
(M=2.99, SD=.89) and physics (M=2.90, SD=.88) it is below the theoretical mean.  

How is your interest in teaching biological, chemical and physical topics? All 
subscales consisted of four items such as “I will avoid teaching chemical topics as far 
as possible” and showed good reliabilities (.82.91, N=382). The highest interest 
(time 1) was found for teaching biology (M=4.50, SD=.53) but also the interest in 
teaching chemistry (M=3.82, SD=.82) and physics (M=3.68, SD=.89) is high.  

How do you rate your competence to teach biological, chemical and physical topics? 
The self-efficacy was ascertained with four items like “I dare to teach in a way that the 
students are able to understand biological topics” (.83.88, N=382). We have 
analogical findings (time 1) as seen for the previous constructs: the highest self-
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efficacy was rated concerning biology (M=3.99, SD=.72), followed by chemistry 
(M=3.29, SD=.93) and physics (M=3.18, SD=.88). 

All these results are hold for time 1. One aim of the NWT pilot project is to develop 
the self-concept, the interest in teaching, and the self-efficacy of the students 
(especially in chemistry and physics) in a positive way. For this, first longitudinal 
analyses were computed using the General Linear Model (GLM) Procedure of the 
statistical software SPSS. Preliminary findings (N = 49) suggest that the self-concept 
skills and the self-efficacy in teaching stay on the same high level (figure 3) or 
increase (figure 4) concerning biology, while there is a considerable increase for 
chemistry and physics. The self-efficacy in teaching chemistry rose with a big effect 
size (Cohens d = .835***) from time 1 to time 3, also the self-efficacy in teaching 
physics (Cohens d = .802***), both figure 4. Similar results are found for the 
development of the self-concept skills from time 1 to time 3 in chemistry (Cohens d = 
.846***) and physics (Cohens d = .410***), both figure 3. For the longitudinal 
model, data control and further data analyses with a larger sample will be next steps. 
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Figure 3. Development of the self-
concept skills of the NWT students. 

Figure 4. Development of the self-
efficacy in teaching of the NWT 
students.

 

EXTERNAL EVALUATION 
In addition to the questionnaire accompanying the whole pilot project, every NWT 
course was rated by the students each semester. Furthermore the external evaluation 
in 2011/12 (peer review process complying with national and international standards) 
was also very successful (Evalag, 2012): 

- The pilot project NWT aims to supply a considerable contribution to a teacher 
education that is sustainable and in line with school practice. 

- The evaluation committee considers NWT as innovative, unique in Germany and 
thus absolutely worth to promote. 

- Disciplinary borders have successfully been torn down and replaced by an 
integrated approach.  

- Furthermore the high amount of experiments is remarkable. 

- The successful pilot project is important for the whole society - especially teachers 
for the natural sciences and integrated sciences are in search all over the country. 
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- The evaluation committee can summarize that the aims have been tracked 
consequently by the NWT-team. 

- It is assumed that the model project provides the schools with more and better 
trained teachers. 

- NWT should thus be continued and established not only as a minor subject, but 
also as a major subject in the future. 

 

SUMMARY, CONCLUSIONS AND GENERAL INTEREST 
The pilot project NWT brings more teacher students into the natural sciences than the 
traditional education in single disciplines. Much more students enlisted for the new 
subject as expected. 

When entering university, NWT students have their personal technical focus in 
biology and need most support in physics and chemistry. This corresponds with the 
situation in lots of primary and middle schools. Thus NWT contributes to a better 
future situation in the schools. 

At the beginning, the self-concept skills, the interest in teaching and the self-efficacy 
in teaching of the NWT students are on a higher level for biology than for chemistry 
and physics. Referring to the longitudinal model, the NWT studies seem to develop 
the self-concept skills and the self-efficacy in teaching biology, chemistry, and 
physics in a positive way, especially in chemistry and physics. Further research with a 
larger sample and on our alumni that work in school will be needed in this field. 

NWT is a unique programme to improve pre-service teacher education by doing 
integrated science. Only if teachers are aware of the connections between the 
disciplines and if they have learnt joined-up thinking and conducting various 
experiments on their own they are able to instruct students adequate to many new 
curricula in school. The external evaluation of the NWT concept was very successful 
and current steps are to establish NWT in the pre-service teacher education and thus 
implement a teacher education reform. This is an ongoing process with the ministries. 
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Abstract: As teacher preparation programs contribute to the quality of instruction, the 
evaluation of teacher preparation programs can provide useful information for the 
improvement of teacher preparation and practice. Nevertheless, progress in research on 
science education contrasts with scarce number of articles and open forums existing about 
specific evaluation tools and methods to know the initial teacher training courses’ 
effectiveness. In this paper, we present the design and analysis of a Likert-type scale 
questionnaire used to measure how effective is a Primary teacher training course in 
changing preservice teachers’ conceptions about science and how it works, science 
teaching and learning. After validating and pilot testing, the questionnaire was 
implemented and the statistical treatment of data collected through the questionnaire aimed 
to determine Reliability, Significant Differences and Effect size (which quantifies the 
observed differences between pre and post-test). Results show significant differences and 
moderate-large effect size were found between pre (N=199) and post-test (N=188), which 
seems to demonstrate our training program produce a progress in student teachers’ 
conceptions. Specifically, the highest effect size found corresponds to the category called 
“Teacher and teaching” implying that the greatest conception change occurred in this 
category. 
 
Keywords: Initial teacher training, conceptions change, evaluation of training 
proposals, questionnaire 
 
 
INTRODUCTION 

The current “scientific literacy” and “science for all” approaches require new teaching 
strategies focused on helping students to learn about scientific inquiry but also understand 
science concepts (Osborne & Dillon, 2008). Initial teachers’ training plays a fundamental 
role in achieving this change in sience education, however, the huge volume of research 
related to strategies for science teacher preparation in recent years (Schwarz, 2009), 
contrasts with the lack of information about what we are doing in initial teachers’ training 
and how we evaluate it. As the National Research Council committee charged with 
reviewing teacher preparation programs concluded, there is practically “no systematic 
information on the content or practices of preparation programs or requirements for 
science teachers” (NRC, 2011).  

The situation is similar in Europe; while there is some research on what might be effective 
in preservice education little is known about what is actually offered. Moreover, methods 
used by trainers to evaluate their training courses and their effectiveness in achieving their 
objectives also seem to be scant. Often the maelstrom of daily preparation and 
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development of classes distracts from awareness of what our students are achieving and we 
are guided by perceptions such as students' enjoyment and not by evidence obtained from 
systematic evaluation.  

Nevertheless, as teachers’ trainers, we should ask ourselves and be able to answer a 
question: Does our initial teacher training program really work? In order to answer, in this 
study we show the design, implementation and validation of a questionnaire designed to 
measure the effect of an initial training course on preservice teachers’ conceptions about 
science and about teaching and learning. New data and the tool which we add to the 
literature may be useful for understanding and comparing the effectiveness of other 
teachers’ training program. 

RATIONALE 

According to educational research, prospective teachers have very persistent attitudes, 
conceptions, etc. about science and how science works, science teaching and learning that 
joined to their content knowledge can work as obstacles for an effective change in science 
teaching (Tobin & Espinet, 1989). Therefore, to overcome these obstacles, teachers’ 
training and its evaluation should be focused on, among other things, changing pre-service 
teachers’ conceptions (Porlán & Martin del Pozo, 2004), which requires paying attention to 
the following issues: 

- Science content knowledge, helping prospective teachers to be able to explain 
natural phenomena and support the use of models in Primary Education; 

- conceptions about science, how inquiry works, and justification of science teaching, 
questioning the preparatory purpose of science education or reductionist 
conceptions about science, and promoting “scientific literacy for all” approaches; 

- conceptions about learning, overcoming simplistic views and moving towards the 
social constructivist conception;  

- and conceptions about science teaching and teacher’ role, questioning a model 
focused on subject content and teacher's explanations, and promoting a student-
centered education. 

Given these dimensions, we have designed an initial training program focus on a 
modeling-centered inquiry approach, (Martínez-Chico et al., in press). This instruction 
approach allows us to work on the dimensions mentioned, engaging learners in scientific 
inquiry whose focus is on the construction and revision of scientific models that can be 
applied to understand and predict natural phenomena (Schwarz, 2009). To evaluate the 
training program a questionnaire obeying a pre-experimental design pretest-instruction-
posttest, has been designed, implemented, validated and analyzed, considering the 
conceptions’ change outlined above. 

METHODS 

Questionnaire development and validation 
To discover the degree of impact of our program on changing preservice teachers’ 
conceptions, we designed and developed a Likert-scale questionnaire (1=Strongly 
disagree; 2=Disagree; 3=Neither agree nor disagree; 4=Agree;5=Strongly agree), 
according to these categories: 

a) Science, scientific activity and justification of science education 

b) Students and Learning 
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c) Teacher, teaching and assessment  

For each category, ‘big ideas’ were chosen from science education literature. 46 items 
were written up, a positive-negative pair for each main idea, which were selected randomly 
to develop two questionnaires, with the aim of checking the consistency in participants’ 
responses. 

Both questionnaires, applied with forty minutes apart to avoid comparison between 
positive and negative items, were tested with a pilot sample of Primary School preservice 
teachers (20) with the purpose of modifying items or not. After checking consistency in 
each participant’ responses (individuals who responded to 15% items inconsistently were 
excluded), a criterion for changing items was established: if more than 20% of the sample 
responses on an item were contradictory, it must be rewritten. Only 2 items were changed. 
The final questionnaires can be found at: 

https://www.dropbox.com/s/7msv2e0d4exk74k/TEST.docx. 

Sample 
The sample comprises students in the 2nd academic year of Primary School Teacher’s 
Training Degree in the University of Almeria (divided into 4 groups). They experienced 
the training program we designed (whose effect on student teachers’ conceptions we intend 
to measure). 

The pre-test was administered to 199 students in the first session of the science education 
program after explaining the purpose of our research briefly. The post-test was 
administered to 188 students in the last session, following the same application procedure. 

RESULTS AND ANALYSIS 
The statistical treatment of data collected through the questionnaire aimed to determine 
Reliability, Significant Differences and Effect size. 

Table 1.  

Statistical analysis 

Reliability 

Ability to demonstrate stability 
or consistency of scores 

Cronbach’s Alpha coefficient has been calculated, 
obtaining a value of α= 0.851  

Acceptable values are those above 0.70 

Significant Differences 
between pre and post-test  

Degree of certainty that there 
are differences rather than just 
chance 

Nonparametric tests have been performed (as the 
data do not conform normality), obtaining 
significant differences in every item 

Effect size 

Quantifies the observed 
difference between pre and 
post-test 

It was calculated using the Wilcoxon signed-rank 
test (a non-parametric statistical hypothesis test 
used when comparing two related samples) 
obtaining a substantial effect in 83% of items  

According to research on educational innovation, 
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effect size values upper than 0.15 are considered 
relevant (Valentine & Cooper, 2003) 

Figure 1 shows the average values of students’ responses in pre and post-test for each item. 
On the x-axis (in brackets) the effect size of each item is shown, for example, the highest 
effect size found corresponds to item B8 with a 0.76 value. This is an item related to the 
order of teaching contents: it should be from the most concrete and closest contents to the 
most general and abstract ones. 

We used this parameter (the effect size) because, in addition to ensuring the existence of 
significant differences, we think it is very important for the validation of our training 
program not only to know whether differences are statistically significant but also to know 
their size. Moreover the average values of the effect size have also been calculated as an 
indicator of the training course’ effect on each general dimension. They are shown in the 
upper area of the graph (figure 1), the highest value being 0.41 which is related to 
“Teacher and teaching” implying that the greatest conception change occurred in this 
category. 

 

Figure 1. Difference between pre testing and post testing. 

Another item with a very high effect size (0.51) is related to the view of science and 
scientific work, and it refers to the importance of communicating ideas in the process of 
generating scientific knowledge (item B22N).  

Regarding to the category Students and learning, the idea "children have their own 
explanations about phenomena before learning the scientific explanations" established in 
the item A5 refers to the need to question and change the naive views about science 

Strand 13 Pre-service science teacher education

2381



learning. In this case, we also obtained good results as the high effect size found (0.53) 
indicates. 

Furthermore, two items in which the effect size has been very high too, are included in the 
category Teacher and teaching: “Children explanations are persistent and do not change 
because the scientific explanations are shown clearly and orderly” (A1), so they should do 
scientific activities in class: as engage in problems, formulate and justify their own 
hypotheses, look for evidence…” (B6). In these ideas related to questioning traditional 
conceptions about teaching and the teacher’s role we found a effect size of 0.56 and 0.52 
respectively. 

CONCLUSIONS 

We present a questionnaire for measuring the effectiveness of an initial teachers’ training 
course (following a model-based inquiry approach) in changing preservice teachers’ 
conceptions. After being developed and validated, the questionnaire was implemented with 
a large group of preservice Primary teachers.  

The analysis undertaken suggest that our training program was effective of, taking into 
account that pre-test responses were already positive, the course lasted only 40 hours and 
that modest effect size values are significant in educative innovation.  

We have also extracted some evidence of our training program working. Concretely a 
comparison of pre and post-test results reveals significant differences in 22 of the 23 ideas 
and high-very high effect size, what means an improvement in the students’ responses: 
more agreement in items expressed in positive sense, and more disagreement in items 
expressed in negative sense. 

It strongly suggests a progress in student teachers’ conceptions about science, science 
teaching and learning, along every item; being the highest average value of the effect size 
calculated in the category “Teacher and teaching”, what implies that the greatest progress 
in preservice teachers' conceptions occurred in this dimension. 

Despite the good results obtained with the information that the questionnaire allowed us to 
collect on students' conceptions, we have to go deeper in our study oriented to evaluate the 
effectiveness of the initial teacher training. 

Until now, at best, we can only provide evidence of an instrument’s efficacy in measuring 
what it is designed to measure, in our case, conceptions. Therefore, these results will be 
triangulated with information collected through tools, in order to achieve a more complete 
evaluation of our teachers’ training program. With the aim of performing that more 
complete evaluation of the training course' effectiveness in changing conceptions, we will 
analyze also qualitative data collected by interviews with students, tasks performed by 
students and online forums developed along the course.  
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Abstract: This study reports on the use of a pedagogical content knowledge (PCK) lens to 

capture and portray orientations of a cohort of Irish (I) (n = 35) and Australian (A) (n = 5) 

pre-service science teachers towards the use of scientific inquiry. This PCK lens, known as 

Content Representations (CoRes), have served in developing and/or articulating science 

teachers’ PCK in a number of studies since its conception by Loughran, Berry and Mulhall 

(2006). However its use to document episodes of inquiry is under researched in the literature. 

CoRes were developed on four topics, the Particle Theory (I), Genetics (I), Electronics (A) 

and the Conservation of Energy (A). During analysis, ‘episodes of inquiry’ were collated 

using a coding system specific to the defined features of inquiry. Pre-service teachers were 

also interviewed for their views on inquiry. Results showed that the Irish pre-service teachers 

were lacking in any orientations toward inquiry thinking. They very much taught using a 

traditional didactic approach.  In the Australian context however, the CoRe developed on 

Electronics (A) showed some orientations towards inquiry. The CoRe developed on the 

Conservation of Energy (A) also incorporated an inquiry approach. One such example was 

through a teacher demonstration as a way of visually and kinaesthetically teaching a concept. 

So while the Australian cohort demonstrated an orientation toward inquiry based teaching, 

the Irish cohort was profoundly lacking. This drove on the next phase of the study in Ireland 

which began an intervention with a smaller cohort of pre-service teachers (n=12). The CoRe 

was altered slightly to have a more inquiry focus. Since this adaption the cohort of Irish pre-

service teachers begun to think through inquiry - not only in their CoRe development but 

visible in their action in the classroom.  

Keywords: Pre-service science teachers, scientific inquiry, pedagogical content knowledge, 

content representation (CoRe) 

INTRODUCTION 

A comparison between these two distinct education systems (Ireland and Australia) has never 

been undertaken. The choice of the countries involved was strategic because of the current 

economic relationship Ireland and Australia hold with each other and the current similar 

crises they both face in regard to science education. In Ireland achievement levels in science 

are regressing (State Exams Commission, 2011) and interest levels in science are alarmingly 

weak (Mathews, 2007). This is also true in Australia (Tytler, 2007). Research shows that 

inquiry-based teaching can increase motivation and interest in science (Rocard Report, 2007) 

as well as play a pivotal role in aiding students achievement levels (Asay & Orgill, 2010). 

Therefore, ways of engaging teachers in inquiry-based teaching is highly relevant and 

significant in addressing these concerns. The lack of inquiry practice in (science) teaching is 

known to be an international phenomenon (Campbell, Abd-Hamid & Chapman, 2010). 

However previous reports have revealed Ireland to be lacking considerably more than 

Australia in the use of constructivist approaches like inquiry. The TALIS Report (2009), 

which was a report commissioned by the OECD on the teaching and learning environments in 

post-primary schools within twenty-four countries, suggests that by direct comparison 
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between Ireland and Australia, Ireland would be particularly low when it comes to student-

oriented practice in the classroom and high in the use of structured teaching practices, in 

other words the traditional didactic approach to teaching. This study has, on a small scale 

looked at the comparison between the inquiry orientations of pre-service science teachers in 

Ireland and Australia. They key question here is 

(1) Even though there is a developing awareness in the research community on the 

importance of inquiry for student learning, is this being transmitted to the pre-service 

teacher population? 

This study offers the unique methodology of CoRes to work with pre-service teachers from 

the onset of their pedagogical development. The reasoning for this will be looked at in due 

course. 

LITERATURE REVIEW 

Teachers’ pedagogical content knowledge (PCK) has been an area of interest for educational 

research since its original development by Shulman (1986) over 25 years ago.  Scientific 

inquiry has been the focus of a number of researchers’ interests in recent years, particularly 

with new reports such as the Rocard report (2007) coining the term ‘Inquiry Based Science 

Education’ (IBSE) and calling for its use in the classroom.  

Shulman defined PCK as:  

“for the most regularly taught topics in one’s subject area, the most useful forms of 

representation of those ideas, the most powerful analogies, illustrations, examples, 

explanations, and demonstrations- in a word, the ways of representing and formulating the 

subject that make it comprehensible to others” 

                                                                                                                (Shulman, 1986, p. 9) 

It is a special amalgam of knowledge of content and how to teach that particular content to 

particular students (Loughran et al., 2006). Since the concept was developed, many 

researchers have tried to conceptualise it further. One such conceptualisation is that of 

Magnusson, Kracjik and Borko (1999) who viewed the inclusion of five components within 

the construct of PCK. These components are: 

 Orientations to Science Teaching 

 Knowledge of students understanding of science 

 Knowledge of instructional strategies 

 Knowledge of the science curricula 

 Knowledge of assessment of scientific literacy    

More recently Park and Oliver (2008a) developed the pentagon model to conceptualise PCK. 

This model also featuring the five components as described in the Magnusson et al. model 

(1999) but puts greater emphasis on the interaction and coherence between the components 

which is lacking in the model developed by Magnusson et al. (1999). This model also 

includes an additional component which reflects a teachers’ efficacy and their belief in how 

their ability can affect students’ outcomes as a persons’ perception of themselves can mediate 

their behaviour (Park & Oliver, 2008a). More recent discussions on PCK (PCK summit, 

2012) categorise PCK into personal and canonical PCK. The idea that PCK can be shared and 

applied to many teachers (canonical PCK) reflects a group representation of PCK whilst the 

personal PCK reflects the individual experiences of teachers. 
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Within the Magnusson et al. model (1999), they identified PCK as being composed of several 

components, one of them being orientations towards science teaching. This essentially refers 

to teachers’ knowledge and beliefs about the purpose and goals about science teaching. 

Magnusson et al. (1999) summarised the goals and nature of instructional strategies and 

revealed both inquiry (Tamir 1983, cited in Magnusson et al. 1999) and guided inquiry 

(Magnusson & Palincsar 1995, cited in Magnusson et al. 1999) as specific orientations 

towards science. Orientations towards science teaching shape teachers knowledge about 

instructional strategies, therefore it can be deduced that PCK within its described 

components, includes inquiry orientations. Key features of scientific inquiry according to 

Campbell et al. (2010) involve student doing the following: 

1. Asking questions/framing research questions 

2. Designing investigations 

3. Conducting investigations 

4. Collecting data 

5. Drawing Conclusions 

It is seen as an inductive approach to the teaching of science which is problem based in 

nature with the importance given to the experimental approach to solving the problem 

(Rocard Report, 2007). As mentioned previously the literature has reported its use in 

motivating students as well as increasing achievement levels in science (Wilson, Taylor, 

Kowalski & Carlson, 2010; Asay & Orgill, 2010). As the central focus of a teachers’ PCK is 

to make the material comprehensible to others, the authors would argue that the use of 

scientific inquiry, because of its ability to do this should be reflected in an awareness of the 

importance of linking scientific inquiry to a teachers’ PCK. This study is novel in that it looks 

at a comparison between Ireland and Australian, be it on a small scale, using a PCK lens to 

capture inquiry thinking in pre-service teachers.  

 

METHODOLOGY 
Content Representations (CoRes) have been used extensively in research studies to represent 

teachers’ PCK. They have proved effective (Bertram & Loughran, 2012) in assisting teachers 

to engage with their PCK in meaningful ways for their students. In this way, the CoRe was 

conceptualised to be an appropriate methodology in this study for exploring inquiry (as a 

component of the bigger picture of PCK). 

This study involves the use of a CoRe to capture and portray the PCK of two cohorts of pre-

service teachers, one from Ireland and one from Australia, while concurrently looking for 

evidence of inquiry wrapped up within the PCK of these pre-service teachers. In the Irish 

context, CoRes were developed in focus groups on specific topics. In the Australian context, 

CoRes were developed individually as they were to be used by each participant on their 

individual practicum. Therefore in the Irish context, the CoRes represent canonical PCK 

whilst in the Australian context, the CoRes represent personal PCK. The development of a 

CoRe firstly involved the participants identifying what the ‘big ideas’ were of a particular 

topic. ‘Big ideas’ are ideas that help in the central understanding of the topic. After the big 

ideas are developed, participates must answer eight pedagogical prompts which essentially 

draws out their PCK.  
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Figure 1. CoRe scaffold 

It is within the seventh pedagogical prompt “teaching procedures (and reasons for using these 

to engage with this idea)” that the authors believed that inquiry orientations could present 

themselves, however it is possible throughout the CoRe. The primary author analysed CoRes 

developed by Loughran et al. (2006) as part of a larger study and found inquiry orientations 

throughout the CoRe developed by expert Australian teachers. 

In Ireland, CoRes were developed on the topics of the Particle Theory and Genetics and in 

Australia on the topics of the Conservation of Energy and Electronics. In Ireland, the CoRes 

were developed before and after a six week teaching practicum experience and in Australia, 

were developed during a teaching practicum experience. The CoRes developed in Ireland 

were combined by the primary author under consultation from the pre-service teachers 

involved in the process. 

DATA ANALYSIS 

The sessions in which CoRes were developed and the post-intervention interviews were audio 

recorded for later transcription and the software package N-Vivo 9 was utilised to analyse the 

CoRes for evidence of inquiry. Extensive understanding of the defining features of scientific 

and general inquiry was used to help the researchers interpret the text.  Inquiry was coded for 

within the coding scheme using the features of inquiry mentioned previously. The coding 

scheme developed by the primary author was tested by another author in the Irish study to 

increase validity of the coding scheme. The primary author reviewed the CoRes developed 

both in Ireland and in Australia and the results were discussed with the Australian author 

using the coding scheme as a guiding framework.   
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Figure 2. Coding scheme developed to analyse the CoRes for evidence of inquiry 

The reasons why the PCK model developed by Magnusson et al. (1999) was chosen over 

more recent models such as that developed by Park and Oliver (2008a) was related to the use 

of Magnusson’s model in the existing literature to analyse CoRes. Also there is specific 

reference to inquiry found in the literature supporting this PCK model (Magnusson et al., 

1999). There was emphasis placed on the coherence and integration of the components of 

PCK in the coding scheme which was lacking in the original model developed by Magnusson 

et al. (1999). This coding scheme was used to analyse the observations, reflections and lesson 
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plans developed during phase three of the study. An open coding system was used to analyse 

the interviews. Post-intervention interviews were used to triangulate the data by having 

participants explain further details about their inquiry approaches in their CoRes. 

FINDINGS 

Ireland: Little evidence of scientific inquiry from the CoRes could be found. Some evidence 

of general inquiry based learning like the use of project based learning as an instructional 

strategy. Evidence of a didactic approach was evident throughout however the strategies were 

slightly more innovative after their teaching practicum experience. They had an awareness of 

inquiry but could not verbalise this into instructional strategies. One of the pre-service 

teachers also believed it would be difficult to teach some of the big ideas through inquiry and 

revealed “You just have to go through everything slowly and explain it in the simplest terms” 

(Aisling) with another pre-service teacher explaining the need for teacher talk “You have to 

do a bit of teacher talk, you cannot go straight into inquiry you have to give them something 

to feed off” (Rebecca) 

Australia: Both CoRes showed explicit evidence of inquiry based teaching. Examples are 

shown in the below table 

Table 1.  

Summary of the evidence of scientific inquiry evidenced from the CoRes 

Teacher Topic Evidence of Inquiry 

Mark Electronics “predict  write down your prediction as to which light bulb 

will be the brightest, Observe  by closing the switch the class 

will observe which light bulbs are the brightest and explain  

where students will write down using their own knowledge and 

reasoning why we observed what we did and not something 

else”. 

 

“At the end of this activity when each student has their own 

explanation as to why what happened, happened the way it did 

we will conclude with the remaining time available with class 

discussion and explanation using the simulation to reach overall 

agreement with the students as to the correct theoretical 

explanation”. 

Bob Conservation 

of Energy 

“My initial approach will be to explore these energies by 

discussion and getting students to debate their points of view. I 

then intend to progress through to practical demonstration by 

dropping and timing a known mass over a known distance. This 

will require timing with a stop watch, before being repeated 

using a couple of electronically timed photoelectric cells. I will 

need to interweave the formula for the two different energies 

into these discussions and demonstrations. Once I am satisfied 

that 'most' students have the correct concepts it will be time to 

move through to several problem - solving examples followed 

by a range of exercise questions they will need to do”. 
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Marks’ CoRe shows evidence of inquiry through the use of the predict, observe and explain 

model. He also considered the use of discussion and explanation to further the students’ 

conceptual awareness. With Bob, while he included the use of a demonstration as opposed to 

students doing the experiment themselves, there was evidence of inquiry from the initial 

discussions which involved the students formulating a research questions to engaging in 

discussions around the concept. This was an interesting contrast to the Irish CoRes. Through 

interview analyses, it was found that the Australian participants had been exposed to strong 

inquiry based pedagogy theory in their classes in their degree and that this had indeed 

developed this focus in their own ideas about teaching. 

DISCUSSION 

The findings from this study were interesting from two facets. The fact the 35 pre-service 

science teachers were involved from the Irish perspective and only 2, acting individually, 

from the Australian perspective amplifies the significance of these findings. Even with the 

PCK of two Australian pre-service teachers, inquiry orientations were visible but within the 

PCK of thirty five Irish pre-service teachers, inquiry orientations were initially lacking. The 

question remains, why is there such a significant gap in these orientations? The interviews 

with the Australian pre-service teachers revealed that they encountered scientific inquiry in 

the pedagogics modules but this was not the case in the Irish context. Indeed results of a 

survey in phase three in the Irish context showed that the pre-service teachers involved in the 

study had a higher average action of inquiry than pre-service teachers not involved in the 

study and in-service teachers teaching nationally. Therefore it can be determined that the only 

opportunity that the pre-service teachers got to develop an awareness of inquiry practice was 

through the continued CoRe development in phase two of this study. The discursive 

supportive environments created during the CoRe workshops in phase two facilitated the 

presence of professional learning communities which allowed the pre-service teachers to 

inquire into their own practice and be responsible for their own learning.   

CONSEQUENCE OF FINDINGS 

Within the Irish context, phase two of the study involved adapting the CoRe slightly to 

include an inquiry focus. The results of phase two in the Irish context revealed that pre-

service teachers are beginning to develop inquiry orientations as they continue to capture 

their PCK through this unique lens. The results of phase three have revealed that this cohort 

of pre-service teachers are putting the theory into practice by engaging in inquiry in the live 

classroom setting. We believe that this small study advances the field of developing scientific 

inquiry using an innovative methodology which connects it to PCK and offers evidence that 

there is a way forward. 
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Abstract: This exploratory qualitative study investigates how a group of Canadian pre-

service elementary science teachers discursively conceptualized teachers’ pedagogical 

autonomy in their examination of a socio-scientific (i.e., environmental) issue recently 

reported in the national print media. The issue is the proposed Northern Gateway pipeline 

project and the aspect of interest here is the British Columbia Teachers’ Federation 

decision to develop and disseminate teaching material about the potential environmental 

impact of the pipeline, both short and long term. Pre-service teachers were asked to read 

the national newspaper article and provide anonymous written arguments that were 

analyzed to reveal patterns in their perceptions of teachers’ pedagogical autonomy. More 

specifically, we sought to identify those particular elements of the newspaper article that 

were incorporated (or not) into participants’ individual analyses to support their 

impressions of teachers’ didactical ability and flexibility to teach school science 

successfully. Preliminary results suggest that pre-service teachers incorporated the 

article’s main assertion that teaching should be unbiased or neutral. This, in turn, suggests 

that teachers believe they are expected to refrain from expressing their personal opinions 

on socio-scientific matters in the classroom. Our study points to the need for school 

administration, students, parents and public opinion in general to re-consider the potential 

of one’s opinions for the development of healthy (and necessary) conversations in the 

science classroom. We conclude our study by reaffirming that any urge for total 

impartiality in science and in science teaching is detrimental to the public understanding 

of the Nature of Science (NOS). Finally, our discussion supports the inclusion of media 

literacy in teacher education programs and is also pertinent for people who are concerned 

with socio-scientific issues in the media and argumentation in/for scientific literacy. 

 

Keywords: media, pedagogical autonomy, pre-service teachers, science education, 

scientific literacy 

 

INTRODUCTION  

The worst illiterate is the political illiterate. 

 (Bertolt Brecht) 

One aspect of science literacy is the ability to participate in a fuller and more informed 

manner in public debate about socio-scientific issues. The Ontario Ministry of Education 
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(Canada) has chosen the following definition to be included in all provincial science 

curriculum documents
1
: “A scientifically and technologically literate person is one who 

can read and understand common media reports about science and technology [and] 

critically evaluate the information presented”. 

Therefore, the Ministry’s concept of scientific literacy is strongly tied with students’ 

aptitude to critically read media reports and with reason: mass media are an unavoidable 

part of our lives, affecting our decisions by informing us about events we often do not 

experience personally. Using popular media in the classroom—like newspapers, 

television programs, and online videos—can serve to promote argumentation, critical 

literacy, social responsibility, democracy, and citizenship (Dimopoulos & Koulaidis, 

2003; Jarman & McClune, 2007; Roth, 2010; Roth & Friesen, 2014; Wallace, 2004). 

Although media are not educational tools per se (Anderson, 2002), the more their features 

and contents are explored in the classroom, the better they contribute to making science 

relevant (Reis, Guimaraes-Iosif, & Reis, 2009). According to Norris, Phillips, and Korpan 

(2003): 

A main justification for compulsory schooling is its role in producing 

citizens with applicable literacy and critical thinking skills. There is no more 

appropriate site of such application than the media. (p. 127) 

However, science teachers must exercise autonomy when selecting the best media 

materials to use in their classrooms (Kosnik & Beck, 2009). In doing so, they can 

improve the quality of school science and engage students more successfully in practices 

that deepen their understanding of socio-scientific issues. At the same time, such 

decisions run the risk of being poorly received by the public, leaving novice teachers 

feeling disempowered, believing that similar independent decisions would be beyond 

their immediate responsibility to ‘impartial’ science teaching.  

RATIONALE 

Our study is situated within the movement for approaching science education in schools 

from a science, technology, society and environment (STSE) perspective (Pedretti & 

Nazir, 2011). In this context, an STSE focus can be highly motivating and engaging for 

teachers and students. For instance, it can extend people’s views of the world, help them 

create personal connections with what they are studying, and increase the possibility of 

making teaching and learning successful. At the same time, an STSE orientation 

generates a number of pedagogical challenges, one being the decision of which 

viewpoints should be included in classroom discussions (Pederetti, Bellomo, & Jagger, 

2014). Ultimately, we seek to explore this issue through an examination of the blog posts 

created by a class of elementary pre-service teachers on a socioscientific issue covered in 

a Canadian print media outlet. 

                                                 
1
 Science Coordinators’ and Consultants’ Association of Ontario (SCCAO) and Science 

Teachers’ Association of Ontario (STAO/APSO), “Position Paper: The Nature of 

Science” (2006), p. 1. 
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METHODS 

Context and Research Questions 

On October 3rd of 2012, the Canadian newspaper ‘National Post’ published an article 

entitled: “B.C. teachers’ union defends anti-pipeline teaching materials”. Briefly, the 

article reported that the Natural Resources Minister Joe Oliver accused the B.C. Teachers' 

Federation (BCTF) of promoting ‘unbalanced’ teaching materials on the proposed 

Northern Gateway pipeline project. The Northern Gateway project is a $7.9 billion dollar 

undertaking that would see the building of two pipelines stretching 1,177 kilometres from 

Bruderheim (Alberta) to Kitimat (British Columbia), both in Canada. The pipelines—the 

majority of which would be buried underground—would allow Canadian oil producers to 

reach the emerging markets of Asia as well as facilitate the transport of toxic liquid 

hydrocarbons used as thinning agents for heavy oils, including bitumen. At the time, the 

BCTF website was offering teachers various teaching materials on the controversial 

megaproject as part of its social justice program. The materials were developed by a 

group of BCTF members, and included lesson plans, a ‘fact sheet’ and a poster that 

stressed the risk of a major oil spill (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. BCTF’s poster available for classrooms. It features a bald eagle, grizzly bears, 

wild salmon and orca whales under the headline: “What we stand to lose with pipelines 

and supertankers.” Notably, the bottom-right corner shows a wide-eyed fish lying dead 

amid black oily sludge along with the faint image of a skull and crossbones.  
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Our qualitative study is set within the recent decision of the British Columbia Teachers’ 

Federation to support the development and dissemination of teaching materials about the 

proposed pipeline, which has been deemed controversial and a probable attempt by 

teachers to brainwash students (Reynolds, 2012). We investigate the perceptions of 

pedagogical autonomy expressed by pre-service teachers when asked to reflect on the 

issue. Our research questions were: (1) How does a group of elementary pre-service 

teachers in Canada respond to print media reports of the public reaction to B.C. 

Teachers’ Federation decision to develop teaching materials about a particular socio-

scientific issue? (2) How do participants’ responses indicate their perceptions of 

teachers’ pedagogical autonomy? 

Participants 

Participants (n=80) were pre-service elementary teachers at a bilingual Canadian 

university. They were enrolled in two sections of the science methods course that is a 

required component of the English language teacher education program. This program is 

a post-degree program, meaning that all students have already completed a university 

degree before enrolling in the Bachelor of Education program.  

As part of a course assignment, students read a specific Canadian Press article on the 

development and use of pipeline teaching materials that were prepared for British 

Columbia teachers. They were then asked to respectfully reflect anonymously on the 

issue and submit their reflections to a course blog.  

Data Collection and Analysis 

Reflections are currently being analyzed using NVIVO software, which will allow a 

closer examination of the construction of the blog postings and the source of the 

information that is incorporated in those postings. Our analysis is concerned with the 

relationship between participants’ reflections and the inclusion of ideas contained in the 

media article, and its application to teachers’ pedagogical autonomy.  

RESULTS  

Although the analysis is on-going, our preliminary results suggest that pre-service 

teachers tended to align their responses with the article’s discursive structure on two 

topics: (a) the importance of a public debate about the pipeline project and (b) the need 

for science teachers to be impartial when teaching about this particular issue. This 

alignment suggests a belief that teachers are expected to dispense with pedagogical 

autonomy when expressing their opinions on socio-scientific matters, as exemplified in 

the following responses: 

Teachers are given the responsibility of educating youth and I feel that by 

introducing a topic that they are passionate about is good for their students. 

They only get one side of the story but they can encourage their students to 

seek more information. Many subjects that are taught in school only give 

one side of the story. Teachers have to decide in many cases what they do 

and do not cover from the curriculum on a daily basis and throughout the 
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year so it’s the opinion of the teacher what is and isn’t important. I don’t 

feel that the teachers in BC are wrong but they should give both sides or at 

least encourage students to do more research so they are not only subjected 

to one side of the story. (Student A) 

I personally do not think it is a good idea for teachers to state their own 

political views; they are the teacher, and they are there to teach not to 

persuade. The teacher can bring this picture to class to let the students 

question it, explore the ideas put forth, do some research, then have 

students/class research the other side of the story. Then students can share 

their opinions on the topic and decide for themselves, and get more 

information, rather than only have half the story shown to them. Teachers 

should not state their particular view on this matter, they should stay neutral 

on such topics when in their classroom/school. (Student B) 

Student A shows a clear understanding of the daily decisions that teachers need to make 

in order to “cover” the curriculum—it is simply impossible to teach everything. However, 

she acknowledges the possibility that students are sometimes “subjected to one side of the 

story”—whether in regards of the pipeline discussion or other topics. Therefore, even 

though this participant implicitly supports the idea of “introducing a topic that [teachers] 

are passionate about,” she recommends caution and admits that BC teachers might have 

failed to present the full picture of the issue to their students. That is, she sees teachers as 

having limited pedagogical flexibility to decide what and how to teach the curriculum. 

Student B is adamant when affirming that “it is not a good idea for teachers to state their 

own political views.” She goes on to say that “[teachers] should stay neutral on such 

topics when in their classroom.” Although the use of the term ‘such topics” is not entirely 

clear, it is reasonable to suppose that it refers to ‘controversial’ topics. Similarly to the 

previous quote, here the participant seems to approve of the idea that teachers have 

limited pedagogical decision-making power in schools. 

Notably, both student A and B indicate that it should be up to the students to further 

research the issue to make up their minds on the issue. However, how to question the 

ideological positioning of these resources? Even if parents are to assist their own children 

in forming an opinion on current socioscientific issues, is it really possible to strive for 

neutrality? 

DISCUSSION 

The call for a more balanced perspective on the pipeline issue is strongly present in the 

original newspaper article—and is one that does not give an accurate picture of the nature 

of science (NOS). As stated in the article, just “encouraging” students to do research on 

“the other side of the story” might not solve the problem of one-sided arguments. On the 

other hand, there may not be “another side of the story”. The newspaper article itself 

didn’t provide the “other side”—which leaves it open for interpretation. Is it the political 

side? Economic? Nevertheless, the fact is that the opinions expressed above highlight a 

tendency to follow the same line of argumentation expressed in the article—i.e., 
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participants did not articulate what the “other side of the story” might entail. In 

privileging neutrality they run the risk of questioning teachers’ pedagogical autonomy to 

make decisions in their classrooms to improve the quality of the education they provide. 

The responsibilities of educators to their students extend far beyond the delivery of the 

content (Gardner, Jones, & Ferzli, 2009, p. 332). Teacher education programs should 

promote an understanding of the pedagogical autonomy that science teachers need in 

order to develop responsible teaching practices. These practices would advance a more 

accurate understanding of NOS and socio-scientific issues, and would develop critical 

notions such as environmental literacy, social justice, democracy, and citizenship. 

Science teachers can help their students make sense of content knowledge by connecting 

that content to everyday life using media. Additionally, using media to enhance pre-

service teachers’ sense of pedagogical autonomy models a strategy for those teachers to 

use in their own classrooms.  

Our research reveals some of the political aspects of science teaching that permeate 

public discussions in/about school science. Likewise, it contributes to the research 

literature by expanding upon student teachers’ understandings of their professional 

autonomy and how their experiences and understandings merge to make the teaching and 

learning of elementary science in schools more sustainable over time (Reis & Guimaraes-

Iosif, 2012). The results of this study will be of interest to people concerned with socio-

scientific issues in the media and with pedagogical autonomy. 
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Abstract: The enhancement of plants and their biodiversity is one of the key issues of 

the FW7 European project INQUIRE (Inquiry based Teacher Training for a Sustainable 

Future). In this project 17 partners – most of them botanic gardens - coming from 11 

countries work together in a 3-years network coordinated by the University of 

Innsbruck in Austria. The Institute of Biology Education at the University of Bremen is 

one of the INQUIRE partners. In close cooperation with the Green Science Centre 

botanika in Bremen and the Science Center Climate in Bremerhaven we developed the 

teacher training course “INQUIRE for Teacher Students”. In this course teacher 

students, active teachers, botanic garden educators, scientists and science educators built 

a “Community of Learners” to develop IBSE activities and materials in the context of 

biodiversity loss and climate change. 

The focus of the course evaluation laid on two levels: on the personnel level we wanted 

to know more about student teachers’ development of Pedagogical Content Knowledge 

(PCK), on the system level we were interested in the success of the “Communities of 

Learners” and the implementation of the course in the teacher education curriculum. For 

the course evaluation we used qualitative and quantitative methods: research diaries, 

World-Café-method, questionnaires (pre-post-design). The findings indicated the 

professional growth of the participants and the successful implementation in the regular 

pre-service education of ongoing primary and secondary biology teachers. 

Keywords: inquiry based science education, biodiversity loss, climate change, 

community of learners, European project 

 

THE EUROPEAN PROJECT INQUIRE 

The FP7 INQUIRE Project (Inquiry based teacher training for a sustainable future) is a 

three-years-lasting project focusing on inquiry-based science education (IBSE). 17 

Partners from botanic gardens, science centers, natural history museums and 

universities from 11 countries participate in the INQUIRE project coordinated by the 

University of Innsbruck in Austria. Science educators, and teachers of the primary and 

lower secondary level work together to develop INQUIRE courses focusing on the 

major global issues of the 21
st
 century – biodiversity loss and climate change. (see 

INQUIRE website) 

The Institute of Science Education, Department Biology Education, is one of the 

INQUIRE Partners. In close cooperation with the Green Science Center Bremen science 

educator, garden educator and botanists developed the “INQUIRE Course for Teacher 

Students: Inquiry-based learning in the context of biodiversity loss and climate change”. 

The course aims to raise the awareness of green plants as the basis of all living beings 
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and to highlight pathways for an Education for Sustainable Development using IBSE 

methods (Inquiry Based Science Education) (Elster, 2013). 

For pupils to truly learn science concepts, they both need practical opportunities to 

apply knowledge and help in integrating or exchanging the knowledge the gain. While 

doing hands-on activity, the learner is learning by doing but while minds-on learning, 

the learner is thinking about what she or he is learning and doing. Hofstein and Lunetta 

(1982) state that a minds-on science activity includes the use of higher order thinking, 

such as problem solving compared to the hands-on activity. Therefore, students should 

be both physically and mentally engaged in activities that encourage learners to question 

and devise temporarily satisfactory answers to their questions (Victor & Kellough, 

1997). 

What is IBSE? 

The INQUIRE project is based on a broad understanding of Inquiry Based Science 

Education (IBSE). We define scientific inquiry is a multifaceted activity that involves 

making observations; posing questions; examining books and other sources of 

information to see what is already understood; planning investigations; reviewing what 

is already known in the light of experimental evidence; using tools to gather, analyze, 

and interpret data; proposing answers, explanations and predictions, and communicating 

the results. Scientific inquiry requires identification of assumptions, use of critical and 

logical thinking, and consideration of alternative explanations by finding answers to 

questions (NCR, 1995). 

INQUIRE learning is not about memorizing facts – it is about working with living 

organisms (mainly plants), observing natural phenomena, formulating questions, linking 

evidence to explanations and finding appropriate solutions to explain observations and 

address questions and problems. There may be simple tasks or complex undertakings 

but they will always lead to learners experiencing the excitement of solving a question 

or problem on their own, usually as part of a team in a learning community (INQUIRE 

Consortium, 2011). 

Professional development within a Community of Learners  

In the INQUIRE Project, teachers and botanic garden educators work together in 

Communities of Learners (Wenger, McDermott & Snyder, 2002). The main goals of 

CoL are to improve learning and teaching skills, to share responsibility for professional 

growth, and to partake in professionally guided discourse about one’s own teaching and 

learning.   

In the INQUIRE project, the national CoL work together in the development of 

INQUIRE teacher training courses. In processes of co-construction botanic garden 

educators and teachers develop inquiry-based activities and modules. This requires 

agreement on the working process, shared goals (of botanic garden educators and 

teachers), as well as a critical rethinking of one’s own practice (Elster, 2013).  

In addition teachers’ professional development depends on the teachers’ culture of 

reflection. Action research is expected to support teachers in establishing a research 

relationship to their own practice (acting in the classroom) and to empower them to act 

as ‘reflective practitioners’ (Schön, 1983).  
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Communities of Learners are effective tools for the implementation and dissemination 

of new teaching and learning approaches. We know from literature that the following 

parameters are important for the success of Communities of Learners (Vescio, Ross & 

Adams, 2008).  

 Setting joint goals for the participants in the learning community  

 Focusing on students’ learning (outcome orientation) 

 Reflecting on curriculum, teaching and learning processes  

 Focusing on collaboration  

 Enabling teachers to understand themselves as learners 

 Ensuring autonomy and freedom of decision-making  

In the INQUIRE Course at the University Bremen we use this approach to investigate 

the professional development of the course participants. 

 

INQUIRE COURSE IN BREMEN  

The Bremen INQUIRE course was addressed to teacher students and active teachers 

who are interested in inquiry based learning dealing with the topics biodiversity, 

biodiversity loss and climate change. The course was performed at the green houses and 

laboratories of the University Bremen in the winter semester 2012 and the summer 

semester 2013. 

 

Figure 1. Schedule of the INQUIRE for Teacher Students Course in Bremen. 
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In the INQUIRE Courses teacher students and teachers, science educators and scientist 

built Communities of Practice (Wenger eta al., 2002) with the goal to elaborate a shared 

meaning of IBSE in the context of sustainable development. They developed concepts 

and IBSE activities, tested them in the labs and green houses at the University Bremen 

and exchanged their experiences. Visits at the Green Science Center botanika Bremen 

and the Climate House in Bremerhaven were an essential part of the courses which 

consisted of three modules (Figure 1):  

Module 1. Teacher students and teachers acted as a “Community of Learners”. 

Supported by science educators and botanists they constructed knowledge in the 

context of biodiversity loss and climate change and built a shared understanding 

of IBSE together. They explored and investigated several IBSE activities using 

authentic learning environments: Outdoors, the green houses, the botanic garden 

and labs of the University of Bremen as well as at the Science Center Climate 

House. 

Module 2. The participants built school teams consisting of one active teacher 

and three to four teacher students. The teacher students planned and conducted 

initial school visits to investigate the interest and knowledge of the pupils of 

“their” school classes regarding plants, biodiversity and climate change. Later 

on, in close cooperation with botanic garden educators and science educators the 

school teams developed 6-hour school projects. They developed IBSE activities 

and materials for 5-8 graders using an assessment check list with IBSE criteria 

as a guideline. Four questions steered the development of the school projects: 

How do we want to promote IBSE? How do we want to expand knowledge 

about the connection of biodiversity loss and climate change? What can we do to 

prevent plant blindness? What (else) shall our pupils learn? 

Module 3. The teams invited their school classes and conducted the IBSE 

project at the biological garden (greenhouses) and the labs of the University of 

Bremen. They evaluated and assessed the pupils’ learning and reflected on their 

own professional growth. 

Research questions and design 

The evaluation of the training course was conducted using qualitative and quantitative 

methods. Reflection was encouraged from teacher students, teachers, botanic garden 

educators and teacher trainers who also took into account their pupil’s learning 

In total, 44 teacher students and eight teachers participated in the courses. They 

reflected on their own learning and evaluated and the effectiveness of the school 

projects using research diaries, concept cartoons and concept maps.  

In addition, a meta-evaluation was conducted about the growth of student teachers’ 

PCK (Shulman, 1986) and the effectiveness of the INQUIRE teacher training courses 

(Vescio et al., 2008).  
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FINDINGS  

Personnel level: Teacher students´ professional development 

The development of an IBSE school project in teams, together with active teachers, 

promoted the subject-specific Content Knowledge (CP) and the Pedagogical Content 

Knowledge (PCK) of the participants. They gained subject knowledge and knowledge 

about the pupils’ attitudes, knowledge and interest, knowledge about planning and 

conducting IBSE activities, knowledge about the curriculum, knowledge about 

unconventional assessment techniques like concept cartoons and concept maps. Some 

details: 

Subject content knowledge 

“Today we learnt a lot about biodiversity. The different plants and their 

morphological adaptation to climate factors – that was new for me.” 

(diary_teacher student_C1) 

Student teachers reported an increase of subject content knowledge in the field of 

biodiversity (Figure 2). The educators at the biological garden, in the Green Science 

Center botanika and the Climate House were recognized as experts in their specific 

domain.  

 

 

Figure 2. Average scoring achievement of teacher students in the pre-post-test regarding 

factual knowledge about biodiversity. 

Based on the questionnaire survey (pre-test) we indicated that the teacher students had 

little prior knowledge about biodiversity. During the course the teacher students gained 

a more differentiated picture about the three dimension of biodiversity: Genes, species 

and landscapes. In the post-test 12 from 13 students reached level 3. They gained 

elaborated knowledge about the aspects and concepts of biodiversity (Figure 2). 

„[…]biodiversity, I knew before that it is about the different plant and animal 

species different habitats and genetic diversity, I caught up on the meaning of 
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the word “biodiversity” by reading, but I did not know how to implement this 

contents into my lessons before.” (interview_teacher) 

The participants reported a constant increase in their level of knowledge about plants 

species. They gathered detailed information about plants and their survival in the 

winter, plants and their pollinators, the diversity of certain plant families like 

Bromeliad, Orchid, and Rhododendrons. 

Methodological knowledge about IBSE 

“I feel confident about planning and conducting IBSE activities.” 

We identified an increase of the self-estimation of the teacher students about their own 

IBSE competences. Based on the novice-expert-paradigm (Dryfus & Dryfus, 1987)  the 

teacher students moved from mainly “beginners” to “advanced” or “experienced” with 

regards to their competences in IBSE (Figure 3). 

 

 

Figure 3. The self- estimation of competences regarding IBSE in the pre-post 

comparison (N = 13 teacher students). 

 

Willingness to use inquiry-based learning approaches 

The participants reported an increase in practical knowledge on how to initiate and 

conduct IBSE processes. That led to a readiness to use inquiry-based teaching and 

learning approaches. The self-estimation of IBSE competences and the willingness to 

teach in this way arose. 

“Especially exciting for me was to try out the teaching materials developed by 

us, because  never before had I been confronted with such an open and 

research-oriented task.” (diary_teacher student_A12) 
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“…and when they can explore something on their own. This inquiry-based 

science education, is very different from just adopting something in a passive 

way. For me this was great.” (interview_teacher) 

Most of the teacher students reported a commitment to the effectiveness of IBSE in the 

pre-test as well as in the post-test. Reasons they gave were “practical work”, “high 

interest”, “fun”, “motivation”, “less inert knowledge”, “scientific approach”. The 

number of teacher students who were willing to use inquiry-based learning approaches 

often increased from 1 (pre-test) to 10 (post-test; N = 15)(Figure 4). 

 

 

Figure 4. Openness to use IBSE approaches (N = 15 teacher students) 

 

Inquiry-based learning in the school projects 

One of our goals was to describe a multi-faceted IBSE approach. We encouraged the 

school teams to plan and develop IBSE activities and school projects - according to the 

specific circumstances of the school classes – open, guided or structured. We showed 

different IBSE hands-on and minds-on activities, mysteries, cartoons and mind maps 

and invited the school teams to choose or to develop the IBSE activities themselves on a 

level of openness they thought to be suitable for their school classes. The composition 

of the IBSE elements “finding a research question”, “setting up hypotheses”, “collecting 

data”, “analyzing data”, “interpretation of evidences”, “connecting with (former) 

knowledge”, “communicating findings”, and “reflection” ranged from 0 (very 

structured) to 3 (guided) to 6 (very open). 

 “I learnt that IBSE activities can be created depending on the skills of the 

school class. Corresponding to the autonomy of the students the IBSE activities 

can be open, guided or completely structured. A combination or gradation is 

also possible. Yet, it is regarded for all gradations that the pupils get new 

insights by researching on their own.” (diary_teacher student_A4) 
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Willingness to reflect on teaching experiences 

Which methods of reflection do you prefer? 

The student teachers were invited to reflect using a research diary, alone or in groups or 

during discussions in the world café. We differentiated between reflection-in-action and 

reflection-on-action. Figure 5 demonstrates the change and increase in the willingness to 

reflect in different ways. 

In general we recognized that the student teachers’ willingness to reflect on the course 

modules and on the teaching experiences increased during the INQUIRE course. We 

found different reflection approaches about IBSE within the research diaries. 

“Furthermore I learned new methods of evaluation. I only knew questionnaires 

and interviews. The use of concept cartoons and concept maps for the evaluation 

of pupils’ concepts were new to me.” (FT_Stud_C1) 

“Also interesting was the „World Café” at the end of every meeting, which was 

a very good opportunity to reflect on the relevant content and to exchange 

impressions of the seminar with the other participants.” (FT_Stud_A5)   

 

 

Figure 5. Willingness to reflect on teaching experiences in the pre-post-test (N=15 

teacher students; multiple answers) 

In conclusion, the teacher students´ interest in self-reflection increased. 14 from 15 

students ticked the box “interested” and “very interested” in self-reflection. This result 

was surprising. We interpreted that the participants were successfully on their way to 

become “reflective practitioners”.  

System level: Success of the “Community of Learners” 

“The communication and the social skills are trained by working in a team.” 

(RD_stud_A7) 

Figure 6 gives an overview on the subjective estimation of success of the Bremen CoL 

(data base on reflections after each meeting; 7-point-Likert-scales; % of agreement of 

very successful and successful). 
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Student teachers, teachers and educators successfully set up joint goals (especially in 

planning the IBSE school projects), focused on IBSE learning using check lists and by 

planning and testing IBSE activities. Student teachers reflected regularly on their 

experiences during the INQUIRE meetings by use of research diary writing. The 

participants understood themselves as learners. The atmosphere during the meetings 

was inspiring and allowed autonomy and self-efficiency of the participants. 

The notices in the research diaries and the interviews showed that the team work had 

been very fruitful: 

 “I would even say, that this was the best working teamwork I did during my 

entire study time. Apart from the successful developed teaching unit and the 

portfolio, we got along with each other very well and that improved the group 

cohesiveness.” (RD_Stud_A7) 

 

 

 

Figure 6. Success of the Community of Learners (7-point-Likert scale “very 

successful”-“not successful”. % of participants who ticked the boxes very successful 

and successful). 

 

CONCLUSIONS  

IBSE was and is a challenge for active teachers as well as for teacher students. 

Therefore, we promoted the establishment of Communities of Learners (CoLs), and we 

used action research methods (research diary writing) to foster reflective learning. 

Action and reflection, exchange and networking in iterative circles should promote a 

process that we called “learning to teach by teaching to learn IBSE”.   
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Professional growth 

The participating student teachers reported an increase of subject knowledge in the field 

of biodiversity, and of methodological knowledge and self-efficiency regarding IBSE. 

The flat hierarchy between student teachers, teachers and educators supported mutual 

learning. The development of an IBSE school project in union promoted the 

Pedagogical Content Knowledge (PCK) of the participating student teachers as well as 

of the active teachers. Scientists, as well as educators at the biological garden, the Green 

School botanika and the Science Center Climate House, were recognized as experts in 

their specific domain. The out-of-school environments offered authentic learning 

environments to discuss the importance of plants, aspects of endangered biodiversity 

and the responsibility of human beings for the natural environment. While promoting 

IBSE we wanted to show “a way of teaching and learning that is as colourful, sparkling 

and fascinating as nature itself”. 

Pupils’ learning 

Within both of the Final INQUIRE Courses, the participating teacher students 

developed 12 IBSE school projects within their school teams. Examples are “Plants in 

winter”, “How to plant a Rhododendron avenue?”, “Why do we need bees?”, “Does the 

increase of allergies have something to do with climate change?”, “Hummingbird seeks 

Bromeliad”, “Expedition to the Mount Kinabalu”, “On a photo-safari at the botanic 

garden”, “Predators of the plant kingdom”, “Are bumblebees able to learn?”. The 

teacher students evaluated the pupils’ learning with pre-post questionnaires (4-point-

Likert scales). The findings show that the IBSE school projects and the specific IBSE 

activities were of great interest and relevance to the pupils (95% score with “very 

interesting”). In nine of the 12 projects we recognized actions of how to overcome plant 

blindness. 

“The interest of the pupils was aroused by the real encounter with living 

plants.” (dairy_teacher student_A3) 

“For me it was especially valuable that the material focuses on a subject of 

socio-cultural importance, which increases the interest of the pupils.” 

(dairy_teacher student_C9) 

Implementation in the teacher education curriculum 

In conclusion, the INQUIRE for Students course was an innovative teacher education 

course, linking pre-service and in-service education, linking science educators and 

scientists, linking school and university. The course had the potential to raise the value 

of authentic learning environments, learning outdoors, in botanic gardens and 

greenhouses and in science centers. 

Based on its success and the satisfaction of the teacher students with the INQUIRE 

Course design, we decided to implement the “INQUIRE for Teacher Student” in the 

Bremen teacher education curriculum. In the future it will be an elective module within 

the master of education program of ongoing biology teachers of the secondary level (6 

Credit points; 180 hours course). In addition it will be part of a module “Environmental 

education” for ongoing primary teachers (3 Credit Points; 90 hours course). 

UniHB is very interested in keeping the contact to the Green Science Center botanica 

and other Science Centers such as the “Zoo by the Sea” in Bremerhaven, who are 
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interested to become partners. We could find school partners, too, and make cooperation 

contracts with headmasters of six secondary schools in Bremer and Lower Saxony. 

These are all very good circumstances for continuing the INQUIRE courses in the 

future. All in all, the European INQUIRE project raised the standards of teacher 

education and promoted the curriculum reform at the University of Bremen. 

 “Summarized I think that the effort for the INQUIRE-project was really worth 

it, because I could gain a lot of new experiences and information from my 

participation.” (dairy_student teacher_C9) 
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AIM: TO PRACTISE SCIENTIFIC METHODS. 
RESULT: PERSONAL DEVELOPMENT. 

 

Jan-Eric Mattsson¹ and Ann Mutvei¹ 
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Abstract: Field work in a teacher training program was focussed on the collection and 
presentation of data showing changes in the environment depending on variable 
factors. The observations should be possible to use as models for studies performed 
by children at school. The instructions were sparse and many of the observations from 
the first visit to the sites were impossible to repeat. The first four observations were 
made during autumn every month while the last was made in late spring sixteen 
months later. After this the students wrote short reflections on their impressions and 
experiences during the last visit compared to the earlier ones. These were analysed in 
order to reveal the impact on the students. Most of the students were very uncertain 
about what to do the first time. Almost none of them complained about this 
afterwards. Many were astonished over their own incapability of understanding or 
declared their lack of understanding general ideas. Many students wrote about strong 
emotions when returning to a familiar site that appeared to have changed and 
described how this created a strong attachment to the site. What was more surprising 
was that some students experienced their own development, in some cases towards 
becoming a teacher but also on a more private or personal level. They not only 
recognized themselves as the inexperienced student from the first visit and what was 
achieved later. They also realized how the relation between themselves and the site 
had a chronological development in accordance with their own development. The 
simple activity of field observations in combination with personal reflection created 
complicated processes beneficial for the student. 

Thus, we achieved and observed unexpected results together with what was expected.  
Keywords: personal development, fieldwork, teacher education 

 
INTRODUCTION 

Teaching is rarely based on creativity rather than distribution of facts although 
knowledge is not merely cumulative but qualitatively transformational (Alters & 
Nelson 2002).  

Learning and personal development are basic processes related to teaching and 
educational institutions. This is obvious for everybody who is working as educator in 
teacher training programs or other kinds of professional schooling, especially for 
those designing new learning situations adapted to new situations.  

At Södertörn University there has been a process of development of courses in 
science within several educational programs since 2002. Theoretical fundamentals of 
this together with important observations, promoted a plan for development of 
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adequate pedagogic activities. This has briefly been described earlier for courses in 
evolutionary biology (Mattsson & Lättman 2004).  

Out of our experiences as teachers of becoming teachers in the current pedagogic 
context we will here discuss some fundamentals of these processes and how they may 
be beneficial for students based on results of the visible learning of teacher students 
during a field course of less than 40 hours duration spread out over a time of about 20 
months. 
 
BACKGROUND 
Within a teacher training program one semester of 20 weeks, was focussed on all 
school subjects with the exception of language and mathematics. The students were 
trained to become teachers in primary school; years 1–6, where they are supposed to 
teach most theoretical subjects. An integrated approach was used all trough the course 
with close connections between the core subject content and didactics as well as 
between the different subjects. The academic teachers participating in this course 
represented biology, chemistry, natural and human geography, history, and religion. 
The course included, in addition to traditional lectures and seminars, one long 
excursion in southern Sweden during one week and several shorter excursions, 
museum visits, laboratory experiments, and field work.  

The aim of fieldwork training for students becoming teachers in primary school is to 
give them useful didactic tools. The knowledge requirements in the Swedish 
curriculum (Skolverket 2010) for grade E, which is the lowest requirement to pass, at 
the end of year 6 includes skills how to  

“carry out simple studies based on given plans and also contribute to formulating 
simple questions and planning which can be systematically developed. In their work, 
pupils use equipment in a safe and basically functional way. Pupils can compare 
their own results with those of others and apply simple reasoning about similarities 
and differences and what these may be related to, and also contribute to making 
proposals that can improve the study.” 

One part of the core content of, e.g., biology includes the methods and ways of 
working in biology including  

”• Simple field studies and experiments. Planning, execution and evaluation.” 

If we look at the aims of science in the curriculum one of them is to  

”• carry out systematic studies in biology/physics/chemistry”.  

These three types of factors have to be considered when planning learning situations 
in the compulsory school as well as in teacher training programs. In this case, based 
on the mentioned knowledge requirements, the core content, and the aims a field 
course for teacher students was designed with a simple structure. The primary 
instructions were: make observations of your own choice on specified sites once every 
month for four months and return 16 months later for final observations, assemble the 
results and write a short reflection of your learning and development during this time. 
Some fifteen students were primarily working together on the same site but usually 
they divided themselves into three subgroups of about five person size. 
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The field work was based on the collection and the presentation of data showing 
changes in the environment depending on variable factors. The observations made by 
the students should be possible to use as models for studies performed by children at 
school. During the field work the students should register observations of their own 
choice and present the results at the end of the course. The instructions given to the 
students were sparse and many of the observations from the first visit to the sites were 
impossible to repeat due to changed weather conditions or because of the 
development of the specimens studied. 

The area was visited and studied at several occasions. The first four observations were 
made from late summer to midwinter every month while the last was made in late 
spring sixteen months after the last previous observation during another course. This 
latter course also had an integrated perspective but with chronologies as the main 
theme, mainly within history but also evolutionary perspectives in biology and 
cosmological perspectives in physics were included. In this context the field study in 
itself was a good example of a short chronology compared to those in the other 
subjects. 

After this last visit the students wrote short personal reflections on their impressions 
regarding their study focussed on experiences during the last visit compared to the 
earlier ones. 

 
THEORETICAL FRAMEWORK 
Teaching shall encourage transformation of the chaos of impressions to personally 
integrated communicable knowledge (Mattsson & Lättman 2004). It may be achieved 
by created disorder resettled to knowledge (Bruner & Postman 1973), was used in 
alphabetisation programs (Freire 1972, 1975) and is augmented by reflective 
relationships in inquiries of the students’ experiences (Doll 1993). Processes and time 
are interrelated and it is not possible to describe a process without time and vice versa 
(Prigogine 1997). Here the chaotic situation was created by the absence of specific 
guidelines or instructions before the first visit to the study site. The students were not 
even introduced to scientific methods, observations, documentation, or what could be 
convenient study objects. 

In order to make this process of transformation from the chaos of impressions to 
personally integrated communicable knowledge, successful reflection is a useful tool 
(Freire 1972). It helps the student to be aware of the gap between where she were at 
the start of the study and were she is now. At the start the level of knowledge 
normally is very low and the goal at the end, personally integrated communicable 
knowledge very distant. The gap between the state of being in the beginning and what 
should be achieved at the end may be diminished by feedback (Ramaprasad 1983). In 
this case we let time run its course between the observations and only participated in a 
presentation of the results of four months observations. A reflection of the students 
after a final visit more than one year later may act as a help for the students to realise 
the closure of the gap by (a) understanding the goal they are aiming at, (b) they can 
compare their actual level of performance with the goal, and (c) understand that they 
have been engaged in actions which have closed the gap. Sadler (1987, p. 121) 
describes this process in active terms and we wanted to test if it was possible to 
achieve similar results by a reflective process.  
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METHODS 
The reflections, from three different classes of students (n=131) from different years, 
were analysed in order to reveal the learning outcome of the field observations and the 
students understanding of systematic observations, repeated data collection, and 
didactic gains.  

The analyses were primarily based on the students own mentioning of the learning 
outcome but we also tried to assess the quality of their reflections. In this case we 
used the four R´s of Doll (1993), richness, recursion, relations, and rigor to assess the 
quality of their reflections. If the reflections had some quality based on these criteria, 
showing understanding of the specific aspects, we regarded this as an understanding 
of and skills in, e. g, how to make observations or use scientific methods. In addition, 
the students’ own use of the four R’s when reflecting, was assessed in order to see if 
they used these criteria although we never had used them earlier in their courses.  

 

RESULT 
The analyses of the written reflections after the last visit to the site of the fieldwork 
training showed that a large part (67%) of the students had increased their knowledge 
of processes in nature, although a lower number showed accurate knowledge about 
how to make observation (55%) or how to use scientific methods (37%). In addition, 
60% of the students could make reflections on, and assessments of, their professional 
development becoming a teacher (Table 1).  

 

Table 1  

The learning outcome of the different aspects of the student’s fieldwork. Percentage of 
students presenting qualified understanding of the different aspects. (Figures refer to 
citations of students in the text.) 

N Observation 
(1) 

Scientific 
method (2) 

Process 
(3) 

Personal 
development (4) 

Professional 
development (5) 

131 55% 37% 67% 27% 60% 

 

We also found, which was more surprising concerning the type of the training, a fairly 
high number (27%) of students experienced development on a more private and 
personal level. They not only recognised themselves as inexperienced at the first visit 
but lights the skills achieved later. They also realised how the relation more or less 
personal relation between themselves and the site gave scientific development in 
accordance with their own development. The simple activity of field observations in 
combination with personal reflection created complicated processes beneficial for the 
student. We also found that some student used the four R’s when they reflected over 
their own experience (Table 2). 
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Table 2.  

Percentage of students using any of the same four criteria for their own reflection as 
those we used for the assessment of their reflections. 

N Richness Recursion Relations Rigor Use of any Use of all four 

131 27% 21% 18% 17% 31% 11% 

 

These results may show that a number of visits to a site of field work during a short 
time (four months) together with a last visit after a long period (more than one year) 
and combined with reflections may cause personal development on many levels. 

The average learning outcome concerning observation, scientific methods and 
processes was shown by a majority of the students (53%). Most also described how 
they had developed professionally. In addition we also found personal development 
(27%) and good quality reflections based on one or more of explicit criteria (31%). 

Here we present a couple of examples of the reflections. The numbers refer to the 
figures of learning outcomes in Table 1. The first is focused on the field work: 

“I realized that it is possible to have subject matter integration in school depending of 
what you observe (1) and the theme for the study. […] At the first visit I didn’t 
understand the aims […] but it was interesting to observe and compare with earlier 
visits to find recognizable patterns (3) or if the observations deviated from the 
expectations (2).”  

The second deals both with the field work and more personal reflections: 

“From the beginning I had a negative attitude and didn’t understand the aims but now 
I have got a better understanding for the use of field studies at school (2, 3). […] 
Especially, I have become more critical to my own teaching activities and draw 
conclusions out of them. I have assessed my learning and the result of excursions with 
students at school. What did work? What did not? How could I do otherwise? (5)” 

Finally we have an example of personal development: 

“Now and then I got a feeling of not being in the same forest or the same mountain 
where I’ve been before. I could not observe the same plants and animals as before. It 
was a cool and funny feeling to experience when I focused on a number of 
observations and compared them over time. After performing these field studies 
several times during different seasons I am aware of my development and have got 
plenty of inspiration. I have learnt enormously by going out in the field and work, 
observe and measure (4).“ 

 
DISCUSSION 
We have analyzed the thoughts of teacher students concerning their own scientific, 
professional and personal development over about 20 months but related to single 
sites with repeated visits.  

The result of the analysis show several interesting observations and reflections of 
impressions. Most of the students had been very uncertain about what to do when they 
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Figure 1. Examples of different types of reflections. 1) Observation, 2) Scientific 
method, 3) Processes, 4) Personal development, and 5) Professional development. 

were at their observation site the first time, although they were accompanied by a 
teacher. Some were extremely distressed and asked for strict directions about what 
they should observe. Almost none of these students complained afterwards of not 
being properly directed. Instead many of them revealed astonishment over their own 
incapability to understand what they should have done from the beginning. Others 
declared their earlier lack of their own understanding of general ideas. For example, 
all observations should be made according to strict protocol, under similar conditions 
like the same hour of the day etc.  

Other examples of reflections are shown in Figure 1. 

 

Some were also surprised over their own inability to predict the consequence of the 
coming winter on the number of song birds or flowers. Most of these experiences 
were similar to those which may be expected when children do similar studies.We had 
predicted some impressions of the impact of returning to a place at a different season. 
Many students wrote about strong emotions when returning to a familiar site which 
now appeared so different. The impression created a strong attachment to the site and 
made some of them feeling being an important part or owner of the site. 

What was more surprising were some students experience of their own development, 
in some cases towards becoming a teacher but also on a more private or personal 
level. They not only recognised themselves as the inexperienced student from the first 
visit and what was achieved later but also how the relation between themselves and 
the site had a chronological development in accordance with their own. Many 
declared a deeper understanding of the mission of the teacher combined with insights 
of what kind of a teacher it was possible to become. Here we can see similarities with 
the processes described by Freire (1970). We can describe this process of 
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transformation from the chaos of impressions at the first visit to personally integrated 
communicable knowledge at the final reflection. The primary event, the first visit to 
the field site without clear instructions, had a similar function as the “situations” used 
in culture circles in Latin America in the 1960ties (Freire 1969). It generated a 
confusion or chaos that later was handled in the group of students and transformed to 
knowledge.  

This study also exemplifies of how it is possible by reflective thinking to visualise the 
process of diminishing the gap between the earlier low levels of knowledge to the 
present achieved goal (cf. Ramaprasad 1983, Sadler 1987). The simple activity of 
field observations in combination with personal reflection created complicated 
processes beneficial for the student, valuable processes usually difficult to create. 

Garet et al. (2001, p. 936) made a point of the importance of focus on duration, 
collective participation and core features rather than type of activity to improve 
professional development of teachers. In our material many of the students stressed 
the importance of collective participation in the field studies both for their own 
development but also to get new ideas how to plan learning situations. 

Sadler (1987) stressed that “the learner has to (a) possess a concept of the standard 
(or goal, or reference level) being aimed for, (b) compare the actual (or current) level 
of performance with the standard, and (c) engage in appropriate action which leads to 
some closure of the gap” […] “between the state of being in the beginning and what 
should be achieved at the end. The focus is there on the importance of feedback to 
reach this goal. Here, in our case, the final reflection reveals the process of learning to 
the student. The learning outcome of this may not be of the same quality as if it is 
properly designed throughout the learning activities but indicates the possibility of 
posterior reflection of made experiences in order to enhance the learning in a longer 
perspective (Freire 1972).  

Thus, we have achieved and observed unexpected results together with what was 
expected. As seen the results show a wide variation in the personal depth of the 
reflection ranging from uncertainty of the aims of the activities to happiness over 
achievement of methodological or theoretical understanding. This was expected but 
what we also found was the development of a deeper understanding of a personal 
development towards becoming a professional teacher often combined with strong 
emotions in relation to the study site usually created during the last visit. 

 

REFERENCES 
Alters, B. J. & Nelson C. E. (2002). Teaching evolution in higher education. 

Evolution, 56, 1891-1901.  
Bruner, J. & Postman, L. J. (1973). On the perception of incongruity: A paradigm. In: 

Anglin, J. (Ed.) Beyond the information given. New York: W.W. Norton.  
Doll, W. E., Jr. (1993). A post-modern perspective on curriculum. New York: Teacher 

College Press.  
Freire, P. (1970). Pedagogy of the oppressed. New York & London: Continuum.  
Freire, P. (1975). Education for critical consciousness. New York & London: 

Continuum.  

Strand 13 Pre-service science teacher education

2416



Garet, M. S., Porter, A.C., Desimone, L., Birman, B.F. & Yoon, K.W. (2001). What 
Makes Professional Development Effective? Results From a National Sample of 
Teachers. American Educational Research Journal, 38, 915-945. 

Mattsson, J.-E. & Lättman, H. (2004). Chaos and order in teaching and research. Acta 
Universitatis Upsaliensis: Symbolae Botanicae Upsalienses, 34:1, 245-255. 

Prigogine, I. (1997). The end of certainty. Time, chaos, and the new laws of nature. 
New York: The Free Press.  

Ramaprasad, A. (1983). On the definition of feedback. Behavioural Science, 28, 4-13. 
Sadler, D.R. (1989). Formative assessments and the design of instructional systems. 

Instructional Sciences, 18, 119-144. 
Skolverket (Swedish National Agency for Education). (2010). Curriculum for the 

compulsory school, preschool class and the recreation centre 2011. Stockholm: 
Skolverket. 

 

Strand 13 Pre-service science teacher education

2417



PHYSICS TEACHER STUDENTS’ PROFESSIONAL 
KNOWLEDGE IN AUSTRIA – 
A COMPARATIVE STUDY OF 

TWO TEACHER TRAINING PROGRAMS 
 

Ingrid Krumphals¹, Josef Riese², Martin Hopf¹  
¹ University of Vienna, Austria 
² University of Paderborn, Germany 
 

Abstract: The discussions about a fundamental redesign of teacher education in 
Austria set the initial point of our study. In our view, these political decisions require 
empirical evidence in order to generate a solid status quo description which could 
form an essential basis for these wide-ranging political decisions. There is no study 
notably for Austria’s secondary teacher education which contributes towards this 
requirement. Within our Austrian-wide survey study we did a first step towards 
closing this gap. Main objective of our study was the investigation of current physics 
teacher education in Austria, particularly its effects on physics teacher students’ 
professional knowledge. Therefore an inventory (Riese, 2009) was used which 
focuses on examining teacher students’ CK (content knowledge), PCK (pedagogical 
content knowledge) and PK (pedagogical knowledge). Furthermore the survey 
includes questions about beliefs and other personality factors. The collected data 
contains 189 physics teacher students of 5 teachers’ colleges (‘Pädagogische 
Hochschule’) and 5 universities, whereas teachers’ college and university represent 
the two existing teacher education programs in Austria. Due to their distinct 
differences in curriculums, the initial focus of data analysis is placed on their 
comparison. In all three professional knowledge domains highly significant 
differences in teacher students’ performance were detected. University students 
achieve better in CK and PCK and students of the teachers’ college hold better results 
in PK. With regard to the diverse curriculum emphases, the results confirm our 
hypotheses. Further evidence for indications of effects of different teacher programs 
on teacher students’ professional knowledge was found. 

Keywords: preservice teacher education, comparative study, professional knowledge 

 
INTRODUCTION 
The purpose for our study was given through discussions about a fundamental 
redesign of future teacher education in Austria. Already written and published expert 
papers (Austrian Federal Ministry for Education, the Arts and Culture, 2011) show the 
determination of politics in implementing a major reform on levels of content, 
academic degree and institutional responsibility. However we think that elaborated 
decisions need a solid knowledge basis of the current situation and potential effects 
which may occur within specific changes. Regarding Austria’s teacher education, 
there is no empirical evidence known which contributes to a clarification of qualities, 
effects and strengths and weaknesses of current teacher education programs for 
secondary level teachers. Our study is a first contribution in clarifying the status quo 
of current teacher education in Austria and its qualities and effects on physics teacher 
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students’ professional knowledge. The study focuses on the in science education 
highlighted professional knowledge domains: Content knowledge (CK), pedagogical 
content knowledge (PCK) and pedagogical knowledge (PK) (Fischer et al., 2012). 

A main characteristic of Austria’s physics teacher education is the two existing 
teacher training programs: The teachers’ college (‘Pädagogische Hochschule’) and the 
university with different curriculum emphasis and separate responsibilities in teacher 
education (for lower secondary level: teachers’ colleges; for lower and higher 
secondary level: university). This leads to the question whether differences in the two 
programs have effects on physics teacher students’ professional knowledge. 
Particularly, with regard to the fact that both teacher education institutions have 
different emphases within their curriculum, our aim was to detect differences in their 
effects on students’ performance in the knowledge domains mentioned above. 

 
THEORETICAL FRAMEWORK 

Teachers’ professional knowledge 
The studies’ theoretical background is based on Weinert’s (2001) concept of 
competence which gives the basis for the characterization of teachers’ professional 
action competence. Therefore competences are seen as individuals’ prerequisites in 
order to successfully meet specific requirements and demands. The structure of these 
demands influences the structure of professional action competence (Weinert, 2001). 
In our study we focus on one aspect of professional action competence namely 
professional knowledge. 

The discussion about teachers’ knowledge was initialized by Shulman (1986, 1987) 
who was the first who emphasized the importance of teachers’ professional 
knowledge and firstly mentioned PCK as a separate essential knowledge domain of 
the teaching profession. Thereby he instigated a big reform in research on the 
knowledge base of teachers. Despite the fact that teachers’ professional knowledge is 
seen as a precondition for successful teaching, there is no consent in research about its 
structure and domains (Abell, 2007). For science education, Fischer, Borowski and 
Tepner (2012) collected a summary of the state of the art of research about teachers’ 
professional knowledge in a handbook article. Against this background, they highlight 
CK, PCK and PK as the main domains of teachers’ professional knowledge (Fischer 
et al., 2012). 

Recently the number of quantitative studies, holding the purpose to investigate 
teachers’ professional knowledge, is increasing. First quantitative studies serving this 
issue were conducted in the area of mathematics didactics (see for example the 
COACTIV - study (Baumert, et al., 2010) followed by MT21 (Blömeke, Kaiser & 
Lehmann, 2008) and TEDS-M (Blömeke, Kaiser & Lehmann, 2010). Researchers in 
physics didactics are closing up with studies like QuIP (Olszewski, Neumann & 
Fischer, 2009), ProwiN (Borowski et al., 2010) and investigations of Riese (2009). 
Nevertheless, researchers still have not found a mutual consent in clarification of the 
fundamental structure of professional knowledge as well as answering the question:  
‘How does professional knowledge connect with successful and high-quality 
teaching?’ 

Since Shulman (1986), numerous researchers have dealt with clarification and 
differentiation of teachers’ professional knowledge domains. A lot of research was 
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done and more and more sub-aspects arose which should be in focus of teachers’ 
professional knowledge research. Depending on researchers’ emphases, they decided 
to operationalize their concepts according to their research objectives. As a result very 
similar concepts were created while their main core and roots mostly go back to 
Shulmans ‘first draft’. 

Beginning with the non-subject specific domain – PK: Krauss et al. (2008) consider it 
as a declarative knowledge as well as a procedural knowledge to provide an 
encouraging learning environment which supports students’ learning progression in 
the best way. Furthermore, PK is seen as general precondition for valuable instruction 
(Fischer et al., 2012). 

The two subject specific professional knowledge domains, CK and PCK, are in major 
discussion in physics didactics research about teachers’ professional knowledge. 

CK is obviously a domain specific knowledge. Within the COACTIV study (Kunter 
et al., 2011), researchers define content knowledge as a deeper understanding of 
content taught within the school curriculum. Although so far one main research issue 
is to clarify how deep teachers’ content knowledge has to be meet the requirements of 
effective teaching. 

Widening the view onto teaching and learning certain content, PCK comes into play. 
PCK is qualified as needed knowledge to create appropriate learning opportunities for 
successful learning (Fischer et al., 2012). Results of the COACTIV study showed that 
teachers‘ distinct PCK positively influences students‘ achievements. Furthermore 
evidence was found that CK plays an important role as to be a basis for the 
development of PCK (Baumert et al., 2010). So far, researchers’ conclusion is that 
CK forms a necessary but insufficient precondition for PCK (see e.g. Neuweg, 2011, 
Fischer et al., 2012). Up to this point, research seems to be in its early stage. Models 
for describing the complex term of teachers’ professional knowledge are as strongly 
needed as models illuminating the correlation of CK, PCK and PK as well as its 
effects on student learning outcomes and further effects on science teacher education 
(Fischer et al., 2012). 

Hence, teachers’ professional knowledge is still a multifaceted topic in research. Until 
now, it is not clear to which extent the three knowledge domains can be developed in 
teacher training programs. Thus, our study contributes to clarify the general effects of 
two different teacher training programs in Austria on CK, PCK and PK. 

Teacher education in Austria 
In order to give a solid basis for the interpretation of our results, it is necessary to give 
an overview of the Austrian teacher education system. 

In Austria there are two different institutions which are responsible for teacher 
education: The teachers’ college (‘Pädagogische Hochschule’) and the university. 
Teachers’ colleges’ responsibility comprises teacher education for compulsory 
schools – primary schools (1st to 4th grade) and lower secondary schools (5th to 8th 
grade). Education at teachers’ college is finished with a bachelors’ degree after three 
years. The graduates directly start teaching in schools afterwards. 

For becoming a teacher for lower and upper secondary level – teaching at a 
‘gymnasium’ or ‘vocational school’, where students finish with an A-Level (5th – 
12th/13th grade) – a university study of at least 9 semesters duration has to be done. 
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The studies will be finished with a masters’ degree and one year of internship 
(teaching practice at school and several additional courses) has to be done. 

Aside from teachers’ colleges’ and universities’ target group, the both existing teacher 
training institutions mainly differ in their studies’ focus on content. Teachers’ college 
emphasizes on pedagogy and teaching experience during short internships, while 
university focuses on subject and didactics. Consequently in Austria there are two 
entirely differently educated cohorts of teachers teaching the same age level (5th – 8th 
grade). Furthermore, the two teacher training institutions differ in the academic 
qualifications of their educators. While, at university, most teacher training courses 
are hold by professors and university assistants, at teachers’ college main 
apprenticeship is realized by school teachers. 

There is no study in Austria known so far which investigates teacher education for 
secondary level and its effects. Just one quantitative study concerning primary teacher 
education and its effects on professional knowledge is known: An investigation of 
teachers’ college students’ PK was done by König and Blömeke (2009). They showed 
an increase of teacher students’ PK within their studies’ progression. 

Research methods and research design 
There is a lack of quantitative studies in Austria covering physics teacher education. 
Our study’s primary aim was to generate data for a status quo analysis of the two 
different teacher education programs in Austria. We focused on the comparison of the 
three professional knowledge domains CK, PCK and PK of physics teacher students 
that do theirs studies at teachers’ colleges and universities. To address this need, a 
study investigating physics teacher students’ professional knowledge was conducted. 
Therefore a recently developed standardized inventory (Riese & Reinhold, 2010; 
Riese, 2009) was used. The survey contains performance tests in CK, PCK, PK and an 
additional test battery covering beliefs, attitudes and personality factors. The 
performance tests comprise multiple choice items as well as open questions. Due to 
the fact that it is not possible to assess ones whole content knowledge in physics, the 
CK test is restricted to the area of mechanics. This content focus was chosen due to 
the fact that content knowledge in mechanics seems to be a good predictor for content 
knowledge in physics (Friege & Lind, 2004). For more information about validation, 
parameters and construction of the survey see Riese and Reinhold (2010). In this 
paper we discuss the following research questions: 

• How do Austrian physics teacher students’ perform in the domains of CK, 
PCK and PK? 

• Which differences can be detected comparing physics teacher students’ of the 
teachers’ colleges and the universities? 

All in all, 189 physics teacher students of five universities and five teachers’ colleges 
took part in our study. In order to avoid a positive selection bias, the students were 
asked to fill in the 90 minutes questionnaire during one of their courses. Our sample 
covers all universities and almost half of the teachers’ colleges, including the major 
ones, which offer physics teacher education in Austria. Additionally, we tried to 
generate a cross-sectional study with a broad distribution within the studies 
progression of the participants. Furthermore we derived data from at least one whole 
academic year of students of every participating institution. Thus, data was generated 
which could be seen as a fairly representative sample of Austria’s physics teacher 
education. 
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RESULTS 
First of all we will look at main differences in the professional knowledge domains of 
the cohorts of the two teacher training institutions. Afterwards we present our results 
concerning teacher students’ professional knowledge. 

Concerning demographical aspects, we found substantial differences between students 
of teachers’ colleges and universities within our analysis using t-tests and Chi2-tests 
(see table 1). 

Due to their studies duration, university students are in higher semesters within their 
studies than teachers’ college students. Taking their destined studies duration within 
the curriculum into account, the surveyed students at university stand in the middle of 
their studies while teachers college students already are in the second half of their 
studies. So, relatively spoken, teachers’ college students have progressed further in 
their studies than university students. Moreover, in our sample we observe that the 
mean age of students of teachers’ colleges is higher than that of university students. 
This gives a hint that students at the teachers’ college may pass these courses in kind 
of a second-chance education or as additional education. Further differences exist in 
the amount of attended physics lessons at school and doing the A-Level exam in 
physics at high school. Here university students show greater extent in their previous 
attended physics education than students from the teachers’ college. As a result of the 
curriculum emphases of the two institutions, we found that the amount of attended 
subject specific courses (p < .001), physics didactics courses (p < .01) and pedagogy 
courses (p < .001) differs on a highly significant level. 

 

Table 1 

Demographical differences between teachers’ college and university cohorts. 

 

Strand 13 Pre-service science teacher education

2422



With respect to professional knowledge, we detected highly significant differences of 
the two teacher education programs in all three professional knowledge domains 
(shown in figure 1). 

 
Figure 1. Performance of physics teacher students studying at teachers‘ colleges resp. 
universities in CK, PCK and PK. 
 

In PK, students of teachers’ colleges perform significantly better than university 
students. Conversely university students show better results in CK and PCK than their 
colleagues from the teachers’ colleges. 

First further analysis, in order to identify indicators for these differences, show hints 
that differences in CK could not be explained through main predictors like previous 
attended physics education, the amount of learning opportunities during the studies 
and gender. Addressing these findings, deeper analysis is currently continuing. 

Furthermore our data shows that learning opportunities in physics (measured in hours 
of successfully completed subject specific physics courses) seems to be the main 
predictor for CK, but this is not true for PCK because learning opportunities in 
physics didactics could not be detected as significant predictor for PCK.  

Before presenting the next results, it has to be mentioned that we could not make 
profound conclusions about the real development of the professional knowledge due 
to the fact that we just did a quasi-longitudinal study. 

Hence employing a comparison of beginners and advanced students, we detected no 
significant effects of studies duration on the improvement in PK, PCK and CK at 
teachers’ college. For university, an improvement concerning the amount of 
professional knowledge only can be seen in the domain of CK (p < .05). This result 
puts the impact of Austria’s education on professional knowledge into question, 
particularly the content taught within the scope of teacher education. 

 

Performance of Austrian physics teacher students in CK, PCK and PK 
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DISCUSSION AND CONCLUSION 
The study revealed big differences of students’ professional knowledge joining two 
different teacher training programs in Austria. In other words, different institutions 
and/or curriculums show diverse effects on the development of teachers’ professional 
knowledge. The huge distinction in CK is seen as a distressing fact. Referring to Abell 
(2007), who sees CK as a precondition for PCK and to the results of the COACTIV 
study (Baumert et al., 2010), where distinct PCK has positive effects on pupils’ 
learning outcomes, CK should get more attention at the teachers’ college in Austria 
than it is given now. 

Within the COACTIV study it was found that teacher training programs which lower 
their subject specific training bring negative effects on PCK along (Baumert et al., 
2010). Accordingly our study underpins this evidence. Moreover in his study about 
German physics teacher students’ professional knowledge, Riese (2010) detected the 
need of optimization in subject specific education. Based on our results we would 
give the same recommendation for Austrian physics teacher education. 

Our data also shows differences between the two compared cohorts in their 
demographical aspects. Mainly they differ in their prior education in physics, where 
university students attended a more focused physics education than teachers’ college 
students. However, our data shows first hints that through controlling main variables 
it is not possible to clarify the differences in CK. Addressing this unsolved problem, 
another explanatory approach could perhaps be given through the variable of 
cognitive ability. Due to the fact of the fixed survey duration we did not evaluate the 
participants’ cognitive abilities. Furthermore, in Austria a summative grade at the end 
of school education, which could be used to get a hint about someone’s cognitive 
ability, is missing. So it is possible that the cohort of students at the teachers college 
has less developed cognitive abilities than the university students.  

Moreover, our results may lead to the assumption that physics didactics courses in 
Austria seem to play a minor role in fostering PCK as measured by the test 
instrument. At this point we have to remark that this result might occur due to the fact 
that the German inventory is possibly not showing truly satisfaction concerning 
curriculum validity for Austria. As a consequence the operationalization of especially 
the professional knowledge domain PCK has a limited appropriateness for physics 
teacher students in Austria. Above all, the inventory was developed against the 
background of assessing knowledge which future physics teachers should have. Due 
to that, physics teacher students in Austria should reveal the assessed knowledge. 

Despite the consideration of possible distorting effects due to the mentioned 
unsatisfying curriculum validity, our results show evidence of missing standards in 
physics didactics education in Austria since the variable ‘physics didactics learning 
opportunities’ is no predictor for PCK. Accordingly we highly recommend an 
implementation of standards in teacher education. 

Above all, the analysis of the data which was collected with the applied inventory just 
gives us a glimpse into physics teacher students’ professional knowledge in Austria. 
Further quantitative and qualitative studies are needed to get a deeper insight into 
learning processes within the two different teacher education programs. However, 
within the political discussion about the redesign of teacher education in Austria, 
particularly our results contribute to a stimulating discussion about curriculums and 
institutional responsibility. 
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DEVELOPMENT OF PRE-SERVICE TEACHERS‘ 
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GRADUATE COURSE “INTEGRATED SCIENCE” 
 

Claus Bolte¹, Vincent Schneider¹ and Anke Schürmann¹ 
¹ Freie Universität Berlin, Department of Chemistry Education, Berlin, Germany 
 

Abstract: In accordance to Ajzen attitudes influence behavior. Therefore, the behavior 
of teachers should be influenced by their profession-oriented attitudes. In the 
framework of the evaluation of the newly implemented university course “Integrated 
Science” at Freie Universität Berlin we investigate the profession-oriented attitude 
development of pre-service teachers by means of Hall and Hord’s “Stages of 
Concern” model. To get an insight into profession-oriented attitudes of the pre-service 
teachers and their development, we adapted a SoC questionnaire focusing on IBSE 
and the school subject “Integrated Science”. Our investigation is based on a 
treatment-control-group-design with two occasions of measurement. For the treatment 
and control group two cohorts of pre-service teachers are observed. Presently, records 
of the first cohorts from two occasions of measurement as well as two data collections 
from the second cohorts are available. On the bases of all participants (N=259) we 
analyzed the reliability coefficients of the seven SoC scales; Cronbach’s alpha for the 
adapted SoC scales varies between .74 and .87. For the analyses of the SoC profiles, 
only the data from those students were considered, who participated in both data 
collections. Our analyses show that the treatment group resembles the “M-profile” at 
both occasions of measurement. The M-profile was already identified in other studies 
and describes persons showing this profile as “cooperators”. The profiles of the 
control group are significantly different in comparison to the treatment group and can 
be labeled as “non-user” profiles. Comparing the SoC profiles, the attitude of the 
treatment group towards integrated science education is much more positive and 
open-minded. Taking our results into account, we can summarize that the learning 
environment in the university training courses “Integrated Science” promoted a 
positive change of the profession-oriented attitude of those students who participated 
in these courses. 

Keywords: pre-service teacher education, attitude, stages of concern, integrated 
science  
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INTRODUCTION  

Since the implementation of the ‘new subject’ “Integrated Science“ for 5th and 6th 
graders in 2004, lessons of Integrated Science have become obligatory in German 
schools.1 However, not enough further training programs for primary school teachers 
and training courses in teacher education were offered to prepare the teachers for the 
task of teaching this subject (Bolte & Streller, 2007).  

Freie Universität Berlin (FUB) faced this challenge by offering training courses for 
in-service teachers and by developing a curriculum for the education of pre-service 
teachers (Bolte & Ramseger, 2012). This graduate course program for pre-service 
teachers has been offered since the winter semester of 2011/12 and the initiators 
agreed to evaluate its implementation. 

Starting point for the accompanying research by the working group of the Department 
of Chemistry Education was the field of enhancing profession-oriented attitudes of 
students considering the realization of “Integrated Science Education“.  

 

THEORETICAL FRAMEWORK 

For our evaluation we consider two theoretical concepts, namely the “Theory of 
Planned Behavior” (Ajzen, 1991) and the “Concern-Based Adoption Model” (Hall & 
Hord, 2011). 

According to the “Theory of Planned Behavior” (TBP) (Ajzen, 1991), attitudes 
influence behavior. Therefore, the behavior of teachers should be influenced by their 
profession-oriented attitudes, e.g. their attitudes concerning the teaching of the subject 
“Integrated Science”. Following Ajzen’s (1991) point of view, the more positive and 
open-minded a teacher’s attitude is, e.g. towards teaching this subject, the more likely 
a teacher is going to perform Integrated Science – this is what makes an analysis of 
profession-oriented attitudes interesting and worthwhile. Considering the evaluation 
of the newly implemented university course “Integrated Science” for future teachers 
at FUB, the necessity of research about profession-oriented attitude development of 
students in this course seems self-evident.  

To gain deeper insights into changes of pre-service teachers’ attitudes and concerns 
regarding “Integrated Science”, we do not only refer to Ajzen´s TBP but also to the 
“Concern-Based Adoption Model” (CBAM) by Hall and Hord (2011), especially to 
their “Stages of Concern (SoC) Model” (see Figure 1) and the SoC questionnaire 
(Hall & Hord, 2011).To reconstruct profession-oriented attitudes of teacher trainees – 
in our case about the teaching of Integrated Science – we use Hall and Hord’s (2011) 
model of the “Stages of Concern” (SoC) as well as a questionnaire based on this 
model (Hall  & Hord, 2011; Pant et al., 2008). This is due to the fact that the SoC 
model holds out the prospect of analyzing pre-service teachers’ attitudes and concerns 
about Integrated Science education and of illustrating developments and changes of 
attitudes. According to the SoC model (Hall & Hord, 2011, Fuller, 1969):, (pre-
service) teachers pass through seven “Stages of Concern” in the course of 
implementing innovations (see Figure 1)  

                                                            
1  In Germany, the subject “Science” did not exist until 2004. Science teaching in German secondary 
schools takes place through subjects like biology, chemistry or physics. Therefore the implementation 
of the subject “Science” can be regarded as an innovation. 
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Figure 1. Stages of Concern model according to Fuller (1969),  Hall and Hord (2011). 

Using this model, specific “attitude profiles” can be analyzed (Bitan-Friedlander, 
Dreyfus & Milgrom, 2004). These SoC profiles are labeled, e.g. as the SoC profile of 
“cooperator”, the SoC profile of “opponent” or the SoC profile of “non-user” (Bitan-
Friedlander et al., 2004; Hall & Hord, 2011). 

Determining the SoC profiles of the students who chose the course “Integrated 
Science” at various points of time provides information about their profession-
oriented attitudes. Moreover, the development of these professional attitudes in the 
course of their studies can be analyzed (Hall & Hord, 2011). 

To get a normative point of reference for the interpretation of our findings, we will 
include teacher students of primary school education who chose another subject (for 
example history, music or art, but not “Integrated Science”) in our investigation. This 
sample of students serves as the control group. All in all, our research question is: 

What kind of SoC profiles do students of the study course “Integrated Science” and 
those in the control group show and what kind of changes do occur to these profiles in 
the course of their study?  

 

METHOD 

To get an insight into profession-oriented attitudes, we adapt a German SoC 
questionnaire (Schneider & Bolte, 2011, following Pant, Vock, Pöhlmann & Köller, 
2008 as well as Hall & Hord, 2011). An adaption was necessary because the SoC 
questionnaires of Pant et al. (2008) and Hall and Hord (2011) neither focused on pre-
service teachers nor on Integrated Science. Therefore, our adapted SoC questionnaire 
version focuses on future primary-school teachers and on the new school subject 
“Integrated Science”.  

As suggested by Hall and Hord (2011), each item of the SoC questionnaire is assigned 
to a seven point rating scale (from 1 “Not true of me now” up to 7 “Very true of me 
now”; moreover, students also have the possibility to tick the option 0: “Currently not 
relevant”). To test whether the adaption leads to reliable scales, we also calculate the 
statistic parameters of the SoC scales using reliability analyses. For this purpose we 
also collect data in the frame of a pilot study and compare our results to findings of 
the study of Pant et al. (2008). 
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For our investigation, we administered this questionnaire to pre-service teachers of the 
treatment group and of the control group in a pre-post test. In addition to the pre-post 
data collections two test groups of students are planned to be investigated. The 1st 
group consists of students who started their studies in the winter semester 2011/12 
and the 2nd group in the winter semester 2012/13. The pre data collection is set at the 
beginning of their graduate studies (October 2012 for the 1st and October 2013 for the 
2nd group). The post-data collection is planned for the second semester of their 
graduate studies (July 2012 and July 2013). Regarding our research question (see 
above) we formulate the following hypotheses2: 

H1:  There is no statistically significant difference between the SoC data of the 
treatment group and the SoC data of the control group in the pre tests. 

H2:  Considering the treatment group, no statistically significant differences can 
 be determined for the changes of the SoC scales.  

H3:  Considering the control group, no statistically significant differences can be 
determined for the changes of the SoC scales. 

H4:  There is no statistically significant difference between the SoC data of the 
treatment group and the SoC profile of the control group in the post test. 

To answer the research question we only consider in our statistical analyses the data 
of participants who took part in both investigations. To get the SoC profiles of both 
investigated groups, we first start with the calculation of mean scores of each SoC 
scale (according to Pant et al., 2008). Then we test each SoC scale to see whether the 
data of the two treatment groups on the one hand and the two control groups on the 
other hand show statistically significant differences in the pre tests. In case if the data 
a) of the treatment group and b) of the control group are not significantly different in 
the pre tests, the data of the two treatment groups or the data the two control groups 
will be taken together and evaluated as one set. If the data sets of the two treatment 
groups or the two control groups are statistically different, each group will be 
analyzed separately. 

Then we will illustrate the SoC profiles of the treatment as well as the control group at 
both times of measurement in a line plot as recommended by Hall and Hord (2011).  

To check our hypotheses, we first use the Kolmogorov-Smirnov test to analyze 
whether the data of the treatment and the control group is normally distributed in the 
pre-post tests. If the data of both groups is normally distributed, the multivariate test 
procedure (MANOVA) is used to verify whether differences between the profiles 
occur. Then we conduct a t-test for independent samples (regarding H1 and H4) as 
well as a t-test for dependent samples (regarding H2 and H3) to find out whether 
differences between the SoC scales are statistically significant (p<.05). In the case of 
not normally distributed data, we are going to use the Mann-Whitney-U test and the 
Wilcoxon test following analyses recommendations for such cases (Eid et al., 2011).  

 

 

                                                            
2 The hypotheses are formulated as null hypotheses. 
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FINDINGS 

All in all, data of 259 pre-service science teachers (115 belonged to the control group, 
53 to the treatment group and 91 to a group of a pilot study) was collected at the pre 
tests. For the reliability analyses we use the data of the 259 pre-service teachers and 
refer to four items per scale. The calculated Cronbach’s α is illustrated in table 1 and 
compared to the results of Pant et al. (2008). 

Table 1 

Cronbach's α of the SoC scales 

SoC-Scale SoC A SoC B SoC C SoC D SoC E SoC F SoC G 

Schneider et al., 2013 
(N = 259) 

0.83 0.87 0.79 0.78 0.76 0.74 0.85 

Pant et. al., 2008 
(N = 1123) 

0.76 0.68 0.75 0.7 0.71 0.71 0.63 

 

The Cronbach's α values of the SoC scales range from .74 to .87. With these results 
we are now able to focus on the statistical analysis with respect to our sample and our 
four hypotheses which we formulated before.  

As described above we only take into account the data of participants who took part in 
both the pre and post data collection.  

The data of the two treatment groups and of the two control groups show that there 
are no statistically significant differences on the one hand between the two treatment 
groups in the pre-test and on the other hand between the two control groups in the pre-
test. Following these results of our analyses, we are able to merge the first and second 
treatment groups into one group, and the first and second control groups into one 
group as well. Table 2 provides an overview of the merged sample that is considered 
in our statistical analyses.  

Table 2 

Sample of the investigation for the statistical analyses 

 Treatment group Control group Total

 N N N 

pre 

 

38 

 

76 

 

114 

post 38 76 114 

 

Strand 13 Pre-service science teacher education

2431



Figure 2 shows the SoC profiles of the merged treatment group (N=38) and the 
merged control group (N=76) in the pre-post test analyses.  

Figure 2. SoC profiles of the treatment group (left) and the control group (right) in the  
pre and post tests; SoC A “Unconcerned” 3, SoC B “Informational”, SoC C 
“Personal”, SoC D “Management”, SoC E “Consequence”, SoC F “Collaboration” 
and SoC G “Refocusing” (Status: September 2013). 
 

The data of the control and the treatment group are normally distributed for each SoC 
scale. Therefore, the t-test can be used to calculate statistically significant mean 
differences. First, we focus on the results of the pre-post tests.  

According to the collected data, the treatment group shows a so called ‘M-profile’ in 
the pre and post test (Bitan-Friedlander et al., 2004), which does not show statistically 
significant differences on a multivariat level. However, statistically significant 
differences can be detected for the SoC scales B and G (p<.05). This implies that 
students of the treatment group feel better informed about Integrated Science in the 
post test (t=2.644, d=.43). Moreover, possibilities of improvement are more strongly 
on their mind (t=-2.507, d=.41). 

Considering the control group the profile of a “non user” can be identified in the pre 
and post test. Moreover, statistically significant changes cannot be found on a 
multivariate nor on a univariate level of analysis.  

In contrast to these findings statistically significant differences occur for the 
interspecific comparison of the treatment and the control group in the pre test (Pillai-
Spur = .634***) as well as in the post test (Pillai-Spur = .632***). The results on a 
univariate level are summarized in table 3. 

                                                            
3
 Please note: A high value on the  SoC-scale A “Unconcerned” means, that the test persons’ awareness 

about Integrated Science is on a low level.  
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Table 3 

Comparison of the treatment group and control group in a cross-section for the pre 
and the post test analyses; M=mean, SD=standard deviation, t=t value; p=p value, 
d=Cohens d; *p<.05; **p<.01; ***p<.001. 

 

 Pre tests  Post tests 

 treatment group 
(N=38) 

control group 
(N=76) 

 treatment group 
(N=38) 

control group 
(N=76) 

SoC 
A 

M 1.54 4.86 

 

1.57 4.97 

SD 1.47 1.22 1.42 1.30 

t -12.77 -12.77 

p *** *** 

d 2.82 2.82 

SoC 
B 

M 5.69 3.05 

 

5.18 1.27 

SD .91 1.98 3.02 1.99 

t 9.73 7.03 

p *** *** 

d 2.15 1.55 

SoC 
C 

M 3.81 2.68 

 

3.71 2.83 

SD 1.87 1.94 1.99 1.96 

t 2.97 2.26 

p ** * 

d 0.66 .50 

SoC 
D 

M 2.54 1.93 

 

2.59 2.43 

SD 1.66 1.85 1.69 2.16 

t 1.72 .39 

p - - 

d - - 

SoC 
E 

M 5.54 3.98 

 

5.51 3.53 

SD 1.11 1.68 1.27 1.93 

t 5.92 6.55 

p *** *** 

d 1.31 1.45 

SoC 
F 

M 4.43 2.16 

 

4.77 2.21 

SD 1.65 1.63 1.74 1.61 

t 6.97 7.77 

p *** *** 

d 1.54 1.72 

SoC 
G 

M 3.44 1.17 

 

4.14 1.48 

SD 2.09 1.27 1.87 1.42 

t 6.14 7.75 

p *** *** 

d 1.36 1.71 
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DISCUSSION 

First of all, we were able to show that the adapted SoC questionnaire for analyzing 
pre-service teachers’ attitudes and concerns regarding the implementation of Inte-
grated Science in school practice provides similar psychometric features compared to 
other studies (see Table 1). Therefore the questionnaire version we developed offers 
good possibilities to gain insights into the pre-service teachers´ professional attitudes 
and concerns about the implementation of Integrated Science in general. Moreover, 
the adapted SoC questionnaire provides the opportunity to analyze changes regarding 
the development of professional attitudes and concerns which – in our case – are 
caused by a specific continuous professional development program at university. 

Regarding our treatment study, the figure of the SoC profiles for the treatment group 
resembles the “M-profile” in the pre and post test. These M-profiles were already 
identified in other studies (e.g. Bitan-Friedlander et al., 2003; Pant et al., 2008). 
People with this form of SoC profile are described as “cooperators”. A closer look 
shows a ‘positive’ development of the pre-service teachers’ professional attitudes and 
concerns about the implementation of Integrated Science. This means that in the post 
test the students of the treatment group had gained experience about the subject 
“Integrated Science”, had less information needs (SoC B) but were increasingly 
willing to cooperate with others (SoC F) to improve their knowledge and professional 
competences. The change of scale SoC G (“refocusing”) shows that students of the 
treatment group acquired more knowledge about how the teaching of Integrated 
Science could be optimized. 

A look at the SoC profiles of the control group shows that this profile does not 
resemble the typical “cooperator” profile. Furthermore, the profile of the control 
group is significantly different from the one of the treatment group. According to Hall 
and Hord (2011) the profile of the control group in the pre and post tests can be 
labeled as "non user" profile. Students with such a profile are very probably not going 
to make use of this approach when they have to teach Integrated Science in school. 

Comparing both SoC profiles of the treatment group and control group the 
professional attitude of the treatment group towards Integrated Science Education is 
much more positive and open-minded about this teaching approach than the control 
group’s attitude at both times of measurement. Regarding the treatment group, the 
mean value of SoC A is significantly lower than the mean value of the control group. 
We conclude from these findings that  the treatment group is more aware of teaching 
Integrated Science. The concerns about the impacts on learners (SoC E) and the 
willingness to cooperate (SoC F) are also significantly more positive in the treatment 
group than in the control group.  

Taking these results into account, we discovered that students who choose the subject 
Integrated Science as a study course at university are much more open minded and 
positive about this approach already at the beginning of the course. In the broadest 
sense this shows that the choice of the study course predetermines the professional 
attitudes of the students. Beside this, it is worth mentioning that, according to our 
results, the control group, which also has to teach Integrated Science in the context of 
“General Science” at primary school (GDCh, 2005), focuses not so much on 
Integrated Science Education. Keeping this in mind, the general educational courses 
for these pre-service teachers (who have not choose Integrated Science) should focus 
more on how to teach Integrated Science.  
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OUTLOOK 

However, with respect to the Theory of Planned Behavior (Ajzen, 1991), we are 
aware of the fact that we can only speak of a high probability that the participants will 
implement Integrated Science in their future school practice, because professional 
attitudes and the realization of a specific behavior do not necessarily coincide. 
Therefore, we will in further investigations analyze to what extent our pre-service 
teachers actually implement Integrated Science in their future science lessons. We 
have started this in particular by offering these students the opportunity to teach 
science in the frame of practical trainee courses within their graduate program.  
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DETECTING THE IMPLICATIONS OF USING 
RESEARCH RESULTS TO GUIDE A TEACHING 

PROCESS IN THE CLASS ON TEACHING SCIENCE 
 
Alba Castelltort1, Conxita Márquez1 and Neus Sanmartí1  
1 Universitat Autònoma de Barcelona  
 
Abstract: An educational experience was carried out within the framework of the 
Bachelor’s in Primary Education at the Universitat Autònoma de Barcelona (UAB). The 
experience integrated prior research results on the water cycle carried out in primary 
schools into the training teacher process. The purpose was twofold: firstly, to promote 
learning in prospective teachers, and secondly, to gather data related to their difficulties 
and the school experiences which have been most useful in building the water cycle 
model. This study is part of a study in water-related educational experiences in primary 
schools. The results show that the innovation has been useful in building the water cycle 
model and promoting meta-reflection on the learning process with regard to future 
teaching. 

Keywords: Teacher training, water cycle, assessment activities, meta-reflection 

 

BACKGROUND AND FRAMEWORK 

This research started with a case study of water-related educational experiences in 
primary schools in Barcelona (2011-2012). The results of that research show that 
primary students have limited knowledge about the urban water cycle. That result 
motivated us to start this research with students in the Bachelor’s degree in Primary 
Education. We wanted to identify these students’ prior ideas on the water cycle and, 
depending on the results, to design a teaching sequence to improve their understanding. 

This educational experience took place within the class on Teaching Science in 
academic year 2012-2013. This class was taught to 60 students in their third year of the 
Bachelor’s degree in Primary Education. The results of diagnosis of the Bachelor’s and 
primary students’ knowledge of the urban and natural water cycle were integrated into 
this sequence to guide the teaching process.  

The "cycle" model is a kind of content which is developed within the class as a way of 
thinking, seeing and organising many types of changes. It permits the regularities and 
laws governing these changes to be displayed and allows predictions to be made 
(Marquez et al., 2006). This content is taught through examples related to the materials 
cycle (rocks, water, carbon, etc.), the biological cycle and the astronomic cycle. To 
carry out this research, the urban water cycle was also introduced within the content on 
the water cycle.  
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Rationale and Purpose 
Science Education (SE) stresses the importance of improved adaptation to students’ 
interests and social problems. Lemke (2006) suggests proposals for this and highlights 
the environmental crisis as one of the priority areas to address: “Changes are needed in 
the fundamental understanding and attitudes about the relationship of our species with 
the rest of the planet's ecology; science education must refocus its priorities in this 
direction.” In the field of Education for Sustainability (ES), other researchers (Gayford, 
2002; Littledyke, 2008; Sauvé, 2010) also highlight the benefits of developing 
educational processes that integrate SE and ES. In addition, Science Education can and 
should play a role in providing analytical tools which assist informed decision-making 
(Sanmartí, Burgoa, & Nuño, 2011). 

This research began by identifying knowledge of the water cycle because we believe 
that knowledge is a necessary condition in order to promote the ability to act, even 
though we know knowledge alone is not sufficient. 

Although a lot of research has been done on students’ thinking about the natural water 
cycle (Bar, 1989; Taiwo et al., 1999; Shepardson, 2009), there is little research into the 
urban water cycle (Gunckel et al., 2012). Human intervention in natural systems has 
altered the water cycle in numerous ways. It is important for students to be aware of the 
key differences between the natural and urban water cycle. This was one of the purposes 
of the research carried out with primary school students. 

In addition to the recent literature, our curriculum framework also reflects the 
importance of addressing social and environmental issues in primary education. 
However, this is not enough to promote changes in teaching practices that achieve 
effective learning on the water cycle from a both scientific and environmental 
perspective. As Simonneaux and Simonneaux say (2012), the practice of teaching 
content depends on teachers’ knowledge, epistemological assumptions and educational 
strategy. 

Furthermore, within research in the field of teacher training, it is well-known that the 
experiences that teachers had as students has a strong influence on their teaching 
practice (Gil et al., 2000). This becomes an obstacle for change, and overcoming it is 
not easy. The literature also reveals that it is not enough to just produce new educational 
materials, offer more training courses or present research results to in-service teachers 
to promote changes in their practice. Instead, considering the influence of pre-service 
experience on current practice is highlighted as necessary. Buck (2009) suggests giving 
more importance to formative assessment and effective feedback on teaching practice. 

For that reason, the class on Teaching Science tries to offer training models consistent 
with the type of scientific education that we seek to promote in primary schools. This 
research was designed within this context. Taking as a reference the work by Márquez 
et al. (2006) on natural water circulation, the urban water cycle perspective has been 
incorporated into the teaching sequence designed to promote self-regulation and 
learning (Sanmartí, 2007). 
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The objectives of this research are: 

1. To analyze changes in participants’ understanding of the water cycle when the 
research results are integrated into the class on Teaching Science. 

2. To detect what implications emerged through a reflection on a learning process 
that includes the research results. 

 

METHOD 
To guide the teaching process, different activities (Figure 1) were scheduled. Data were 
collected at the beginning, middle and at the end of the process using different tools.  

Figure 1: Sequence of activities, data collection and data analysis process 
  
In the first session (step 1 of Figure 1), pre-service students did an individual activity to 
identify their prior ideas about the natural and urban water cycle (Figure 2). All results 
were collected in order to analyze their representations of the urban water cycle. The 
results provided an accurate understanding of students’ prior ideas on the water cycle 
and were used to guide the teaching process in the next session.  

Figure 2: Students’ initial representation of the water and urban water cycle  
 

In the second session (step 2 of Figure 1), the students watched a film on the urban 
water cycle and later co-evaluated their output on the urban water cycle using an 
evaluation criteria tool. After this activity, the researchers gave feedback on the results 

STEP 1: To diagnose students’ 
knowledge of the water cycle 
 
Session 1: To identify pre-service 
teachers’ previous ideas of the 
natural and urban water cycle 
through an individual activity. 
 
Step 1 of research: Previous ideas 
are analyzed to guide the next 
session.  

STEP 2: To use research results to 
guide the teaching process 
 
Session 2: (1) Previous ideas on the 
urban water cycle are co-evaluated 
with the help of an evaluation tool and 
after watching a film; (2) The teaching 
process is guided to promote a 
comparison of own results with the 
research results on primary students; 
(3) A questionnaire is filled out to 
reflect on the learning process. 
Step 2 of research: Questionnaire 
responses are analyzed. 

STEP 3: To identify what 
they have learned 
 
Session 3: Two questions 
about the water cycle are 
included in the final exam.  
Step 3 of research:  
a) Responses are analyzed and 
the results are compared with 
the previous ideas.  
b) A focus group session is 
held with students with best 
results from the initial activity. 
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of the group’s knowledge of the urban water cycle and compared them with the results 
of primary students. At the end of the session, the students filled out a questionnaire in 
order to collect their reflections on the learning process (Figure 3).

 

Figure 3: Activities during the second session 

Finally, to detect learning improvements regarding the urban water cycle, two questions 
about it were included in the final exam (Figure 1, step 3).  This data was also analyzed.  

At the end of the process, we held a focus group discussion with the students that had 
the best results. One of the aims of the session was to detect the school experiences 
which helped them to build the cycle model. However, the focus group session also 
increased the student teachers’ level of interest in dealing with water issues from a 
scientific and environmental perspective. 

RESULTS 

Evolution in students’ learning on the natural and urban water cycle 

In the initial activity (step 1 of Figure 1), students represented their prior ideas about the 
water cycle through a drawing. In the case of the natural water cycle, the data were 
analyzed with reference to the categories defined by Marquez (2002). In the case of the 
urban water cycle, the data were analyzed with a set of categories used in a previous 
research. 

Table 1 

Natural water cycle typologies 

Typologies (Márquez, 2002) No. Students 
Type 0 No description 0 
Type I: Monocyclic model Inputs and outputs not closed 3 
Type II: Atmospheric model  Cycle starts at sea, water evaporates, forms clouds, 

rains over sea 
13 

Type III: Surface circulation 
model 

Sea, river and lake water evaporates, forms clouds, 
rains over surface, and rivers formed flow into sea 

33 

Type IV: Groundwater flow 
model 

Like Type II, plus groundwater circulation, but no 
infiltration process 

4 

Type V: Groundwater flow 
model as independent reserve 

Infiltration process may be displayed, but not how 
water rejoins cycle 

2 

Type VI: Integrative model Shows infiltration process: surface water becomes 
groundwater and reaches sea 

4 
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Table 2 

Urban water cycle typologies 

Typologies (Castelltort & Sanmartí, 2013) No. 
Students 

  
Type 0 No description 0 
Type I: Transport or treatment Description of water transport system or water 

treatment 
11 

Type II: Incomplete transport 
and treatment  

Incomplete description of water transport system or 
water treatment 

30 

Type III: Transport and 
treatment differentiation 

Description of water transport system and water 
treatment; differentiation between purification and 
depuration 

1 

Type IV: Purification, transport 
and sanitation system 

Description of purification process, water transport 
system and sanitation system (sewers and 
depuration) 

18 

Type V: Provision and 
sanitation system 

Description of provision system (purification, 
transport, storage, energy requirements, and 
sanitation system) 

0 

 

The results showed that most of the students described a closed natural cycle but only 
few of them described groundwater and its circulation (Table 1). In the study carried out 
in primary schools, these difficulties were also detected among an even larger number 
of pupils. 

In case of the urban water cycle (Table 2), the results showed that all the students were 
capable of describing the cycle, although the majority did not yet have a sufficiently 
clear picture of the main processes and fell within type 2. None of the students 
described a complete system which includes the water supply (water treatment, 
transportation, storage and distribution) and water sanitation processes while also 
considering the energy requirements of the process. 

At the end of the course, the students took a final exam (step 3 of Figure 1). In the exam 
question, they were shown a real representation of the water cycle made by primary 
school students. They had to do two tasks: to develop a list of evaluation criteria and to 
evaluate the representation using the defined categories. They had the option of 
choosing between developing criteria and an evaluation for either the natural water 
cycle or the urban water cycle. Nearly half of the class (31 students) chose the urban 
water cycle. 

To detect learning improvements, we compared the results of the initial activity with the 
final exam activity using the same evaluation criteria. Frequencies for each item were 
analyzed. We also analyzed items in which they had improved remained the same or 
worsened on the final exam. This dual way of analyzing the data provided important 
information for interpretation.  
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By comparing the typology of the urban cycle identified in the initial drawing with the 
final exam, we found that the students improved considerably (Figure 4). However, the 
analysis of each criterion shows which aspects they improved and which they did not 
(Table 3). The results show that on the final exam most of the students improved by 
including the purification and sanitation system and the energy requirements of the 
urban water cycle. However, they did not improve by including water point collection 
and the importance of representing a closed water cycle. The issues in which obvious 
improvements were not sufficiently noticed can be explained by the following factors: 
(1) some concepts were not sufficiently explicit in the co-evaluation criteria, and (2) the 
initial and final activities were not exactly the same.  

 

Figure 4: Evolution in typologies of representations of the urban water cycle  

 

Table 3 

Evolution in students’ learning results 

Items evaluated to identify student 
learning 

Initial activity 
(step 1) 

Exam activity 
(step 3) 

Distinction between purification and 
the sanitation system  7 30 

Identification of energy requirements  1 19 

Representation of storage 3 8 

Detailed representation of water 
transport  1 12 
Representation of water collection 
point  21 13 

Representation of a closed water 
cycle 28 25 

 

Meta-reflection on the learning process 

The reflection on the learning process took place at the end of the second session (step 2 
of Figure 1) and with the focus group held at the end of the process (step 3 of Figure 1). 
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In the second session, the results of water cycle knowledge in the pre-service student 
group were presented and compared with the results obtained among the primary school 
students. After that presentation, two questions were answered individually (Table 4). 

Table 4 

Questions to promote individual meta-reflection 

1. What have you learned about the natural and urban water cycles with this activity? 
2. If you were a teacher, what kind of activities you think would be the most suitable for a group 

of primary school students? 

The first question asked what they had learned. Although the question was very open-
ended, we collected a wide range of responses (Table 5). The results show that all 
students learned something new with the sequence of activities planned. They claimed 
that they learned new scientific contents (both the natural and urban water cycle) and 
they put their scientific ideas in order. But they also claimed learning related to their 
future jobs as teachers, such as the importance of lifelong learning and the importance 
of educational research to learn preconceptions and students’ difficulties in order to 
develop the teaching process better.  

Table 5 

Meta-reflection on the learning process results 

What did you learn about the natural and urban water cycles with this activity? 
% 
students 

Responses 

46% They learned about the natural water cycle  
84% They learned about the urban water cycle 
23% They learned about the water cycle in general (put ideas in order, complexity of water cycle 

and relationship between parts...) 
44% They learned about their future teaching tasks (importance of lifelong learning, importance of 

preconceptions, new resources, primary students’ main difficulties...) 
25% The activity helped them learn 

 

The second question asked about their teaching practice in order to find out which 
strategies they considered to be the most appropriate ways of tackling the difficulties 
encountered with these pupils. The ideas collected were based on using and encouraging 
activities and resources in a variety of formats to create educational experiences that 
help students to identify their preconceptions, and to regulate and evaluate them so they 
evolve. These suggestions are all consistent with general primary pre-service teacher 
training and teaching science subjects. 

At the focus group session, students were asked about the kind of school experiences 
they thought that had helped their learning. The experiences collected were related to 
not only formal education but also non-formal education and the professional and 
personal spheres. In the case of formal education, students highlighted the importance 
of outdoor activities (such as visiting water sources in a natural setting, visiting a water 
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museum, a river outing, etc.) and research activities (such as eco audits, water bill 
analysis, calculating one town’s water balance, etc.).  
 
The value of these experiences has been described by many authors (Rickinson et al., 
2004; Chawla, 2006), and we have also reached the same results in a study carried out 
with primary schools. In that research, we were able to identify several characteristics 
that helped primary students to learn: the activities had an adequate teaching design, the 
activities provided students with a unique or different experience, and teachers used 
these activities in coordination with their teaching plan. 
 
Furthermore, the focus session was also useful to reflect on the sequence of activities 
planned. In the conversation, some of the ideas collected through the questionnaire were 
also explained (Table 6): 
 
Table 6 

Some examples of focus group comments about the activities planned and their learning 

Student A:  “If we want children to learn, we must have a clear picture of their difficulties”.  
Student B: “I agree, but we also have to be aware of our own difficulties. I was so surprised to see that 
many of us didn't represent the water cycle correctly. We are going to be teachers and we must have 
basic scientific knowledge. We have to be conscious of our knowledge in order to improve it”. 
Student C: “…and that these kinds of projects [research] are useful.” 
Student D: “It helps us very much to know where we are.” 
Student E: “These kinds of studies are very necessary and more of them should be done. That is more 
important than other studies like the ones that tell you what kind of perfume people prefer.” 
Student H: “We have to know that lifelong learning is very important” 

 

The responses of the questionnaire and the focus group show the importance of 
allocating time for meta-reflection. It was useful for students so they could become 
more conscious of their difficulties and better able to identify strategies to overcome 
them. Being aware of these difficulties also means that they realized that their own 
problems were very similar to those of primary pupils. This encouraged wider reflection 
on learning that includes both content and teaching practice. However, we cannot know 
whether they are going to apply what they have written or said in their future teaching 
practice.  

 

CONCLUSIONS 
The results of this research have shown that a teaching sequence that integrates 
scientific content, research results, self-regulation and meta-reflection has an effective 
impact on learning. Students learned both at a conceptual level and with regard to their 
future teaching. 

Related to the first research objective, by the end of the process all the students had 
improved their understanding of the urban water cycle. For example, they made a 
distinction between purification and sanitation systems, and most of them identified the 
energy requirements of the process.  
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Related to the second objective, the meta-reflection during the teaching process 
encouraged student learning with regard to their future teaching tasks. The focus group 
discussion was a useful place to think more deeply about the implications of a learning 
process that includes the research results. The implications that emerged were consistent 
with the implications collected through the questionnaire. They include the importance 
of lifelong learning to improve scientific knowledge in order to be able to help student 
learning; the use of more adequate didactic strategies; and realising the importance of 
research into teaching.  

In addition to those results, the focus group session became an approach to significant 
formative life experiences which students said helped them to learn about the water 
cycle. Events of high importance produce more vivid and accurate memories than 
events of low importance (Chawla, 2006). Outdoor learning and research activities are 
two events regarded as important. 

The literature suggests that even if students remember fieldwork or outdoor visits for 
many years, it does not always mean that they were effective learning experiences 
(Rickinson et al., 2004; Dillon et al., 2006). In our research carried out with primary 
schools, we have evidence that this kind of experience allows for better understanding 
of the urban water cycle. This data is important because the socioeconomic situation in 
our country has led many schools and institutions that offer this kind of outdoor 
educational visits to reconsider whether outdoor learning is worthwhile.  

To summarize, the experience of establishing links between teacher education and 
research carried out in university departments has been very positive for both the 
student teachers and the researcher. The student teachers have learned more about water 
issues and have seen how research helps teachers to identify pupils’ difficulties and 
potentialities and identify improved activities in order to adjust preconceived ideas. The 
researcher was also able to collect new data on the difficulties encountered by 
prospective teachers and to identify school experiences that have been helpful. 
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Abstract:  The discovery of the formula for the centre of oscillation of a physical 

pendulum was one of Huygens’ greatest achievements in mechanics. In this paper we 

deal with the reconstruction for pedagogical purposes of a thought experiment which 

was crucial for the derivation of the formula. An activity sequence has been designed 

and tested on a group of 30 physics teachers undergoing initial training. We collected 

data during and after the experimental activity by means of written questions, oral 

discussions, and final reports. Our results strongly suggest that the quantitative analysis 

of Huygens’ experiment by means of the Tracker software can lead teachers in training 

to a deeper reflection on the physical concepts of centre of mass and conservation of 

energy.  

Keywords: Video based Laboratory Tools, modelling, historical experiments, teacher 

preparation 

 

BACKGROUND AND PURPOSE 

This work is centred on the reconstruction for pedagogical purposes of Huygens’ 

thought experiment presented in “De centro oscillationis” (Huygens, 1661) and aimed 

at evaluating the centre of oscillation (or radius of gyration) of a physical pendulum. 

By studying this system Huygens establishes the paradigm for analyzing all more 

complex multi-body systems and lays the basis for the later development of rigid body 

dynamics.  

A long established line of research has studied the use of experiments of historical 

significance in educational laboratory activities (Cavicchi, 2003; Höttecke, 2000) 

finding that, almost invariably, involvement in historical experiments helps students 

and teachers to get beyond the oversimplifications prevalent in textbook situations and 

exercises ,Chang 2011) and appreciate the interconnectedness of natural phenomena 

(Cavicchi, 2008). Studies have also highlighted the centrality of the role of the 

pendulum, in its various incarnations, in the development of physics; and argued in 

favour of a more extensive use of pendulums in school physics teaching ,Matthews et 

al. 2005). 

By coupling the reconstructed apparatus with a video data analysis and modelling tool 

such as Tracker (http://www.compadre.org/osp/webdocs/tools.cfm?t=Tracker), we can 

create an interactive learning environment in which each group of students is able to 

make its own measurements, analyze data, and compare them to theoretical models. 

Previous studies have highlighted the effectiveness of video data analysis and 

modelling software to  provide immediate access to multiple representational views 

(Wee et al. 2012) improving students’ understanding of their relationship. Several 
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authors have reported that VBL activities favour students’ understanding of graphs 

(Beichner, 1996) and emphasized a positive effect of VBL on students’ motivation and 

interest (Hockicko, 2012). 

The determination of the center of oscillation of a physical pendulum is a topic not 

commonly covered in undergraduate mechanics courses. Although a complete solution 

can be easily found by using the differential equations of motion, we discovered that 

pre-service teachers generally try to solve the problem through elementary methods 

and reasoning, encountering several difficulties and dead ends. Section 4.a is devoted 

to reporting on the different conceptual approaches used by student teachers when 

confronted with this problem. 

The main research questions which guided our work can be summarized as follows: 

(i) What concepts, ideas, conceptual correlations are used by student teachers to 

analyze and interpret the reconstruction of an historical experiment such as Huygens’ 

one? 

(ii) What is the role played by the TVA Tracker tool in helping student teachers build a 

meaningful and explanatory model of the system? 

RATIONALE 

Based on Huygens’ diagrams of 1661, the experiment was reconstructed by using a 

system of five “ideal” pendulums constrained to swing together for a quarter of an 

oscillation (Bevilacqua, 2006), and then suddenly freed of their constraints to swing 

individually (Fig.1). This apparatus, with its limited number of masses localized in 

regular positions reproduces the ideal system through which Huygens studied the 

unknown properties of a physical pendulum by using the known laws of Galileo’s 

simple pendulums (in particular the proportionality between the maximum speed at the 

end of the free descent and the maximum height reached at the end of the free ascent).  

  

 

 

 

 

 

 

 

Figure 1. Our group’s reconstruction of Huygens’ pendulum. Unilateral constraints 

(top) allow the device to swing as a rigid body in the first quarter of an oscillation 

(left) and as separate simple pendulums in the second quarter (right). 

 

The historical background related to Huygens’ pendulum in the context of his research 

program, his mathematical proof, and details of the physical analysis and video data 

modelling of the system have been described elsewhere (Malgieri et al., 2013; Malgieri 

et al., in press). Here we limit ourselves to underline that there is a significant 
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qualitative connection between the device and the problem of the determination of the 

radius of gyration. In Huygens’ pendulum the masses which lie between the pivot and 

the centre of oscillation reach a lower height than they started from, while bobs lying 

beyond he centre of oscillation do the opposite, so that if a pendulum with many 

equally spaced bobs is used, the one rising to approximately its original height should 

be the nearest to the centre of oscillation. 

The motion of the pendulums is registered by a CCD digital camera and a video is 

obtained, which then is analyzed by means of Tracker software. In this way students 

can measure a number of relevant physical quantities such as the highest position 

reached by the masses; the separate velocities and kinetic energies for each mass, and 

track the motion of the centre of mass (CoM) of the system of pendulums. In particular 

they are faced with some unexpected and surprising phenomena, which have to be 

explained: 1) the longest pendulum rises, at the end of its free oscillation, to a higher 

quota than the one it started from; 2) the CoM of the pendulums rises, instead, to a 

lower quota than its starting one; and 3) it follows a curious curved trajectory. Through 

a discussion of points 2) and 3), the scope of the experiment can be expanded beyond 

its original framework with the goal of clarifying the principle of energy conservation 

in a system with internal degrees of freedom.  

 

THE STUDY: DESIGN OF THE ACTIVITY SEQUENCE AND 

DATA COLLECTION 

Twenty-nine students of a postgraduate course for high school physics teacher training 

carried out the activity in a 4 hours session. The activity plan is made of three 

sequential steps, preceded by a presentation of the historical background and followed 

by a discussion and students producing (as homework) of final reports. Data were 

collected from multiple choice and open question sheets given to students during the 

activity (all questions are presented in the Appendix), and from students’ final reports. 

The steps of the activity are as follows: 

Approaches to the centre of oscillation problem 

In the first part of the activity sequence students only worked with pen and paper. In 

the question sheet, the simplest possible model of a compound pendulum was 

proposed, made of two identical masses equally spaced on a weightless rod. By asking 

this question (Q1), we led students to approach the problem from the same angle as 

Huygens’ original first schematization of 1661 (Huygens, 1661). At the end of this step 

Huygens’ original argument to answer the question was discussed and compared with 

the modern approach. 

Exploration of the apparatus 

Students were divided into six randomly determined groups, and the experimental 

apparatus was introduced. Observing its behaviour, students’ attention was drawn to 

the first, and most apparent, of its counterintuitive features: the outermost pendulum 

reaches a higher height than the one it started from. In this step, students were given 

three tasks: to explain the physical reasons for the behaviour of the outermost 

pendulum (Q2), to predict the trajectory of the centre of mass of the system (Q3); and 

to indicate what they found interesting in the system (Q4).  
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Inquiry activity in a VBL setting 

In the final part of the activity, students proceeded to quantitative measurements and 

data analysis of the apparatus by means of Tracker software, which they had been 

previously trained to use. Students worked in the same groups which were previously 

formed and were encouraged to share their reasoning and insights. About 30 minutes 

were given for them to perform the tracking operations in the software environment 

and to produce and visualize their own data sets. They were then asked (Q5) to explain 

the observed behaviour of the centre of mass (Fig. 3).  

After the activity, students were asked to write a home report, discussing any 

difficulties they encountered, positive and negative aspects which they had 

experienced, and whether they could design a similar activity for their own future 

students.  

 

RESULTS 

Approaches to the determination of the centre of oscillation 

Overall, 13 students out of 29 believed that the centre of oscillation of a compound 

pendulum coincides with the centre of mass. The distribution of answers to Q1 is 

shown in Fig. 2, while the supporting arguments grouped in classes of similarity are 

reported in Table 1. 

Only two students gave the correct solution to Q1 along with a proof based on the 

modern formalism (giving the second order differential equation for the dynamics of 

the compound pendulum and comparing it to the analogous equation for a simple 

pendulum). Other students giving the correct answer to Q1 used a qualitative argument 

to support their intuition that the longer of the two pendulums should have more 

influence in determining the period of the system.  

 

 

Figure 2. (left) Distribution of answers to Q1 (multiple choice item). In Q1 (A) is 

Reff =ℓ  ; (B) is  2eff R=ℓ  ; (C) is  Reff 23=ℓ  ; (D) is RR eff 23<<ℓ    (E) is the correct 

answer, i.e. RR eff 223 << ℓ . (right) The schematic representation of a compound 

pendulum as it was proposed to students.  
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Question 1: center of oscillation of the compound pendulum with two masses
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Table1.  

Arguments given by students in support of their answers to Q1, grouped in classes of 

similarity. 

In principle statement about the centre of mass,  7 24.1% 

Period does not depend on mass, but on length, so only the farthest bob counts 4 13.8% 

Simple and compound pendulums must have the same energy 3 10.3% 

Generic statements about period 3 10.3% 

Longer pendulum has more influence on the compound pendulum period than the 

shorter one 
2 

6.9% 

Simple and compound pendulums must have the same moment of inertia 2 6.9% 

Most clearly correct strategy in the modern formalism: comparing the equations of 

motion for the simple and compound pendulums and imposing their frequency to be 

the same. 

2 

6.9% 

Torque on the simple and compound pendulums must be the same 2 6.9% 

Period of the compound pendulum must be some kind of average (not necessarily 

the arithmetic mean value) between the periods of the two pendulums. 
1 

3.4% 

Consideration of limit cases 1 3.4% 

No answer / only intuition 2 6.9% 

 

A significant number of students (n=7) who give the wrong answer (c) offer as a 

reason for their answer some a priori statement about the centre of mass, or simply 

provide the calculations for the CoM with no further explanation. Others arrive at the 

same wrong answer from a different conceptual path, for example by assuming that the 

initial potential energies are the same for both the simple and the compound 

pendulums. 

A relatively popular line of reasoning (n=4) was that, since the formula for the period 

of the simple pendulum does not depend on its mass, but only on its length, then the 

longest pendulum alone should determine the compound pendulum period, leading to 

answer (b). Other students reasoned that, in order to have the same period, the simple 

and compound pendulums should have the same energy (n=3), the same moment of 

inertia (n=2) or be subject to the same torque (n=2). One student thought that the 

period of the compound pendulum must be some kind of average, but not the 

arithmetic mean value (he tried using the geometric and harmonic averages) between 

the periods of the two pendulums. However, in the end this student still chose answer 

(c). Another student tried considering limiting cases: he imagined first joining 

pendulums with lengths 0 and 2L, then two pendulums with the same length 2L. Since 

in both cases the centre of oscillation of the resulting pendulum lies at distance 2L 

from the pivot, he concludes that this must be also the correct answer. The problem 

here lies in the fact that the relation between the radius of gyration and location of the 

inner bob, when the position of the outer bob is held constant, is not a monotonic 

function.  

Evolution of student teacher analyses 

In Q3 student were asked to explain why the longest pendulum rises to a higher quota 
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than it started from. Table 2 shows a grouping of the answers in categories of 

conceptually similar ones. An answer has been counted as a “complete model of 

energy transfer” if it contained a reasonably complete explanation of how some 

pendulums can acquire more energy than they would have if oscillating alone. A 

typical correct explanation given by students is along the lines of “a shorter pendulum, 

having shorter period, pushes a longer one increasing its kinetic energy”. Only in two 

cases constraint forces were explicitly mentioned as agents of such transfer, but this 

was not considered an essential feature of correct answers at this stage.  

Table 2  

Answers given by students to Q3, grouped in classes of similarity. 

Complete model of energy transfer between inner (shorter) and outer (longer) 

pendulums  
6 

20.7% 

Longest pendulums get more energy, unstructured or no explanation 4 13.8% 

Because the pendulums have different periods 4 13.8% 

Generic statements about energy conservation 4 13.8% 

Generic statements about energy redistribution 5 17.2% 

Because at the instant of separation bobs have different speeds (descriptive answer) 2 6.9% 

Because of friction 1 3.5% 

No answer / incoherent 3 10.3% 

 

Three students argued that since angular velocities at the time instant of separation are 

the same, tangential velocities must be different and proportional to the distance from 

the pivot. While this remark is certainly correct, explaining why longer pendulums 

have more energy than shorter ones, we counted it as a partial explanation because it 

alone does not explain why the final energy of the longest pendulum is greater than its 

initial energy. As can be observed from Table 2, many student answers were rather 

generic formulations including concepts of energy conservation, or energy 

redistribution between pendulums due to the removal of constraints. 

Q4 asked students to predict the trajectory of the CoM of the system through the first 

half oscillation. This was the last question before starting to work on measurements 

using Tracker software. We did not expect student to draw the precise path shown in 

Fig. 3, but our goal was to test how many of them would predict the circular path 

continuing in the unconstrained part of the oscillation, and how many would instead 

predict some kind of change. Results were as follows: 24 students predicted a 

semicircular trajectory with no additional comments; 2 students gave the same answer 

while expressing some doubts about its correctness; 2 students drew a steeper arc, with 

decreasing radius, in the second part of the oscillation; one provided no answer.  
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Figure 3. Snapshot of the Tracker environment showing the measured trajectory of the 

centre of mass of the system. The behaviour is qualitatively different from what most 

students expect, because the centre of mass reaches a lower height than its initial one, and 

the trajectory is not a perfect half circle. 

Table 3. 

Answers given by students to Q5, grouped in classes of similarity. 

Correct energetic analysis: pendulums are never simultaneously at rest, so there is 

always some kinetic energy in the system.  
6 20.7% 

Because the position of the CoM is influenced by the shorter pendulums, which turn 

back in their oscillation at an earlier time (descriptive answer) 
4 13.8% 

Solely because of dissipation 4 13.8% 

Because longer pendulums subtract energy 5 17.2% 

Generic statements about energy redistribution 4 13.8% 

Because of friction 1 3.5% 

No answer / incoherent 5 17.2% 

 

The answers to Q4 allow us to conclude that most students erroneously expected the 

CoM of the system to reach, in the second quarter of the oscillation, the same height as 

it started from. This is also confirmed by statements that the CoM behaviour was 

unexpected, which several students wrote after observing and measuring the evolution 

of the system by Tracker. 

Q5 required students to provide a theoretical explanation for the behaviour observed. 

Table 3 analyses student responses. These results most strongly demonstrate the 

educational value of the video analysis and modelling tool: after completing their 

measurement activity with Tracker software, half of the students (n=14) are able to 

give a correct analysis of the CoM behaviour. Compared with results for Q3, the 

number of students appealing to vague general concepts is greatly reduced. The general 

tone and language used in the answers is also more precise and more confident, 
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showing an improved understanding of the principles involved in the system’s 

behaviour. In Q3 students generally first try to make some calculations, and from them 

they derive some kind of explanation for the observed behaviour. In Q5 they first 

explain the phenomenon in qualitative terms; then they proceed to make calculations to 

confirm that their model is consistent. 

Discussion of results by conceptual thread  

Demystifying the predominant role of the centre of mass 

We found clear evidence of students overestimating the role played by the CoM of the 

system, and attributing to it properties that it does not possess. Looking at the answers 

to Q1 one finds (Fig. 2) that almost half of the students (13 out of 29) believe the 

equivalent length of the compound pendulum to be the distance between the pivot and 

CoM. Two students initially give the correct answer (the equivalent length value is 

between 3/2 R and R) out of physical intuition, but then reconsider it, being “attracted” 

by answer (c) when evaluating the role of the CoM. As mentioned previously, a 

substantial number of students use abstract reasoning or appeal to perceived principles 

to support their belief that the centre of oscillation coincides with the centre of mass. 

Examples of such claims are “a system is always equivalent to a system having the 

same total mass concentrated in the CoM”; “it must be equivalent because the centre of 

gravity must not change”; “a rigid body can always be imagined with its mass 

concentrated in the CoM” or similar in-principle statements. In Q4 almost all of the 

students (n=25) believe that the trajectory will be a continuous half circle, with only 

two students predicting some kind of deviation from a regular circle after the 

separation of the pendulums.  

Data suggest that the VBL activity has led students to a deeper reflection on the role of 

the centre of mass and that Tracker software played a key role in assisting them to 

produce a meaningful physical analysis. In particular, answers to Q5 show that, after 

working with Tracker, almost half of the students (n=14) were able to provide a 

sufficiently detailed physical analysis of the observed behaviour. Some students cited 

the possibility of directly observing and comparing the time evolution graphs of the 

separate pendulums as the main factor which made them understand the physical 

mechanism producing the observed behaviour. 

Although there was no further mention of the issue in the written questions, the 

comparison between the measured CoM trajectory and the predicted one was also a 

popular subject of debate among students and helped them to put the role of the CoM 

of a system in its correct perspective. 

Investigating possible pitfalls in the concept of conservation of energy 

Another conceptual thread which our study focused upon was students’ mastery of the 

principle of conservation of energy. Indeed the behaviour of Huygens’ pendulum may, 

at first sight, contradict the perceived version of such principle: the longest pendulum 

rises to a height greater than the one it started from (Q3) while the CoM reaches 

instead a lower height than its initial one (Q5).  

In Q4, only 6 out of 29 answers provide a sufficiently organized general picture of the 

mechanism of energy distribution between pendulums. However as we have seen, in 

Q5 (table 3), the number of correct responses from students rises to 14. For example, a 

typically good student response for Q5 is “The CoM will not ever reach its starting 

height again because there is no time instant during the motion in which all the masses 
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are simultaneously at rest. So there will always be some kinetic energy, and the 

potential energy of the CoM will never be equal to the initial one.” Some of the 

students add to the above argument the correct remark that a small part of the observed 

effect is due to dissipation. As we have noted above, work with Tracker software 

appears to play a crucial role in developing such detailed analyses. 

Focusing on the role of constraints 

Constraint and contact forces play a crucial role in Huygens’ pendulum: they are 

responsible of transferring part of the kinetic energy of the system from the inner bobs 

to the outer ones in the first part of the oscillation, leading in the second part to a 

considerable difference in the simple pendulums’ maximum angular amplitudes.  

Students’ answers to Q4 show that, initially, very few of them (n=2) explicitly mention 

constraints, while some others (n=4) implicitly refer to contact forces by using 

expressions such as “the shorter pendulum pushes the longer one”.  

In the discussions which took place during and after the activity, students seemed eager 

to achieve a better understanding of the role played by constraints in Huygens’ 

pendulum. Indeed, several student teachers (n=11) in their final home assignments say 

that the opportunity to study a system in which such forces play an active role was one 

of the main points of interest of this activity.  

General remarks on the development of the activity 

In Q2 students were asked what they found most interesting about Huygens’ 

pendulum. They were allowed to point out more than one interesting aspect. Results 

are shown and grouped in classes of similarity in table 4: the points most often 

mentioned are the possibility of observing the behaviour of the system after the 

breaking of constraints (n=8), the visual demonstration of different periods for 

pendulums of different lengths (n=8) and the difference in oscillation amplitudes of the 

free simple pendulums (n=6). The last class includes those answers (n=3) only noting 

the “anomalous” behaviour of the longest pendulum. 

Table 4. 

Answers given by students to Q2 (elements of interest in the activity), grouped in classes 

of similarity. Each ST can provide more than one answer. 

Observing a system in which constraints are suddenly removed during evolution  8 

Observing the asynchrony of pendulums with different periods 8 

Observing pendulums with different lengths reach different heights 7 

Simplicity of realization 3 

Genius of Huygens’ idea 2 

No answer 3 

 

We noticed students’ interest and motivation increasing as the activity proceeded. 

Unexpected aspects of the pendulum’s behaviour captured their attention and 

challenged them to find a consistent explanation. In the final VBL inquiry activity, we 

observed lively and extensive group discussions, as well as considerable motivation to 

master the Tracker software. 

The evolution of student language in the course of the activity also deserves mention. 
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In writing down their arguments in support of the answers to Q1, students often 

displayed very insecure language and express their uncertainty. For example “I would 

say B, as intuitively I would think that the period depends on the distance of the 

farthest mass. It leaves me perplexed”. In other cases students do not explicitly express 

insecurity, but write explanations with very little verbalization, made of formulas with 

few or no connecting words; or they use only short and very standard textbook-like 

sentences. 

As students acquired familiarity with the apparatus, and especially after the VBL 

activity in step 3, the language they use for describing the system changed. Answers 

became longer and more confident, indicating a greater appropriation (De Ambrosis & 

Levrini, 2010) of the concepts involved; sometimes traces of colloquial language 

appear. Some examples are “for the CoM to come back to the initial value, it would be 

necessary that all the masses are at rest at the same time, but this does not happen”; 

“bobs are never all at rest at the same time, so there is always some kinetic energy 

around”. 

In their home report most students write that the study of Huygens’ pendulum has been 

helpful to them, or can be helpful to students, for deepening the understanding of the 

principle of conservation of energy and highlighting some of its subtleties. “I think 

experiences like this one” one student wrote “can, and should, be proposed to high 

school students; they would allow students to grasp the meaning of complexity. Such a 

lesson should be more free and less directed by the teacher (…). From such an activity, 

the beauty of debating on problems, and even of the progress through indecisions and 

errors which are unavoidable when approaching a complex system, should emerge.”  

Observations by student teachers 

We summarize some of the most significant remarks about the activity reported by 

student teachers in their home assignments. Grouping them in broad categories, it 

appears that: 

Students appreciated the capabilities of the TVA software, and in particular the 

possibility of automatically drawing the trajectory of the CoM of a multiple mass 

system; of computing and showing the time evolution of positions, velocities, energies 

and other mechanical quantities, and comparing such data to known laws, in a very 

short session time. “Use of Tracker software”, one ST wrote, “opens a wide range of 

possibilities, and first of all it enables the visualization of all the kinematic quantities, 

allowing a direct connection between model and reality”. 

Students found the tasks accessible and appreciated the richer and more stimulating 

learning environment provided by working with an apparatus of historical significance. 

They also confirmed that working with historical experiments could help reduce the 

perceived distance between students and the experimental method. 

Many students were also positively impressed by the educational potential carried by 

the counter-intuitive, “surprising” behaviour exhibited by the Huygens apparatus. “The 

rupture of equilibria“ writes one of them  “produced by the appearance of the 

unexpected, and of phenomena which appear to be in contradiction with what has been 

previously studied, can be the starting point for reflections leading to new, deeper 

explanations”. We have probed some pre-service teachers’ conceptions in intermediate 

mechanics, taking as a starting point the historical question of determining the centre 

of oscillation of a compound pendulum. We classified the different conceptual paths 

through which the problem was approached and found clear evidence of students 
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overestimating the role and properties of the centre of mass of the system. Through this 

preliminary study we believe we have shown that Huygens’ pendulum carries an 

educational potential which deserves to be further explored.  

 

DISCUSSION AND CONCLUSION 

Starting from the question of determining the centre of oscillation of a compound 

pendulum, and through the reconstruction of a historical device, we explored and 

worked upon several student teacher conceptions in mechanics. We classified the 

different conceptual paths through which the problem was approached, found clear 

evidence of students overestimating the role and properties of the centre of mass of the 

system. Through this preliminary study we believe we have shown that Huygens’ 

pendulum carries an educational potential which deserves to be further explored. The 

student teachers’ comments in their final reports support the idea (Cavicchi, 2008) that 

using experimental setups from reconstructed historical experiments can raise genuine, 

non-standard problems which are both more challenging and more stimulating for 

students. Regarding the VBL setting using Tracker software, evidence confirms that 

this environment is capable of stimulating cooperative work, reinforcing students’ 

confidence, and helping them produce more meaningful and detailed analyses of 

physical systems. 
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APPENDIX: TEXT OF QUESTIONS  

Initial question given for purely individual work with pen and paper. 

Q1: What is the length of a simple pendulum having the same period as the compound 

pendulum shown in the accompanying figure?  

A. R 

B. 2R 

C. (3/2) R 

D. Between R and (3/2)R 

E. Between (3/2)R and 2R 

Describe the reasoning strategy you used to answer the question. 

Questions given after the demonstration of the experimental apparatus.  

Q2: What (if any) did you find most interesting in the demonstration of 

Huygens’pendulum? 

Q3: Provide an explanation to the experimental fact that the longest pendulum in the 

second part of its   oscillation rises to a significantly greater height than the one it 

started from. 

Q4: Draw the trajectory you predict for the CoM of the system, during a whole half 

oscillation, before and after the removal of the constraints. 

Question for the video based inquiry activity:  

Q5: Through the Tracker environment one can observe that the centre of mass of the 

system in the second part of the oscillation reaches a significantly lower height than 

the one it started from. Provide an explanation for such behaviour. 
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MOTIVATIONAL TEACHING OF GIFTED STUDENTS 
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Masaryk University, Brno, Czech Republic 

 

Abstract: The paper presents research results of motivation of gifted students and the 

system of teacher education for motivational teaching of gifted students. Motivation is a 

very important factor affecting cognitive development of gifted students. Science 

education is currently affected by the fast development of information and communication 

technologies. The pedagogical theory of connectivism was born as a response to this 

information and communication technologies development. We have to accept possible 

connectivistic influences on development and motivation of gifted students in science. 

Research uncovered unsatisfactory current situation in motivation of gifted students. 

School environment is the main factor in the realization of motivation and development of 

giftedness. The role of science teachers in development of gifted students is totally 

irreplaceable. Therefore our research results of motivation of gifted students have been 

implemented in the system of teacher education for motivation of gifted students as a part 

of continuous professional development. An example of this system is teacher training in 

inquire-based science education. Links between five stages of the development of teacher 

skills to apply inquire-based science education and levels of inquire-based science 

education have been identified by use of design-based research. A simple model describing 

these relations has been presented. The system of pedagogical professional teachers´ 

knowledge, understandings and skills to apply inquire-based science education has been 

supplemented.  

 

Keywords: giftedness, inquire-based science education, motivation, science education, 

system of teacher education  

 

INTRODUCTION 

Teachers all over the world face decreasing interest of students in science studies. 

Currently used teaching methods are considered to be one of the main reasons of this 

unfavourable situation (Rocard et al., 2007). Teaching methods used by most of the 

teachers often do not meet students´ needs (Duschl et al., 2007).  Therefore it is necessary 

to look for innovative educational methods to increase interest and motivation especially of 

gifted students. Given that teachers play a significant role in education of all students, 

including the gifted, it is important to include information on methods suitable for gifted 

students in their education and teach them skills how to implement these methods in 

instruction. 

Students commonly consider science as a useful and promising subject, but requiring 

giftedness. Students´ giftedness in science might be latent. Therefore, teachers need to 
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learn how to create the conditions for its detection and subsequent development. Caring for 

students gifted in science is of great importance for the development of the whole society 

that cannot afford to lose gifted people, it is the best potential for the future. Teachers who 

teach students with different abilities need methods that allow them to access and educate 

individual students according to their abilities. 

Another problem teachers have to face is a different learning style of current generations 

and principles of connectivism (Oblinger & Oblinger, 2005) which are not generally 

accepted. Many methods used by teachers are inappropriate for students in terms of their 

different learning styles and similarly the educational content. Students are unmotivated 

and find the covered topics unrelated to their everyday lives. 

It's difficult to find an educational method that would meet fully all the above 

requirements. According to researches, such a method could be inquiry-based science 

education (hereinafter IBSE), because it focuses on the needs of all students (including the 

gifted), allows an individual approach and the curriculum is associated with everyday 

problems. The results of our and other researches confirm that IBSE motivates students as 

well as teachers. However, teachers have to learn how to apply this method, therefore is 

should be incorporated both into pre-service and in-service programmes and continual 

professional development (hereinafter CPD). We describe a specific CPD approach leading 

to the increased ability of teachers to implement IBSE into their everyday practice. The 

research results demonstrating its usefulness are also presented. The results of our research 

confirm the usefulness of IBSE strategy in science teaching. We present verified CPD 

approach leading to the increase of teachers’ skills in implementation of IBSE into 

practical use. 

 

RATIONALE 

The importance of IBSE for the development of the gifted is evident from the lack of links 

between intelligence levels and success in practical life, what is presented by D. Goleman 

(1996). He claims that IQ determines success in practical life in only 25 %. In other words, 

according to IQ tests, which often prove giftedness, you cannot tell whose career succeeds 

and whose fails. Our society requires not only adequate giftedness development, but also 

its application, because only this brings benefits to both gifted individuals and society. 

D. Goleman states that truly successful people in the field have other highly developed 

characteristics: sense of interpersonal relationships, communication skills, ability to guide, 

ability to work in a team, careful assessment of own abilities and consistent pursuit of 

objectives. IBSE could therefore help to develop giftedness by focusing not only on 

expertise and specific scientific skills, but also on the knowledge and skills essential for 

successful everyday and professional life, which is sometimes referred to as "learning for 

life and work." Classic skills acquired in instruction are enhanced by new ones, called 

"twenty-first century skills". These skills include mainly critical thinking, problem solving, 

cooperation, effective communication and self-education (Pellegrino & Hilton, 2012), 

which corresponds with the characteristics mentioned by D. Goleman. 
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According to experts, motivation is a very important factor affecting the cognitive 

development of gifted students.  Renzulli (1986), Mönks & Ypenburg (1993) justify the 

need to motivate gifted students in their models of giftedness. According to Mönks 

development of giftedness depends largely on a supportive motivational environment. 

Giftedness of students is also associated with high intelligence (Sternberg, 2007). 

Development of giftedness takes place in difficult conditions that affect science teaching 

and learning. Rapid development of information and communication technologies 

(hereinafter ICT) started ranking among significant cognitive factors. Also science 

education is strongly affected by the fast development of ICT. The new pedagogical theory 

of connectivism was born as a response to invasive ICT development. According to 

Siemens (2005, p. 4) “learning (defined as actionable knowledge) can reside outside of 

ourselves (within an organization or a database), is focused on connecting specialized 

information sets, and the connections that enable us to learn more are more important than 

our current state of knowing.” Thus a need occurred to examine possible connectivistic 

influences on development and motivation of gifted students in science. 

Educators try to find and develop teaching/learning methods, leading to effective education 

of students gifted in science. Emphasis should be put on motivation, which is the basis of 

success in the support of giftedness. IBSE has been considered such an educational method 

for a few years. It´s a constructivist educational method, important for the whole range of 

students including, the gifted (Rocard et al, 2007). Our researches confirmed that IBSE 

with connectivist elements is also suitable for motivation of gifted students.  

All researches will be useless until the results get into professional knowledge of teachers. 

Therefore, in the long run we pay attention to the implementation of these methods in 

science teacher education. Our goal is to create a system including: 

(a) Detection of educational (especially motivational) needs of gifted students 

(b) Development of appropriate educational (especially motivational) methods for gifted 

students 

(c) Implementation of educational (especially motivational) methods for gifted students in 

teacher education  

This strategy corresponds to the structure of our study, where all the three parts are 

included.              

 

METHODS 

Development of science giftedness with connectivistic impulses opens our main research 

objectives: motivation of gifted students and the system of teacher education to motivate 

gifted students. 

Our research questions/problems correspond to the above strategy: 

(1) What opinions have gifted students about their own motivation? 

(2) What motivational methods are appropriate for gifted students? 
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(3) How to create a system of teacher education to motivate gifted students? 

Sufficient methods/tools for our research objectives connected to our research questions 

were: 

(1) Questionnaire 

(2) + (3) Questionnaires, observations, interviews, didactic tests, students’ and teachers’ 

portfolios, action research, design-based research (Reeves, 2006), cooperative action 

research based on ICT (Trna & Trnova, 2010). 

In the first part of our research we used a questionnaire for gifted students. The 

questionnaire focused on the status of motivation of gifted students in current schools. We 

looked for the answers to the second and third research question using design-based 

research combined with other research methods. 

 

RESULTS 

Our research brought many new findings about motivation of gifted students. This study 

presents only the part corresponding to the above research questions. First, we try to find 

out the status of motivation of gifted students in current schools. An analysis of specific 

motivational needs of gifted students follows. Finally, we pay attention to the system of 

teacher education to motivate gifted students. 

 

Status of motivation of gifted students in current schools 

First, we found out gifted students´ opinions of their motivation in instruction using a 

questionnaire. Our questionnaire (2011/2012) was distributed to 86 gifted students (aged 

16 to 18) in the Czech Republic (Trnova, E., Trna, J. & Skrabankova, 2013). An example 

of the most significant items:  

Question No. 1: Does your school environment motivate you to study physics? 

 

 

 

 

 

 

 

 

Figure 1. Frequency of responses to question 1. 
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Our research has shown that the current situation in motivation of gifted students is 

unsatisfactory. School environment is the main factor in the realization of this motivation 

and the development of giftedness.  

Then we discovered specific motivational needs of gifted students (Trnova, E. & Trna, J., 

2012). We used (2011) a questionnaire with a representative sample of 138 non-gifted and 

15 students gifted in science of an upper secondary school in the Czech Republic (aged 15-

18). We are presenting a part of the questionnaire results (Table 1):  

 

Table 1  

Specific science educational needs of students. 

Which activities would you like to do in classes, 

which activities interest and attract you? 

Gifted students 

N =15 

 

         (%) 

Non-gifted 

students 

N = 138 

        (%) 

Difference 

gifted/non-

gifted 

        (%) 

Measurement 93 25 68 

Analyzing of phenomena 87 29 58 

Verification of hypotheses 67 16 51 

Identifying processes in the nature 93 43 50 

Observation 93 49 44 

Creating of hypotheses 60 18 42 

Experimentation 100 59 41 

Formulating conclusions 73 33 40 

Substantiation of solutions 80 41 39 

Data processing 67 28 39 

Evaluation 53 17 36 

Describing of phenomena 73 41 32 

Expressing and defending of opinion  87 59 28 

Solving of projects 80 62 18 

 

Questionnaire research and design-based research produce new findings that may be 

applied in the development of innovative motivational teaching methods.  

Most of the identified educational needs of gifted students are met in IBSE that we focused 

on when analysing the development of motivational teaching / learning methods. How 

important it is to create suitable conditions for the development of giftedness and to 

motivate students is evident from the data presented by experts at giftedness. They argue 

that there are two to three percent of the exceptionally gifted. However, if conditions 

necessary for the development of students´ individual abilities were optimal, up to 25% of 

them could significantly excel in some areas (Freeman, 2001). It is therefore necessary to 
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provide teachers with appropriate motivational teaching methods for gifted students. 

According to the above findings, IBSE is one of these methods. 

 

The system of teacher education to motivate gifted students 

The role of the teacher in the development of gifted students is totally irreplaceable. 

Therefore it is necessary to include specific motivational methods in pre-service and in-

service teacher training. Since education of gifted students is realized in very variable 

conditions and situations, it is necessary for the teacher to be creative. The experience 

shows no innovation will be sustained unless systematic and ongoing CPD is provided to 

support the changes required in the instruction (Osborne & Dillon, 2008).  We try to 

develop the system of teacher education to motivate gifted students as an integral part of 

CPD. An example of this system is teacher training in IBSE: 

IBSE is one of innovative methods for students, but also for teachers. To make IBSE 

effective, it is essential for teachers to acquire professional competency to apply IBSE 

consisting of a set of specific professional skills. Teachers need to be able to determine 

what level of IBSE can be used, what knowledge and skills should their students acquire, 

at what level etc. We can identify by use of design-based research links between five 

stages of the development of teacher skills to apply IBSE and IBSE levels (Trna, J., 

Trnova, E. & Sibor, J., 2012). This simple model describes the relationship (Table 2). 

 

Table 2   

Model of development of teacher skills for IBSE. 

Period of 

teacher 

training 

Main objective of 

teacher training 

Acquiring stage of 

skills for IBSE 

application 

Levels of IBSE with 

full teacher 

competency to apply 

Teacher training 

methods 

(examples) 

 

Pre-

service 

 

Initial 

professionalization 

(a) Motivation  

(b) Orientation  

(c) Stabilization  

 

(1) Confirmation 

(2) Structured 

The actual training 

using IBSE; video 

analysis;  practical 

application of IBSE 

in school practice 

Experience  with teaching 

In-

service 

Continuous 

professional 

development 

(d) Completing  

(e) Integration  

(3) Guided 

(4) Open 

Action research; 

design-based 

research 

 

This model can become the basic structure for a CPD programme. This will bring full 

competency to apply IBSE as a system of pedagogical professional teachers´ knowledge, 

understandings and skills:  
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(i) Knowledge and understanding: IBSE paradigms, objectives and levels.  

(ii) Skills:  

 Selection of appropriate contents  

 Transformation of contents into IBSE levels  

 Motivation   

 Observation and experimentation 

 Asking questions in accordance with IBSE 

 Implementation of action research 

 Applying ICT  

 Encouraging students in communication skills  

 Organization of student activities  

 Using a wide range of educational methods and aids  

 

DISCUSSION AND CONCLUSION 

Support of gifted students in science involves not only the identification of gifted 

individuals, but also the offer of appropriate educational methods. Motivation is a core 

factor of cognitive development of gifted students. Motivational development of science 

giftedness with connectivistic impulses is an important objective in the system of science 

teacher education. 
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Abstract: Science teachers’ self-efficacy is considered to be a central variable in order to 

predict science teachers’ classroom management, students’ self-efficacy beliefs and their 

achievement. Nevertheless there is an ongoing discussion about the appropriate sense of 

specificity of current instruments and also about their validity and reliability. A 

theoretically well grounded test instrument has been designed to measure physics teachers’ 

self-efficacy beliefs in the fields of “experimenting”, “analyzing and preparing physics 

contents” and “dealing with students’ conceptions”. For each of these fields two scales in 

the dimensions “planning” and “conducting” (physics lessons) have been developed. 

Results of pilot studies show by means of statistical analysis (CFA, correlation analysis) 

and qualitative methods (interviews, expert rating), that it is possible to develop an 

instrument for this level of specificity and indicate how items can be improved for the final 

test instrument. 

Keywords: self-efficacy beliefs, pre-service physics teachers, test developing, test 

validation 

 

BACKGROUND, FRAMEWORK, PURPOSE  

Teachers’ self-efficacy can be defined as “the teacher's belief in his or her capability to 

organize and execute courses of action required to successfully accomplish a specific 

teaching task in a particular context” (Tschannen-Moran, Woolfolk Hoy & Hoy, 1998, p. 

233). For our work we have used an even more specific definition describing self-efficacy 

as the perceived certainty to resolve a new or difficult issue successfully, even if some kind 

of resistance is encountered (Schmitz & Schwarzer, 2000, p. 13). Relevant characteristics 

of the construct come to the fore by the given definitions: teachers’ self-efficacy beliefs  

 describe a judgment of their own abilities, 

 concern difficult actions and 

 are task- and context-specific. 

Teachers’ self-efficacy has been studied in combination with many other variables. On the 

teacher’s side correlations between self-efficacy and a variety of constructs were found, 

including persistence, resilience, effort, goal setting, enthusiasm, commitment, 

instructional behavior, levels of planning and organization, open mindedness with regard 

to specific teaching tasks. On the learners’ side teachers’ self-efficacy correlates with 

achievement, motivation and students’ self-efficacy (Woolfolk Hoy, Hoy, & Davis, 2009).  

Mastery experience (i.e. own teaching experience) and vicarious experience (i.e. observing 

other teachers) are considered to be important sources for the development of teachers’ 

self-efficacy (Tschannen-Moran et al., 1998). In some cases first experiences in teaching 

seem to cause a “reality shock” indicated by decreasing self-efficacy beliefs (Woolfolk 

Hoy et al., 2009).  
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In the field of science teaching the Science Teaching Efficacy Beliefs Instrument (STEBI, 

Riggs & Enochs, 1990) is widely spread and used. However, „researchers have questioned 

the validity and reliability of existing measures“ (Tschannen-Moran & Woolfolk Hoy, 

2001, p. 784), including the STEBI and the SETAKIST-R (Pruski et al., 2013). 

Furthermore, “there are questions about the extent to which teacher efficacy is specific to 

given contexts and to what extent efficacy beliefs are transferable across contexts. In 

addition, the appropriate level of specificity in the measure of teacher efficacy has been 

difficult to discern“ (Tschannen-Moran & Woolfolk Hoy, 2001, p. 784). To the best of the 

authors’ knowledge an instrument that allows measurement of self-efficacy for teaching 

science on a more specific level is not available so far. However, such an instrument is a 

prerequisite for studying science teachers’ self-efficacy beliefs and the influence of these 

beliefs on their science teaching. Therefore Cakiroglu et al. (2012, p. 458) “echo the need 

for new or revised measure(s) that would reliably assess science teaching efficacy and its 

components.” The study at hand aims at developing a theory-driven, valid and reliable 

instrument that allows measuring efficacy for specific fields of planning and conducting 

physics lessons. 

Because of the difficulties mentioned above the main research question is the following: Is 

it possible to develop an instrument that allows measuring physics teachers’ self-efficacy 

beliefs for teaching physics while meeting the criteria of both reliability and validity? 

 

ITEM CONSTRUCTION, STUDY DESIGN, RESEARCH QUESTIONS 

In the scientific community there is a lively debate about the construct of pedagogical 

content knowledge in academic settings. One of the questions discussed is, how to 

operationalize this construct. Actually there is no consensus existing that concretely points 

out knowledge and skills students have to learn in science education courses. However, to 

identify relevant fields of physics teaching self-efficacy, standards for teacher preparation 

courses in Germany (KMK, 2010) and a document created by the science teaching 

research community (Korneck, Lamprecht, Wodzinski & Schecker, 2010) have been 

analyzed. Three fields of interest were chosen for item operationalization because they 

seem to represent a common denominator. Those fields are experimenting (ex), analyzing 

and preparing physics contents (pc) and dealing with students’ conceptions (sc). Each of 

these fields has been subdivided into the dimensions “planning” (p) and “conducting” (c). 

In order to represent the chosen self-efficacy definition (see above) we developed items 

presenting a first person point of view, describing actual behavior/ability that requires 

some effort or persistence and stating some kind of resistance or missing resource (barriers 

of action). These characteristics can be found in the following two item examples. 

• I have no difficulties to prepare appropriate experiments for my lessons although 

the school lab is not well equipped. (experimenting – planning (ex-p)) 

• I can stage an experiment comprehensively even if the experimental setup is rather 

complex. (experimenting – conducting (ex-c)) 

Obviously the operationalization is representing a certain level of specificity that is not 

intended to consider physics contents (such as mechanics e.g.). 

A questionnaire was developed and given to 84 German pre-service teachers. Each field 

was represented by 7 items in each of the two dimensions using a 1 to 4 Likert scale format 

(disagree/somewhat agree/strongly agree/fully agree). The questionnaire also included 

instruments to assess general self-efficacy (Schwarzer & Jerusalem, 1999), general 
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teachers’ self-efficacy (Schmitz & Schwarzer, 2000) and the subject related self-concept 

(adopted from Hoffmann, Häussler & Lehrke, 1998). 

Several pilot studies for validation and revision purposes have been arranged using 

quantitative and qualitative approaches. For pilot study 1 the newly developed scales have 

been statistically analyzed (CFA, ML estimation with Amos 18.0) and correlations to the 

other constructs have been examined in order to validate the construct at hand.  

In a second pilot study 18 experts for physics education have been asked to rate the 

adequacy and content validity of the scales (see questions below). For this a special 

questionnaire was compiled and experts’ answers were summarized by means of content 

analysis.  

In a third pilot study we conducted 21 interviews using the think aloud method to make 

sure that pre-service and beginning in-service teachers understand the items and do not 

consider them to be artificial. The interviews were recorded and partly transcribed. 

In summary the following questions are relevant for validation purposes in our studies:  

 Are the items understood the way they are laid out? 

 Did the item-operationalization succeed? Are the barriers of action perceived 

as authentic? Do the operationalizations distinguish selectively between the 

dimensions planning and conducting? 

 Are the chosen fields of teaching physics relevant and do the developed items 

fit to the fields addressed? Are all relevant aspects of these fields of interest 

covered by the developed items? 

 

RESULTS 

Pilot study 1 

For the confirmatory factor analysis (CFA) factor loadings >.5 and the following values for 

fit indices are considered acceptable: χ
2
/df<2.0, CFI>.95, TLI>.95, RMSEA<.08. Finally 

the cut off value for Cronbach’s reliability coefficient is αc=.6. According to this two of 

our six scales can be accepted (pc-c, sc-c). After excluding single items with regard to 

content adequacy or parcelling items highly correlated (r>.8) all of our scales meet our 

standards (see Table 1).  

Correlation analysis (Kendall’s Tau B is used here) shows that there are no relevant 

correlations between our physics teaching self-efficacy scales and the self-concept scale, 

which supports the idea of two different psychological constructs. Small correlations can 

be found between our physics teaching self-efficacy scales and the general self-efficacy 

scale (τ>.225, ρ>.295, α<.05), which corresponds to the fact that the same construct is 

measured on two different levels of specificity. Correlations between our physics teaching 

self-efficacy scales and the general teaching self-efficacy scale cannot be interpreted 

consistently. However, the fit values of the general teaching self-efficacy scale were not 

sufficient, probably because it has not been developed for pre-service teachers. Within 

each field of teaching physics there are medium correlations between the two dimensions 

(p, c) (τ>.404, ρ>.521, α<.05). This supports the relevance to distinguish between self-

efficacy in planning and self-efficacy in conducting a physics lesson.  
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Table 1 

Fit indices for the specified or revised models. 

Model 
Number 

of items 
χ² χ²/df p CFI TLI RMSEA αC 

ex-p 5 5.56 1.11 .351 .990 .980 .037 .70 

ex-c 6 11.46 1.27 .246 .954 .923 .057 .65 

pc-p 6 11.05 1.23 .272 .971 .952 .052 .71 

pc-c 7 11.77 0.84 .625 1.000 1.027 .000 .79 

sc-p 6 11.24 1.25 .260 .969 .949 .055 .72 

sc-c 7 16.96 1.21 .258 .975 .963 .051 .77 

 

A first look at the scale means (for validation purposes only!) shows that physics teacher 

students, who have already taken courses providing guided teaching experience, in average 

indicate lower self-efficacy on our scales than those asked before they took such courses 

(see Figure 1). For three of the six scales (ex-c, sc-p, sc-c) this difference is strongly 

significant, showing a medium effect (p<.006, d>.586; results of the t-test have been 

confirmed via Mann-Whitney-U-Test, as a non-parametric test). This seems to indicate the 

“reality shock” described in the literature and therefore indirectly supports the validity of 

our constructs. For more details see Rabe et al. (2012). 

 

Figure 1. Scale means before and after teaching experiences. 

 

Pilot study 2 

Experts judge our chosen fields to be relevant, however sometimes facets of the fields are 
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missing. The more or less theoretical determination to differentiate between the 

dimensions “planning” and “conducting” is generally recommended by the experts. At the 

same time it is criticized that not all of the items can be clearly attached to one of the two 

dimensions because of the verbalization. Experts further suggest using a standardized 

structure for item construction (“I can…, even if…”). 

Pilot study 3 

Some items prove to be imprecise and/or ambiguous for most of the interviewees. Few 

items are even seen as unauthentic mostly because of the barriers of actions used. 

Negations (“I have no problems with…”) and extreme phrases (“I always can…”; “In 

every situation I can…”) are overall discerned as problematic. In some cases interviewees 

allude that some items present more than one barrier of action. More advanced students 

show less difficulty in understanding the items. The used level of specificity (no reference 

to specific physics contents) is absolutely accepted. Normally suitable situations (theme- or 

content-specific) are associated. But associations often refer to the conduction of a physics 

lesson even if the item is intended to describe the planning of a lesson. 

 

CONCLUSION 

Referring to the main research question, especially the results from our statistical analysis 

of pilot study 1 are encouraging. It seems possible to develop an instrument fulfilling 

standards in terms of construct validity. The analysis (e.g. factor loadings) also helped to 

identify items that can be improved.  

More detailed information for item improvement is given by the two other pilot studies. 

After revision the items should not describe universal statements (“I can always…”) 

anymore and include only one single barrier of action. For a better understanding of the 

items all negations have been excluded and technical terms have been paraphrased. 

Furthermore items have been revised in order to clarify the distinction of the two 

dimensions “planning” and “conducting” a physics lesson. Especially planning aspects 

were stressed. The suggestion of several experts to standardize the item structure has been 

followed in order to improve readability. Although the reported steps should lead to a 

distinct improvement of the item comprehensibility it would be desirable to check the 

items with reference to the contemplated characteristics again. 

In general the chosen fields are evaluated by the experts as relevant. In some cases items 

were added to complete the scales. Nevertheless experts indicate the need of statistical 

analysis to confirm the one-dimensionality of the scales. Similarly experts consider the 

question to distinguish between efficacy beliefs concerning “planning and conducting”. 

Although this distinction seems to be theoretically reasonable the assumption should bear 

up against empirical testing. As many associations of the interviewees show (pre-service) 

teachers probably don’t distinguish clearly between planning and conducting a physics 

lesson when reading the items.  

 

OUTLOOK 

In the sense that validation is a “continuing process” (Messick, 1995, p. 741) the 

instrument will be piloted again after a major revision and undergo statistical analysis. 

Therefore a cross-sectional study (N=500) is planned within the framework of a 

dissertation. Confirmatory factor and correlation analysis as well as multi group and Rasch 
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analysis will be conducted to consider one-dimensionality of the scales, separation of the 

constructs and group invariance of the test instrument. Finally the results of all validation 

studies will be consolidated to an “argument of validity” (Kane, 1992). 

The instrument will be published as soon as further results are available. It is also planned 

to develop a short scale for assessing physics teaching self-efficacy on a less specific level. 
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Abstract: Scientific literacy is one of the main educational goals of science education 

worldwide and has been a guiding concept for the curricula reform in Germany. 

While being scientific literate entails an understanding about how science works, i.e. 

an understanding of methodological, historical, epistemological or social aspects of 

science, it has been shown that students and teachers alike often have naïve or not 

concrete conceptions about this topic. The study presented in this paper focuses on 

pre-service teachers in their role as multiplicators of new ideas and analyzes how their 

conceptions of ‘authentic chemistry’ develop during a course based on a reflective-

inquiry context. This context was chosen due to results from previous parts of the 

project which have shown that chemistry teacher students lack experience of authentic 

inquiry. Analysis of the data, which was generated in a multi-method approach, shows 

that the course was successful in developing students’ conceptions from a narrow to a 

broad view on how chemistry works as a science and chemists as scientists. These 

results are used to inform the design of a new module for chemistry teacher education. 

Keywords: Initial Teacher Education (Pre-service); Inquiry-based teaching; Authentic 

chemistry teaching 

 

INTRODUCTION   

Rationale 

In Germany changes in the school curricula were initialized after the first PISA results 

had been published as a response to the substandard results. The former science 

curricula, which were input-orientated and mainly focused on content knowledge, 

were criticized as lacking in authentic insight to current scientific questions and to 

scientific methods (Parchmann, & Kaufmann, 2006). The new curricula for the 

scientific disciplines, which have been obligatory since 2005, are based on output-

orientated standards and four competences areas (KMK, 2005; Schecker, & 

Parchmann, 2007): 'Subject knowledge' focuses on subject matter knowledge; 

'Application of epistemological and methodological knowledge' is based on inquiry 

skills such as developing research questions or planning of inquiries; 'Communication' 

contains evaluating information and presenting them; 'Judgement' relates to chemical 

issues in different contexts and asks the pupils to develop arguments and make 

decisions.  
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The competence areas reflect the main educational goal of school science (in 

Germany but also worldwide; Waddington, 2007), which is for students to become 

scientific literate (OECD, 2003). This encompasses knowing about the language and 

history of science, specific methods of gaining knowledge and limits of scientific 

knowledge (KMK, 2005) as well as “the nature of science as a human activity” 

(OECD, 2003, p. 134). These changes in the curricula can be summarized as the aim 

not only to know science but also to develop knowledge about science - with respect 

to epistemological, historical and social aspects as well as to scientific processes to 

generate knowledge.  

In contrast to this aim it has been shown that school students often have either not 

very concrete, mixed or naïve conceptions of science (Lederman, 2007; Deng, Chen, 

Tsai, & Chai, 2011). Similar results have been found in regard to teachers’ or teacher 

students’ conceptions (Lakin, & Wellington, 1994; Akerson, Morrison, & McDuffie, 

2006; Bruns, 2009). Even though the translation of teachers’ conceptions into 

classroom practice is influenced by several factors, e.g. pressure to cover content or 

institutional constraints (Abd-El-Khalick, & Lederman, 2000), the teachers’ 

understanding seems to be the most important one (Wahbeh, & Abd-El-Khalick, 

2013). This understanding of science needs to be transformed in order to be accessible 

to school students (Edelson, 1998; Reiners, 2000; Lee, & Butler, 2003). 

 

Project ‘Authentic chemistry and authentic science teaching’ 

Building on teacher students’ role as multiplicators of new ideas, our project focusses 

on pre-service chemistry teachers and aims to support them in authentic science 

teaching, i.e. in creating learning environments that portray how chemistry works as a 

science and chemists as scientists, which encompasses methodological, 

epistemological, historical and social aspects.  

The first part of the project revealed that pre-service teachers have not experienced 

authentic inquiry during their studies, thus they were not able to reflect on it and 

therefore have difficulties in transforming an adequate understanding into a practical 

activity (Schumacher, & Reiners, 2013). Inquiry teaching and learning has a long 

tradition in the science subjects. Research has shown that in order to develop an 

understanding about science, “doing” science is not enough but that it has to be 

coupled with a reflection about the inquiry experience (Khishfe, & Abd-El-Khalick, 

2002; Schwartz, & Crawford, 2006). 

Hence, the following study which is presented in this paper focused on evaluating the 

use of an inquiry context as a basis for reflection on chemistry as a science.  Two 

main research questions were pursued, of which only the first will be presented in this 

paper: 1) How do students’ pre-conceptions of relevant aspects of chemistry and 

processes of chemical research develop during a course combining inquiry and 

reflection?; 2) What kind of ideas and problems do teacher students have when 

transforming their conceptions into lesson plans? 
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STUDY ‘REFLECTING INQUIRY-BASED CONTEXTS’  

The study was conducted in a chemistry education course in winter semester 2012/13. 

Participants were thirteen chemistry teacher students (two students for lower and ten 

for higher secondary level) who were on average in their 8th semester, i.e. at the end 

of their studies
1
. The course lasted 13 weeks with two hours per week. 

Content 

The course was divided into three parts (Table 1): 

At first the teacher students conducted a guided inquiry (Bell, Smetana, & Binns, 

2005). The topic was given by the course leader and two inquiry questions were 

developed in coordination with the students. The laboratory groups, each consisting of 

two participants, selected the procedures to carry out the investigation and to answer 

the inquiry question themselves. At the end the investigations were presented and 

discussed with the whole group. 

 

Table 1 

Overview of content of the chemistry education course. 

Week Part Content 

1 Introduction 

2 

1. 

Inquiry-based laboratory 

Inquiry questions, first ideas 

3 Conducting developed experiments 

4 
Conducting developed /revised experiments 

5 

6 Presenting inquiry, discussion 

2. 

Examining different 

perspectives 

7 Reflecting inquiry experience 

8 Reflecting authentic research case studies 

9 
Reflecting methodology of chemistry, developing 

categories 

3. 

School perspective 

10 Competence areas, scientific literacy 

11 Presenting and discussing example lessons I 

12 Presenting and discussing example lessons II 

13 Reflect/ Course evaluation 

 

In the second part the students reflected on their inquiry experience from different 

perspectives, starting with comparing and discussing their individual experience 

during the first part. Next the participants read and discussed several authentic 

research case studies which were generated in previous parts of the project (see 

Schumacher, & Reiners, 2013) as well as readings presenting an epistemological 

perspective. During this part of the course the participants generated a chart 

portraying aspects of authentic chemistry, which was continuously evaluated and 

extended. 
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As a third and last part of the semester this chart was connected to the school 

curriculum, in particular the competence areas, in order to find overlaps between 

aspects of authentic chemistry and aspects relevant for the subject chemistry in 

schools. Subsequently the students developed and discussed ideas for activities or 

lessons which address these overlaps.  

 

Methods 

Since it was an in-depth qualitative study, a multi-method approach was chosen in 

order to validate the obtained results from different perspectives (Figure 1). 

 

Figure 1. Overview of course with the three main content parts (blue rectangles) and 

research tools (orange rectangles); portfolios and interviews (dark orange rectangles) 

were gathered from six students as participants of in-depth study. 

 

At the beginning and the end of the course all of the students filled out an open-ended 

questionnaire, developed by the authors, about their experience with different kind of 

experiments (cook-book or inquiry-orientated) as well as their understanding about 

processes in and characteristics of chemistry in order to assess their pre-conceptions. 

During the semester six of the students, who agreed to participate in the in-depth 

study, wrote a portfolio as a means to reflect the course as well as to find out possible 

changes in their conceptions. Two months after the end of the course semi-structured 

interviews were conducted (recorded and transliterated afterwards) with these six 

students to assess their post-conceptions. 

Apart from validating statements from the portfolios, the interviews could be used to 

check the sustainability of the students’ understanding. Additional materials, mainly 

used as a means of triangulation, were artifacts produced by all of the students during 

and as preparation for the course lessons (e.g. notes taken during group work, mind 

maps or blackboard drawings) as well as field notes taken by a participatory observer 
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who kept track of the communication within the course i.e. of comments made by the 

students during presentations or discussion. 

The questionnaires as well as the chart which the teacher students developed during 

the course were taken as a basis for analysis. The portrayed aspects of chemistry were 

compared with the qualitative content analysis (Mayring, 2002)² of the other obtained 

material. This analysis focused on the questions if and how aspects appearing in the 

questionnaires and chart were reflected in the other forms of data. 

 

Results  

Pre-conceptions  

In the beginning of the course the students described ways of gaining knowledge in 

chemistry as a more or less linear procedure (Figure 2). 

 

Figure 2. Common pre-conceptions. Aspects in dashed lines were stated only by some 

students. 

 

Common pre-conceptions were that starting points for research are problems or 

questions, after which hypothesis or theories or assumptions are developed and tested 

with experiments. As a result of the process of gaining knowledge, falsification and 

verification or confirmation are mentioned. Theories were the only kind of “product” 

(i.e. form of knowledge) stated by the students. 

Uncommon pre-conceptions were observation or theory as starting point for research, 

exchange with others, recording results, models, previous knowledge and 

interpretation of results. 
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Development of conceptions  

After the first part of the course the students reflected their own inquiry experience. 

The diagrams created by each laboratory group were different as they represented 

their individual experience during the guided inquiry, but they also showed several 

similarities. The portrayed processes were not linear but complex and iterative. 

Common aspects were: Literature research, and validation/ check of results (all 

groups), planning/ list of materials, discussion/ agreement, problems/ problem-

solving, evaluation/ examination of results (most groups). The diagrams differed in 

regard to the occurrence of iterative loops. Moreover, the aspects ‘hypotheses’ and 

‘presentation/ discussion’ were included only by a minority of the groups.  

In the following weeks these diagrams were used to generate a chart portraying 

various aspects of authentic chemistry by comparing the individual inquiry experience 

with other perspectives. At the end of part two the students developed categories to 

structure these aspects. As displayed in Figure 3, these categories were a) experiment; 

b) factors of influence (e.g. ethics, funding, interdisciplinary input); c) reasons for 

undertaking inquiry, which can be divided into a personal and a factual level (e.g. 

motivation and creativity vs. theory, problem or chance observation); d) consequences 

of inquiry (e.g. presentation, discussion with others, rejection or approval).  

 

 

Figure 3. Summary of students’ post-conceptions. On the left: Categories and their 

interrelations; on the right: category ‘Experiment’ in detail (interrelations with aspects 

from other categories are omitted) 

 

The category ‘Experiment’ describes processes in chemical inquiry. As Figure 3 

displays, the included aspects are various and have numerous interrelations. 

Interestingly, the aspect ‘observation’ was not added to the chart until after the 

reflection on epistemological perspectives. These aspects also have several 

interrelations with aspects from other categories, for example between 

interdisciplinary input (category ‘factors of influence’) and inquiry questions as well 

as ideas and hypotheses. 
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Table 2 

Range of development of conceptions. All of the quotes were translated by the author 

from the original source. 

Category 

Development  
Example Source  

Awareness “They was nothing really new, I would say that I 

wasn’t aware of it before.”   

post-questionnaire 

Patrick 

Extended view 

“I think I knew a bit about every aspect, but only after 

the course I’m aware of how extensive, important and 

complex the particular aspects can be.” 

post-questionnaire 

Stefan 

“The course widened my view that research is more 

complex and that science always happens in a social 

context.”   

post-questionnaire 

Niklas 

Novel view 

“I hadn’t dealt with this topic before so almost 

everything we talked about in the course was new for 

me. Without the course I would have touched the topic 

only briefly and marginally in school.” 

portfolio Sam 

 

The development of the students’ conceptions of relevant aspects of chemistry and 

processes of chemical research ranged from awareness over an extended view to a 

novel view. This is illustrated in Table 2 with quotes from the students. 

 

DISCUSSION AND OUTLOOK  

The results show that the course was effective in stimulating students’ reflections 

about their conceptions of chemistry and processes of chemical research. The 

students’ pre-conceptions resemble the linear way science is often portrayed, for 

example in school books (Abd-El-Khalick, Waters, & Le, 2008; Marniok, 2013). 

During the course aspects which were only stated by individual students became 

common post-conceptions, e.g. observation or theory as possible starting points for 

inquiry or the role of exchange with others, previous knowledge or interpretation of 

results. Even though the individual range of development differed to certain degrees 

(see Table 2), most of the students extended their views. The processes in chemistry 

were portrayed in a more complex and cyclic way. The students realized that 

scientific inquiry is influenced by and also influences several other aspects relevant 

for chemistry as a science, e.g. they became aware of the importance of presentation 

and discussion of inquiry results and that new knowledge is not created by one person 

but is negotiated within a scientific community. 

It seems that reflections on self-conducted inquiry can serve as a basis in order to gain 

knowledge about chemistry, but these reflections also have to be expanded and 

aligned with other perspectives for an authentic view on chemistry. 

For most of the students it was their first “real” inquiry experience, consequently it is 

a valuable addition to course elements which can initiate reflection and were already 

evaluated in the first part of the project (Schumacher, & Reiners, 2013). Collectively 

these findings are going to be used to design a new module in chemistry teacher 
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education which - based on the idea that “one course is not enough” (Akerson, 

Morrison, & Roth McDuffie, 2006) - will challenge teacher students’ conceptions in 

different contexts and will offer several structured opportunities for practical 

transformation. 
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NOTES 

1. All of the students were studying to accomplish a state exam teaching degree. They 

have to study two subjects (with content and education courses) as well as general 

pedagogy for teachers. At the University of Cologne 14 weeks of school internships 

are mandatory (4 at the beginning and 5+5 at the end of the studies). The average 

period of study for a higher secondary school degree is nine semesters, for a lower 

secondary school degree seven semesters. For an overview of the German education 

system see Risch (2010). 

2. For the qualitative content analysis a mixed deductive and inductive procedure was 

chosen (Mayring, 2002). For the deductive approach the category system developed 

in previous parts of the project (Schumacher, & Reiners, 2013) was used. For both 

approaches the textual material was worked through independently several times by 

two researchers with consolidation after each round.  
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Abstract: This paper aims at discussing contributions of modelling-based teaching activities to 

improve pre-service Chemistry teacher’s (PST) knowledge mediation and social construction of 

Science. Data was collected in a classroom (27 pre-service Chemistry teachers) of an under-

graduation discipline, called "Instrumentation for the Chemistry Teaching II", at a Brazilian 

University. Activities were designed to discuss modelling proposals on Thermochemistry, 

emphasizing aspects related to energy exchange during chemicals processes. In such activities, 

the pre-service Chemistry teachers were challenged to consider not just their own models – most 

of them in accordance with the scientific perspective –, but also students’ common ideas, 

reported from High School classroom studies. In this paper, we considered the written answers of 

pre-service Chemistry teachers in one of the proposed questions at the end of discipline. Thus, 

PST were invited to consider the modelling activities to discuss how to overcome some High 

School students’ difficulties in Thermochemistry. Models construction process experienced by 

PST was analyzed in light of the Vygotsky’ Historical-cultural approach. Modelling activities 

and the models produced during classroom discussions are considered as important tools for 

teachers, used in the mediation process of knowledge construction and legitimation of Science in 

classroom. We concluded that such activities improved pre-service Chemistry teachers to 

mediate the scientific knowledge, as they had to consider multiples points of view in the 

discussion. They also improved their understanding of scientific perspective, as they were called 

to express their positions faced Chemistry’s theoretical assumptions. However, we found some 

epistemological obstacles, related mainly to a naive realism, in which scientific models were 

seen as an expression of truth and not as a social and human construct. Finally, the activities of 

modelling can favour an important dialogic interaction among students and teacher, besides 

allowing a more adequate understanding of models used in Science and its limitations. 

 

Keywords: Pre-service Chemistry teacher, Modelling-based teaching, Science education, 

Historical-cultural approach. 

 

 

BACKGROUND AND JUSTIFICATION 

Chemistry pre-service teacher action: prospects and challenges for teaching 

Considering some studies in Teacher Education field, it is desirable that Science' teachers have 

opportunities to experience strategies that enable students to think about solutions that address 

scientific knowledge construction. According to Schön (1983), in their formative practice, 

teacher should develop: (i) knowledge or know-how in action; (ii) reflection in action, about 

situations that require decision-making; and (iii) reflection on the action, allowing a more 

detailed activities’ analysis, to eventually reformulate teaching strategies and interventions. 
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Thus, an under-graduation discipline in Chemistry course must provide teaching experiences that 

encourage the reflection about knowledge mediation, questioning how to teach specific subjects 

about Science in classroom.  

It is desirable that pre-service and in-service Chemistry teachers seek to articulate their practices 

teaching strategies that enable students to cope with the complexity of everyday problems. 

Teachers would be able to establish a relationship of intense exchange in classroom. According 

to Tardif (2002), the understanding that: 

[…] teaching practice does not occur on an object, of a phenomenon to be known or a 

work to be produced. It is realized concretely among interactions with other people, in a 

context where the human element is crucial and dominated by symbols, values, feelings, 

attitudes, which are subject to interpretation and decision [...]. (Tardif, 2002, p. 49-50) 

Regarding the knowledge coming from experience, Tardif (2002) points that it is not like the 

others. This knowledge is formed by all the others, "but 'retranslated', 'polite' and submitted to 

build certainties in the practice and experience" (Tardif, 2002, p. 54). The interaction, mediation 

and negotiation are important means to pursue new understanding levels about Chemistry' 

practice in classroom. It is important to stand out that collective reflections need a direction and 

may be mediated by teacher or researcher with the perspective of pedagogical innovation. 

Tardif (2002) points out that teaching performance in early career constitutes a challenge to 

establish professional identity at this time. Over the years, teachers experiences bring certainty 

and the ability to think on their practices, considering different situations experienced in this 

process. Teachers build their learning and thus greater articulation and domain awareness their 

work.  

Perrenoud (2002) point that pre-service teachers, as a critical and reflective professional, are of 

great importance for a society in constant transformation, considering that requires the 

development of skills essentials to teaching, such as ability to innovate, articulate and negotiate 

new knowledge in context of collective construction. 

In this sense, it is important that pre-service teachers engage with the proposed activities in the 

classroom, assuming such holder will be subject, as someone who wants to learn and favor 

student participation in the process of meaning-making (Roychoudhury & Rice, 2013). And to 

awaken this desire for learning, it is essential that challenging activities are discussed so that they 

can interact dynamically, seeking to build a critical and reflective knowledge. Therefore, 

Chemistry' teachers have opportunities to experience this process at under-graduation discipline. 

They have the possibility to put into practice activities that dialogue with this perspective when 

they are mediating the scientific knowledge in classroom. Do not just knowing certain scientific 

subject and "explain it" to students. It must be know how to teach the content, seeking to engage 

students in the teaching proposal. 

Paro (2010) highlights the importance of teacher manifests as acting ability and capacity to 

influence change in the behavior of others. In this case, there is influenced the exercise of their 

own role as a teacher who has certain skills and apply didactic teaching practice. But also 

manifest in the fact that the whole process of education is related to a learning process for him. 

Teachers learn as you teach, be strengthened its intellectual attributes. However, the most 

important action is teachers’ abilities to influence the actions of students, opening space for 

dialogue in the classroom and the collective construction of scientific knowledge, as presented 
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with the social models’ construction activities discussed in light of Vygotsky’ Historical-cultural 

approach. 

 

Models and modelling-based teaching as mediation: a Historical-cultural 

approach 

According to Vygotsky’ Historical-cultural approach, knowledge can be considered as a social 

construction that emerges from human activity, which must be instrumental. This means being 

subject to creation mediational tools to carry it on or using existing ones, such as various cultural 

artifacts available to knowledge’ mediation. For Vygotsky (2009), thought is formed and 

expressed through cultural tools – signs, such as words, models, images, gestures etc.  From this 

perspective, all knowledge is socially constructed and mediated in the context of human 

relationships established in the ongoing meaning-making interactions of classroom teaching and 

learning (Scott, Mortimer, & Ametller, 2011). 

Vygotsky (2001) point that world understanding has meaning for the individual because initially 

it had a meaning for others. The act of knowledge acquisition is a social and historical process, 

not an individual phenomenon and natural. To consider that the real can be known only as a 

representation is equivalent to point that knowledge represents a semiotic’ process, so that 

function of sign is favor abstraction and generalization. In Science context, the various models 

designed to predict or explain some phenomenon, can perform this function in the process of 

knowledge construction. 

Bakhurst (2007) points out that teacher should be encouraging students to develop a critical 

appreciation, regardless of the subject studied. The Science Education is not represented to the 

ready and direct assimilation (pseudo knowledge). It represents the development of critical 

questioning and reflective for the construction of new knowledge. 

The importance of models in social construction of knowledge had been discussed by scientists, 

Science philosophers, psychologists, linguists, educators and others (Justi, 2009). Currently, the 

most accepted view is that models represent an idea, object, event, system or process. Models 

were created with a specific goal (Gilbert, Boulter, & Elmer, 2000). 

In an attempt to understand the nature, man build models that represents situations and 

manipulates them in order to think, plan and try to explain many processes. Thus, models are 

always present in the process of scientific knowledge construction. 

Several studies had shown that models used in science teaching aim to promote the students’ 

knowledge social construction (modelling process), contributing to meaningful learning 

development. Among the studies related to Science teaching research, we highlight Barab, Hay, 

Barnett and Keating (2000), Buty and Mortimer (2008), Maia and Justi (2009), Mendonça and 

Justi (2011, 2013), Gobert and Buckley (2000), Halloun (2004), Gilbert (2004), Souza and Justi 

(2010, 2011, 2012). Some of these studies show that the success of this approach is due to 

students’ participation in the knowledge construction and also their (mis)conceptions are 

effectively taken into account. 

Thus, modelling-based teaching activities can allow pre-service teachers to learn about scientific 

knowledge construction, given that one of the most important scientific practices is to build, test 

and validate models. Moreover, the construction and use of models represent the basis of 
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scientific research process (Justi, 2009). Understanding the relevance of modelling means to 

learn the foundations upon which scientific knowledge is developed (Gobert & Buckley, 2000; 

Halloun, 2004). Scientific models have functions of great importance, such as: (i) to improve 

visualization of abstract entities; (ii) to facilitate communication; (iii) to describe processes; (iv) 

to simplify a theory or a series of data (empirical or not); (v) to support the proposition and 

interpretation of experiments; and (vi) to support proposition of explanations and predictions. 

Based on such assumptions, this paper discusses results of a research conducted in the discipline 

“Instrumentation for the Chemistry Teaching II”, present in Chemistry course. To develop this 

research, we applied a didactic sequence of modelling-based teaching activities about 

Thermochemistry. In such activities, pre-service Chemistry teachers were encouraged to propose 

models to represent chemical changes and explain scientific phenomena associated with 

Thermochemistry content (exothermic and endothermic processes). 

To present an explanation in Science, it is necessary to make use of theories and models that 

relate themselves with knowledge tools. In this sense, scientific models seek to explain 

satisfactorily phenomena of nature and not reproduce them accurately, whereas they represent 

only a limited approximation of real. It is possible to infer that models join with others 

mediational tools as an essential element of the Science practice (Morrison & Morgan, 1999). 

Regarding building models process, Justi and Gilbert (2002) proposed a scheme, known as 

Model of Modelling Diagram (MMD). This diagram summarizes some of keys stages that 

underlie the Scientific’s knowledge construction (Figure 1). Justi (2010) presents these four 

stages of the model building process, and each has the reciprocal influences. It can be verified by 

double arrows which compose the Figure 1. 

 

 

 

 

 

 

 

 

  

Figure 1. Main stages related to the process of building models (Justi, 2010, p. 223). 

 

After developing the model to describe a particular phenomenon, students socialize its ideas 

discussed and represented in group. Thus, others students can evaluate the model proposed, 

validating or not through recognition your application in other contexts. In Science, this stage is 

so relevant, as it corresponds to the model disclosure by the scientific community, which 

contributes with new knowledge to an elaboration end of it. 

Models Elaboration 

Models Expression 

Models identification of the scope 

and limitations 

Models running test  
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It is important to realize that all models have limitations. These limitations are related with 

linguistic or operating in a form to describe verbally and express the main idea. Thus, models are 

essential for the construction and legitimation of scientific knowledge. Besides being part of the 

fundamental structure of Science, the act of explaining and representing some process favors the 

development of skills that go beyond the knowledge of this area. 

In teaching activities based on social building models, students’ engagement is essential so that 

they can take ownership of scientific knowledge (Justi, 2009). Thus, the communication’s model 

built in classroom group is a socialization process that causes this involvement. It is the time 

when students should submit their ideas and support for evaluating knowledge produced, 

improving the scientific argumentation (Mendonça & Justi, 2013). 

After identifying the various models produced in class, the teacher should not simply sentencing 

models as correct or incorrect, but seek to present new insights that may oppose the 

inconsistencies observed, allowing students to reflect on their ideas through proposition 

experiments. When students reach a consensual model, which may not be the curricular model 

(the one you want to learn), it is important that the teacher seeks to mediate, so instructional 

presentation of this curricular model. It is desirable that all the models produced by students and 

the process experienced by them is legitimate and valued, emphasizing the representations 

proposals, their scopes and limitations. In this context of social interaction in the class, teacher 

will present the curricular model or elements not represented in models proposed by students. In 

modelling activities are presented information, representations or ideas that would be 

fundamental for models built during dynamic interaction. 

According to Maia (2009), as students participate actively in these activities, they can assimilate 

important scientific skills to articulate principles of Science and use practices essentials to this 

field of knowledge. And such activities could provide a better understanding on the construction 

of Science and why still use models that apparently were overcome throughout history, 

concluding that they form one of the cornerstones for the development of new theories (Souza & 

Justi, 2012). 

 

THERMOCHEMICAL ACTIVITIES IN AN UNDER-GRADUATION 

DISCIPLINE OF CHEMISTRY COURSE AND RESEARCHES 

QUESTIONS 

This paper aims to examine the influence of teaching activities which involves the social 

construction and testing of models (modelling) in an under-graduation discipline of Chemistry 

course, considering the interactive dynamics that can foster these activities in classroom (Buty & 

Mortimer, 2008).  

The theme of this study relates to explanation of the energetic processes involved in chemicals 

changes. The choice of theme and relevance to the field of Science education research is related 

to that difficulties faced by students in learning Thermochemistry and some concepts related 

(Aguiar Jr, 1999; Boo, 1998; Coelho, 2009; Hesse & Anderson, 1992; Sreenivasulu & 

Subramaniam, 2013). It is highlighting abstract concepts such as heat, temperature and bonding 

energy. These concepts do not seem to be easily understood outside of a procedural and dynamic 

interaction, as in cases involving chemicals changes. Thus, it is believed that modelling process 

Strand 13 Pre-service science teacher education

2487



can favour representation and understanding of fundamental aspects related to thermochemical 

processes. 

This research focuses on how pre-service Chemistry teachers develop an understanding of 

scientific knowledge and the processes of teaching and learning related to Thermochemistry, 

from modelling activities. Activities will be held analyzed considering Vygotsky’ Historical-

cultural approach. Research questions are: (1) What are the contributions of modelling-based 

teaching activities in pre-service Chemistry teachers’ development?; and (2) How can such 

activities improve the abilities of pre-service teachers to mediate learning processes in 

Chemistry topics?  

 

RESEARCH DESIGN AND METHODOLOGY 

Data were gathered by a written evaluation to 27 pre-service teachers (PST), in an under-

graduated discipline of Chemistry course called Instrumentation for the Chemistry Teaching II. 

This evaluation had six questions related to Thermochemistry possibilities of mediation scientific 

knowledge in classroom. In this paper, we present the analysis of an issue evaluation in which 

pre-service Chemistry teachers were confronted with a challenging situation drawn from the 

High School classrooms. 

The teacher of Instrumentation for the Chemistry Teaching II and responsible to implement the 

teaching sequence is one of the authors of this paper. All activities in classroom were video 

recorded. However, we will focus on written data obtained in a final assessment of the discipline. 

PST were asked to evaluate the use of modelling as a strategy to address High School students’ 

ideas and understandings about energy transfers in endothermic and exothermic processes. 

Concerning to modelling-based teaching activities, pre-service Chemistry teacher used everyday 

objects, such as: polystyrene beads, modelling clay, toothpicks and crayons. This objects can 

foster models elaboration for explain the issues presented by the students who were learning 

Thermochemistry, as proposed in the evaluation. 

During activities’ discussions, models were constructed. Through models socialization, it was 

reformulated so that could have attributes closer to the scientific model used to explain the 

observed phenomena. It is important to note that models created represent mediational tools used 

same scaffolding in the construction of scientific knowledge. 

Data was transcribed and analyzed by authors of this paper in a peer validation process. 

Categories were created for the answers in order to enable the establishment of relationships 

between pre-service Chemistry teachers’ ideas that evoked the mediation of teaching process and 

modelling activities performed in classroom. 

 

FINDINGS AND DISCUSSIONS 

Considering the modelling-based teaching activities discussed in classroom and the problem 

presented in final evaluation, PST answered the following questions: (1) How the use of objects 

in model construction (modelling process) promoted the proposition of explanations for 

exothermic and endothermic chemical processes?; and (2) What are the advantages and 

disadvantages of models to explain Thermochemistry processes? 
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Regarding the first question, twelve PSTs said that objects helped to foresee the breaking and 

formation of chemicals bonds and the energy transfers in this process; eight PSTs recognized that 

they favoured the development of dynamic and interactive classroom activities; four PSTs 

indicated that they help to explain thermochemical aspects, including the most abstract ones. As 

an example, we have the PST answers: 

PST-1: The use of objects available for the model construction enabled a dynamic interaction in 

classroom, with the active participation of students and, especially, to allow learning the 

Science construction. Then, it was possible that students built the model, judged how it 

explained the thermochemical processes and, if necessary, redesigned the initial idea. 

PST-3: The models allow an approximation of the reality and favour an explanation about what 

occurs in the formation and breaking chemical bonds […]. 

PST-12: [...] considering the endothermic and exothermic chemical processes, one of the 

students' difficulties is related to thinking about heat as a kind of matter, that’s to say, 

heat can leave the system if its cools, or enter if its heats. The use of everyday objects 

(polystyrene beads, clay, sticks, crayons), allow a more effective visualization and 

explanation of thermochemistry processes. 

Three PSTs pointed out that using available objects was possible: (i) represent some kinds of 

bonds formed (single or double), (ii) represent the process of building models, which are 

important tools for knowledge mediation in chemistry teaching and learning, and (iii) explain the 

partial and limited thermochemical processes studied.  

Considering the second question investigated, PSTs presented advantages and disadvantages of 

models used to explain thermochemical processes. On the advantages, nineteen PSTs claimed 

that models facilitated macroscopic visualization of breaking and forming chemicals bonds, 

which may simplify the understanding of energy involved in chemicals processes. About 

disadvantages, twenty PSTs highlighted limitations to explain some aspects of thermochemical 

processes, noting that models do not faithfully express reality. Others four PST expressed that 

models allow inaccurate generalizations and reinforce misconceptions among students. Three 

PSTs did not presented any disadvantage. As an example, we have the following answers: 

PST-5: Models are important artifacts to demonstrate the formation and breaking of chemical’s 

bonds and describe thermochemistry phenomenon. However, the use of models only is 

not sufficient to explain all details involved in this chemical’s change […]. 

PST-11: Advantages: It can favour the students’ understanding chemicals changes and support 

apprenticeship’s process. Also, it can promote interaction between students and teacher. 

Disadvantages: every model has some limitations that should be consider. Hence, the 

teacher mediation is very important to discuss these limitations in classroom. 

PST-26: […] If students ideas are not properly discussed by the teacher, such models may 

favour them [students] to develop misconceptions, which is a disadvantage of model’s 

use. 

Following, it was presented to PSTs the following problem situation, as previously reported: 

When the student tells the teacher "[...] you told us in previous lessons that exothermic process 

heat is released to the environment. But this cannot happen, considering that the system was 

warmed. If the heat had been released to the environment, the system would have been cold, 

considering that heat went out of him ". Then, two questions were presented seeking 
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understanding how PST will articulate some forms of scientific knowledge’ mediation using 

models. These questions were: (1) What would be the best way to help student doubt to rephrase 

the idea presented?; and (2) Does models can help in the process of conceptual reformulation? 

Considering the first question proposed, twenty one PSTs highlighted the importance of teacher 

mediation, trying to explain the relationship between the system, neighborhood and heat. 

According to them, this clarification could help avoid a heat matter understand related to 

thermochemical processes. This matter heat´ vision, very common among students relate easily 

to the idea of heat that enters and leaves the system, is marked by an idea material of heat. This 

being something physical that transits by different bodies. So it becomes essential to the teacher 

mediate this relationship with students, allowing them to understand, by means of models and 

further explanations. In addition, three PSTs have suggested use complementary resources 

mediational models, such as thermochemical charts, drawings, animations etc. Finally, three 

PSTs proposed the following actions: (i) seek to build the concept of heat together students, (ii) 

explain the process of breaking and formation of chemical bonds, without using models and (iii) 

establish, by means of the models, the process of breakage and formation of chemical bonds. It is 

important show that nineteen PSTs believed that models can influence the process of social 

construction. And eight PSTs believed that the models do not help in this process, requiring only 

a theoretical explanation by the teacher. 

Results point that modelling activities articulated in undergraduate PSTs classroom can promote 

understanding of scientific knowledge construction and models limitation. Furthermore, this 

process of social construction encouraged critical evaluation of such models and their application 

on chemicals contents. 

 

CONCLUSIONS AND IMPLICATIONS FOR SCIENCE EDUCATION 

The introduction of PST in building models activities may allow the development of knowledge 

related to specific content and teaching of Science through their own models created and debated 

in groups. In addition, they may be able to evaluate such models, developing a critical potential 

related to use in teaching and Science, taking the opportunity to understand the construction of 

them (Justi & Gilbert, 2002). 

Social construction of models (modelling activities) have been quite promising as a teaching 

methodology that is consistent with Vygotsky’ Historical-cultural approach and concerns for 

contemporary Science Education. In this context of apprenticeship, it is important consider that 

students are actively engaged in the social construction of new knowledge, always mediated by 

the teacher. And models were used in classroom as a mediational tools to explain the 

thermochemistry processes. Thus, models can improve visualization of abstract entities, as 

energy exchange in chemical changes, and explain break and formation of bonds in these 

processes. 

During interaction established in the modelling activity, PST presented their ideas in classroom 

for evaluating knowledge elaborated, improving the scientific argumentation with discussions of 

models produced (Mendonça & Justi, 2013). 

Summarizing, models developed in small groups may represent important tools in mediation 

process of scientific knowledge by PST, allowing recognize the challenges inherent to the 

process of collective construction and legitimation of Science. Furthermore, this modelling 
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activity can develop in PST the ability to innovate, articulate and negotiate new knowledge in 

context of collective construction (Perrenoud, 2002). 

It is important to point that the process of learning about teaching abilities allows the 

construction of Science, considering that one of the most important activities of the scientists is 

to build, test and validate models. In this context of knowledge legitimation in classroom, is 

important to consider that construction and use of models represent a cornerstone of scientific 

research (Souza & Justi, 2012). For understand the scope and relevance of this process is 

necessary to know and recognize the basis on which develop the scientific knowledge (Gobert & 

Buckley, 2000; Halloun, 2004; Morrison & Morgan, 1999). 
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STUDENT TEACHERS WRITING 
SCIENCE STORIES: A CASE STUDY 
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Abstract: In the following, we will present a few case studies of stories for science 
education. These were prepared by student teachers at the end of an elective la-
boratory course (16 hours) that focused on stories and followed the mandatory 
Fundamental Physics and Laboratory course (50 hours) at the University of Mo-
dena and Reggio Emilia. Both courses are based upon structures of figurative 
thought used in everyday language that even young children make use of. The 
structures referred to are found in the Force Dynamic Gestalt of natural forces 
such as heat, water, wind, electricity, chemicals, or motion. Cognitive linguists 
have identified image schemas which can be projected metaphorically upon par-
ticular phenomena, which then generate abstract concepts. The same structures 
figure prominently in the formal science of physics, allowing us to apply the pow-
er of natural language and narrative forms of science to comprehending nature. 

In this paper, we will investigate the hypothesis that allowing student teachers to 
write science stories for primary school is analogous to physics students creating 
and executing experiments. Although the results of this study may be qualitative 
and limited to a few stories, they demonstrate that story writing is indeed a power-
ful tool for professional development. Moreover, they support the notion of the 
narrative character of science teaching and learning. They open new perspectives 
for science curricula for primary school and an interdisciplinary approach to 
learning science and language. 

Keywords: primary school teacher training, narrative science, stories for science 
education, force dynamic gestalt 
 
INTRODUCTION 
Teaching science to children in primary school and to student teachers are deeply 
related challenges. In order to make the training of primary school teachers more 
effective, we need to consider how a child’s mind approaches nature. In the early 
years of primary school, children have not yet mastered reading and writing and 
cannot rely on the usual tools of literacy. They have a mythic understanding 
(Egan, 1988) which is similar to that of people in oral cultures who grasp their 
world in terms of gestalts of forces of nature. 

Fuchs (2007) has identified a basic gestalt (called Force Dynamic Gestalt or 
FDG) that is based on cognitive linguistics (Croft & Cruse, 2004; Evans & Green, 
2006). This is a foundation for scientific understanding derived from mythic cul-
ture. It is structured mainly in terms of three schematic aspects used for under-
standing complex psychological (fear, happiness, pain), social (justice, the mar-
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ket), and natural phenomena. By metaphoric projection, these schemas lead to 
fundamental abstract concepts that can be applied to explain (natural) phenomena: 
fluid substance, vertical scale, and force or power. The image schema (Johnson, 
1987) of fluid substance leads to the notion of an amount or quantity and is related 
to the scientific concept of extensive quantity. The image schema of (vertical) 
scale structures intensity and corresponds to the scientific concept of intensive 
quantity or generalized potential (it is derived from the perception of polarities). 
Finally, the schema of force summarizes various simpler schemas of direct ma-
nipulation (Lakoff & Johnson, 1980; Talmy, 2000) and is related to causation and 
the scientific concept of energy. 
In addition to these three basic aspects, there are other image schemas in the struc-
ture of the FDG. In physics and chemistry, each of the gestalts of forces (fluids, 
electricity, thermodynamics, gravity, linear and rotational motion, chemistry) 
obtains its proper extensive quantity (volume, electric charge, entropy, mass, 
momentum, spin, amount of substance) that accumulates in containers (materials, 
bodies); the quantity flows through the boundaries of the container driven by a 
negative difference of the conjugate generalized potential (pressure, voltage, 
temperature, gravitational potential, velocity, angular speed, chemical potential); 
the scientific concept of capacitance relates to the way in which the potential 
increases when the extensive quantity accumulates in a container; and resistance 
relates to the way in which the potential difference grows in order to increase a 
current. In this framework, science education consists of helping children to 
recognize, differentiate, and apply the various aspects and schemas of a force. 
Basing conceptualizations of natural processes upon image schemas in general 
and upon the figurative structures of the FDG in particular, is expected to provide 
a solid grounding for primary school science (Fuchs, 2013a; Corni, 2013a). It al-
lows for a direct approach to a narrative form of science education suitable for 
young children. Stories are therefore a good tool for teaching science to young 
children (Corni, 2013b). 

If student teachers learn to apply good natural language to the gestalt of forces and 
if they are reassured that they possess the power of thought reflected in that lan-
guage, they will become inclined to believe in their ability to be good narrators of 
things happening in nature. In stories, the story schema (Mandler, 1984; Egan, 
1986, 1988), underlying narrative understanding, combines with the character 
schema of the gestalt of natural forces (wind, fire, water, chemicals, light, food, 
motion, etc.) to create a world easily understood by children of various ages 
(Fuchs, 2013b). Children who are learning to think and speak about human af-
fairs—thereby combining the structure of story schema with a feeling for the 
characters of social and psychological forces—are expected to learn about and 
understand the characters of natural forces. 
In stories for the youngest children, we start by putting emphasis upon the story 
schema with its power to engage affective understanding (the drama of humans or 
animals that experience natural forces). Then, as children grow, we can let the 
characters of forces of nature with their aspects of intensity, quantity and 
force/power, step from the background into the foreground, slowly leading to 
more formal narratives. 
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In this paper, we will outline the structure and the contents of a pre-service teach-
ers' course in physics based on the concepts described here. We will also report on 
analyses of stories created by the student teachers themselves. 

 

HYPOTHESIS AND RESEARCH QUESTION 
We will base our investigation upon the following assumption: For student teach-
ers, the task of developing a story for science education for the early years of pri-
mary school is equivalent to giving a physics student the task of planning and ex-
ecuting an experiment. Both activities require methodological and conceptual 
skills, one in the professional context of science education, the other in physical 
research. 
The goal of this investigation is to demonstrate how student teachers trained in 
the framework of forces of nature deal with the experimental task of writing good 
stories for science education. This task will be accomplished: i) by evaluating the 
stories produced by the students at the end of the course, and ii) by analyzing the 
students’ answers to a questionnaire given one year after completion of the didac-
tical activities. 
 

STRUCTURE AND CONTENTS OF THE COURSE 
The course addressed prospective primary school teachers (second year of the de-
gree in Primary Education) in the first semester of the 2011-2012 academic year 
at the Department of Education and Humanities of the University of Modena and 
Reggio Emilia. 

There were various didactical activities connected with the course (76 hours in to-
tal). 

Physics lessons 
A physics course (Part I, 30 hours, attended by about 60 students) was taught us-
ing the approach afforded by the aspects of the Force Dynamic Gestalt (quantity, 
intensity, force/power) 
These aspects span various topics of physics and form the basis of our metaphori-
cal understanding of forces of nature. 
The topics were: 

• Figurative thought, image schemas, FDG of natural forces and metaphorical 
projection; 

• Extensive and conjugated intensive quantities (extended potentials) related to 
a physical process, energy (balance between quantity and change in intensity 
among coupled processes in a cause-effect chain); 

• Fluids, Motion, Thermal phenomena, Electricity, Chemical substances. For 
every phenomenon, the corresponding extensive (volume, momentum, entro-
py, charge, substance amount) and intensive quantities (pressure, velocity, 
temperature, electric potential, chemical potential) and their mutual relations 
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leading to the concepts of capacitance, resistance, current, and energy, were 
analyzed. 

The goal was to supply students with simple concepts that are powerful enough to 
scientifically interpret everyday phenomena that might also be encountered in 
school. 

Experimental activities 
The second part of the course (Part II, 30 hours, attended by the same group of 
about 60 students) provided the introduction to measurements and error handling. 

It also proposed some laboratory experiments, measurements, and (graphical) 
search for simple relations (linearity and proportionality) that were executed by 
students in groups of 4-6. In the last 8 of the 30 hours of the laboratory, methodo-
logical issues were covered and didactical activities designed which take the cog-
nitive and linguistic skills of children aged 5-11 into account. 

Exam 
Afterwards, students prepare for the final (oral) exam by submitting: 

• a summary of a lesson on the topics covered during a period of the first part of 
the course (group activity); 

• a didactical unit about a physical argument using stories, experiments and 
general activities (individual activity); 

• a story for physics education (individual activity). 

Laboratory on stories 
The last (optional and not assessed) part of the course (Part III, 16 hours, attended 
by 22 of the previous students) was a laboratory that was available to students af-
ter the exam, at the beginning of the second semester. 

The students were personally involved in working with stories for physics educa-
tion. After an introduction about the interplay between story schema (Egan, 1986) 
and character schema (Fuchs, 2013b) and the analysis of some case studies taken 
from the stories presented for the exam, every student was invited to: 

• review and correct the story created for the exam and one created by another 
student; 

• design a didactical unit around a given story (the course teacher gave the stu-
dents a story about heat and asked them to design a didactical path for a pri-
mary school class, specifying activities, scheduling, materials, grouping, set-
ting etc., and explaining every choice made); 

• write a new story for the first years of primary school; 

• discuss the new story with the course teacher; 

• revise the new story according to the suggestions of the course teacher. 
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DATA 
The stories analysed in this paper (section 5.1), 17 in total, were written by the 
student teachers at the end of the 16 hours of laboratory work (5 stories have been 
excluded from the analysis due to incomplete data). The requirement for the story 
was that it be suitable for young children (5-6 years old) and use the example of 
fluids. 

To test the soundness and the stability of the course contents (disciplinary aspect – 
section 5.2) and the students' ability to use stories (methodological aspect – sec-
tion 5.3), a questionnaire was given to some students one year after the course. It 
concerned two stories given to every student, the first was the one the student 
wrote at the end of the course (own story), and the second was a story written by 
another student (assigned story). For data homogeneity, we have assigned four 
stories selected among the available 17 ones. 
For each story, the student had to explain: 

• the science behind the story in more technical form (disciplinary aspect); 

• class activities to be associated with such story (methodological aspect).  
In total, 11 questionnaires were returned. 

 

ANALYSIS 
Stories written by the students at the end of the course 
The criteria for analysis dealt with the various topics discussed during the course: 
• story schema, with initial tension providing affective involvement,  development of 

the story and a satisfactory ending. 
• character schema, with expressions related to the FDG aspects of intensity, quantity 

and force/power of a force of nature 
• elementary concepts such as container, current, and resistance  
• appropriateness of the story to children 5-6 years old, taking into account the lan-

guage, the length of the phrases and the presence of images. 

We have analysed both the story as written by the student, and the revised story 
after discussion with the course teacher. For every criterion, we simply checked if 
it was present or not. 

We present the story “Theodore the beaver” here as an example. This was an as-
signed story and one of the four selected stories. Table 1 reports the expressions in 
the story and their analysis according to the criteria above. 
Table 2 summarizes the results (percentage of stories matching some main crite-
ria) of the analysis of the students’ stories before and after discussion with the 
course teacher. We found that in every story, at least one of the FDG aspects is 
present (character schema), with an average of 1.5 aspects before and 2.1 after 
discussion with the course teacher. 
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Table 1 
Correspondence of the “Teodoro il castoro” expressions and the analysis crite-
ria. 

Expression of the story Interpretation Criterion 

One day, beaver daddy asked Teo-
doro to help him  add a new piece to 
the dam made of sticks, which de-
limited their territory, in order to 
make it safer. 

Family affects 

House safety 

Story 
schema 

Affective 
evolvement 
 

As Teodoro was adding sticks to the 
dam, he noticed that the water of the 
river, which had beenflowing placid-
ly, suddenly became faster. 

Increase of 
water velocity 
due to de-
crease of 
cross section 

Elementary 
concepts 

Current 

 

“I begin to feel confined, Teodoro! 
And this makes me very agitated!”, 
answered the water. 

Increase of 
pressure due 
to increase of 
resistance 

Character 
schema 

Intensity 
 

But after the dam was complete, 
there was no space remaining for the 
water. The river could hardly flow 
between the sticks and the mud. […] 
It (the water) went around, but did 
not succeed in crossing the dam. 

Obstacle pro-
vided by the 
little passages  

Elementary 
concepts 

Resistance 

Then a little explosion occurred… 
The Teodoro’s family was woken up 
by a very loud noise: part of the dam 
had been swept away by the river! 

Development 
of new phe-
nomena (ex-
plosion, noise, 
collapse) 

Character 
schema 

Force/power 

The next morning, however, Teodo-
ro noticed that the water of the river 
had returned to its usual placid flow! 

[…], but Teodoro had surely learned 
a lesson! 

Equilibrium 
of natural 
phenomena 
after disequi-
librium 

Teodoro 
learns how 
nature works 

Story 
schema 

Ending 

 

Questionnaires (disciplinary aspects) 
We have compared the concepts evidenced by the students to those we recognize 
as present in the stories. To better analyse the students’ answers, we have consid-
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ered some elementary concepts, as well as the aspects of the FDG. We consider 
the concept match (the student recognizes a concept we recognize in the story 
too), the concept mismatch (the student does not recognize a concept we recog-
nize in the story), and the concept addition (the student mentions a concept we do 
not recognize explicitly in the story). 

 
Table 2 

Results of analysis of the students’ stories, before and after discussion with the 
course teacher.  

  % before % after 

Story schema 
Affective involvement 94 100 

Development and ending 94 94 

Character schema 
(FDG aspects) 

Quantity 53 76 

Intensity 59 71 

Force/power 41 65 

Adequateness 

Natural language 100 100 

Length of phrases 100 100 

Images 59 94 

 

Table 3 summarizes the results of 11 questionnaires concerning the students’ own 
stories. We report the percentages of match/mismatch for every concept, normal-
ized to the occurrence we recognize, and the number of concept additions. 
Globally for all concepts, the match percentage is 85% (the mismatch percentage 
is 15%), and the number of concept additions is 4. 
Table 4 shows the results of the assigned stories. The collected questionnaires 
concerned the following stories: “Teodoro the beaver” (4 questionnaires), “Cocci 
and Wind” (4 questionnaires), “The train unable to brake” (1 questionnaire), and 
“The planet Gelaldo” (1 questionnaire). One questionnaire was not returned. For 
statistical relevance, we include the first two stories. 

Globally for all concepts (comprising those of the stories excluded from Table 4), 
the match percentage is 64% (the mismatch percentage is 36%), and the number 
of concept additions is 4. 

Questionnaires (methodological aspects) 
The activities to be associated with the stories proposed by the students have been 
classified according to the disciplines of the curriculum and according to their 
type. Table 5 reports the classification of the activities both for their own stories 
and for the assigned ones. 
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DISCUSSION 
A previous study of the affinity of student teachers towards physics after this 
course (Corni et al., 2012) has outlined the growth of awareness (1) of their ability 
to understand and learn physics and (2) of the power of natural language and nar-
rative forms of science for comprehending nature. 

 
The results of the present investigation, even if qualitative and limited to a few 
students and their stories, concern the students’ awareness and the ability to write 
and use stories to teach physics. The goals here are to develop the ability to write 
well crafted stories, and the ability to employ such a story by analyzing its scien-
tific contents and planning didactical activities. 

Ability to write stories 
Table 2 shows that before discussions with the course teacher, but especially af-
terwards, the students’ stories exhibit high percentages of the qualities considered 
in this investigation. In particular, the students are able to write stories using eve-
ryday language suitable for young children that also follow a story schema. 

Everyday language and the story form are recognized by students as powerful and 
proper in teaching physics (Fuchs, 2013a, 2013b; Corni, 2013a, 2013b). This is 
important, because it is often believed that a scientific story has to use technical 
language and contain scientific experiments. Including such technical elements 
leads to rather unnatural stories. 
The fact that every story contains at least one aspect of the FDG, as well as the 
average numbers of aspects present  (1.5 and 2.1, before and after the discussion 
with the course teacher, respectively), means that the students are able to deal 
with forces of nature in a story form. No particular aspect seems to be preferred or 
easier for them.  

Table 3 
Results of the students’ answers about the concepts present in the own story. 

  % 
match 

% 
mismatch 

concept 
occurrence 

added 
concept 

FDG aspects 

Quantity 57 43 7 1 

Intensity 100 0 9 0 

Force/power 90 10 10 0 

Elementary 
concepts 

Container 100 0 2 1 

Current 100 0 1 1 

Resistance 50 50 2 0 

Diff. of inten-
sity as a push 100 0 3 1 
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Ability to employ a story 
Tables 3 and 4 present the same information relating to the concepts recognized 
by the students in their own stories and in the one assigned, respectively. 
 

Table 4 

Results of the students’ answers about the concepts present in the assigned story. 
Note that this table refers to two particular stories, so some concepts will be not 
present. 

  
 % 

match 

% 

mismatch 

added 

concept 

Teodoro 
the beaver 

FDG aspects 

Quantity Not present 1 

Intensity 100 0 0 
Force/power 75 25 0 

Elementary 
concepts 

Container Not present 1 
Current 75 25 0 

Resistance 25 75 0 
Diff. of in-
tensity as a 
push 

Not present 1 

Cocci and 
Wind 

FDG aspects 
Quantity 25 75 0 
Intensity 50 50 0 

Force/power 100 0 0 

Elementary 
concepts 

Container Not present 1 

Current Not present 0 
Resistance Not present 0 

 Diff. of in-
tensity as a 
push 

Not present 0 

 

The global match percentage is very high for their own stories, but lower for the 
assigned ones, even though they are good (85% vs. 64%). 
This could be due to the fact that students knew their own stories very well, hav-
ing designed and worked on them, as opposed to the assigned one, which was en-
countered only in connection with the questionnaire. 

Due to the low amount of statistical data for the assigned story (the data for each 
story come from 4 students), we cannot prove any differences in answer distribu-
tion compared to the students’ own stories: the data in the two tables is nearly 
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consistent. The matches to the aspects of the FDG are the most reliable in Table 3 
due to their high number of occurrences. 
The data suggests that the students are more sensitive to the intensity and the 
force/power aspects, than to the aspect of quantity. 
 

Table 5 
Activities proposed by the students divided by reference disciplines and types of 
activity. 

  Own story Assigned story 

Disciplines 

Biology 5 0 

Chemistry 4 4 

Geology 2 1 

Language 3 1 

Physics 12 15 

Physical activities 2 2 

Social education 1 0 

Type of activity 

Discussion 9 3 

Drawing 1 1 

Experimental 16 14 

Play 2 4 

Didactical excursion 1 1 

 
It is interesting that the students also refer to concepts not explicitly present in the 
story (4 added concepts, both for their own and the assigned stories). This can be 
interpreted to mean that the students perceive the story as an opportunity to ex-
pand the argument and to introduce other concepts related to the ones present in 
the story. 

Table 5 shows that the students see their stories as an opportunity to propose vari-
ous activities for different disciplines such as biology, social education, physical 
activities, as well as physics. This shows that a student attending this course feels 
the physics learned here is connected to all sciences and fields of knowledge, and 
that he/she will be able to design interdisciplinary didactical activities. 
This is confirmed by the types of activities the students chose, which were not on-
ly the experimental, stereotypical ones for physics. 
Rather, they demonstrate that physics education, and science education in general, 
needs to be relevant and within the reach of the children of that age. 
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CONCLUSIONS 
Our intentions here are not to demonstrate that this course, which relies on figura-
tive structures of thought and narrative forms of science, will teach students more 
and better formal science than other more traditional ones. This would necessitate 
more extensive investigations with a larger number of students involved and con-
trol groups. Instead, we want to determine whether students are able to produce 
good stories that are suitable for children and to plan activities useful for science 
education. Moreover, we wanted to see if these abilities are stable over time. Our 
analysis indicates that these questions can be answered in the affirmative. 
Important information can be obtained once these student teachers actually have a 
class of pupils. This is not possible at the moment, but we can gain some indica-
tions from the tutors that followed these students during their apprenticeship in a 
class (about 50 hours of presence with the tutor). We reached three of these tutors 
and interviewed them about the students’ didactical abilities. On a scale from 1 to 
6, they give students at least a 5 for the following abilities: planning, using stories, 
conducting laboratory activities, conducting physical activities, designing drawing 
activities and games, conducting class discussions. 
Although the data presented is limited to a case study, our research and develop-
ment open new perspectives for science curricula in primary schools and allow us 
to anticipate benefits from an interdisciplinary approach to science and language 
learning. Moreover, our results can be a base for designing more extensive re-
search aimed at introducing figurative structures of everyday language and apply-
ing the power of narrative forms of science for comprehending nature in the uni-
versity courses for student teachers, as well as in continuing education courses for 
in service teachers (Mariani, 2013). 
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Abstract: This study highlights the failure of science education research to influence authentic 

change in science teacher education (STE) programmes.  Misconceptions and difficulties in 

achieving conceptual understanding have been documented in a number of conceptual areas in 

chemistry and among different types of learners. Research in this area has been carried out for 

more than three decades and yet, as this study highlights, this has had little impact on STE 

programmes’ success in addressing this issue. The lack of impact of this research is 

disheartening and there is a temptation to abandon this area in favour of more ‘trendy’ research 

areas. The title of this paper, the words of philosopher Elbert Hubbard (1918), has been chosen 

to reflect this. The problem of misconceptions and lack of understanding in chemistry 

continues to persist among young learners and pre-service science teachers (PSSTs). STE 

programmes across Europe vary in the amount of time spent studying academic disciplines. It 

is a commonly held belief that PSSTs who have completed a science degree prior to pursuing 

studies in STE programmes have a deeper understanding of their subject than those that enter 

the teaching profession through concurrent science and teacher education degree programmes. 

This study has found that is not the case. The model of STE has no effect on PSSTs’ 

understanding of basic chemistry concepts. Teachers with a poor understanding of their subject 

(though they may have many other desirable qualities) cannot facilitate understanding among 

their pupils. In order to prevent the continuation of this vicious cycle of perpetuating 

misconceptions and erroneous ideas, interventions need to be carried out at all levels of the 

educational system and especially in STE programmes. The second phase of this two-phase 

study involves an intervention with Irish PSSTs and is currently on-going. This paper reports 

on the level of chemical understanding of PSSTs following different models of STE, which was 

investigated in the first phase of this study.  

Keywords: science teacher education, chemistry misconceptions, pre-service science teachers, 

subject matter knowledge 

 

INTRODUCTION 

Chemistry is a difficult and abstract subject in which learners can develop misconceptions or 
alternative conceptions about chemistry. These misconceptions are scientifically unacceptable 

concepts which are deeply held in the mind of learner and are difficult to change unless directly 

addressed (Peterson and Treagust 1989). Misconceptions in chemistry have been found among 

learners of all ages (Nakhleh 1992; Taber 2000).  In order to promote conceptual understanding 

of chemistry and reduce the interference of misconceptions, teachers must have the necessary 

pedagogical content knowledge (PCK). Their PCK needs to include knowledge of common 

pupil misconceptions and appropriate strategies, explanations and analogies to address them 

(Shulman 1986). Furthermore, teachers must have sound subject matter knowledge (SMK). 
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Their SMK should consist of scientifically acceptable concepts and misconceptions should not 

be present (Brickhouse and Bodner 1992). However, there is evidence that this is not the case 

among science teachers (Hashweh 1987). Therefore, teacher education, whether initial or 

continuous, must at minimum ensure that teacher have a sound understanding of the 

fundamental concepts, which they will teach, and provide them with the necessary skills to 

access and understand the most up-to-date information about promoting understanding among 

pupils.  

Models of teacher education (TE) are diverse across Europe and the World (Buchberger 1998). 

Science teacher education (STE) programmes may follow the concurrent, consecutive, 

integrated or modularised models, to name a few. The length of STE programmes for second-

level teachers ranges from 3-7 years in Europe (Eurydice 2012). Following on from the 

Bologna process, countries in Europe are introducing the consecutive model in addition to 

other models (Ingvarson, Elliott, Kleinhenz & McKenzie, 2006).The consecutive and 

concurrent models are already established in Ireland. The majority of second-level teachers are 

produced from consecutive TE programmes. The consecutive model involves completing a 

degree in an academic discipline, which takes 3-4 years. Following on from this, those desiring 

to become teachers must apply for a place on a 1 year TE programme, due to become a 2 year 

programme in 2014, in which they study education, general pedagogy and subject-specific 

pedagogy. Those following the concurrent model undertake a four year degree course in which 

they study their academic discipline, education, general pedagogy and subject specific 

pedagogy. The concurrent model involves studying these subjects in parallel throughout the 

duration of their four year degree. While concurrent programmes should ideally provide a more 

integrative approach to TE, it is widely acknowledged that in reality the approach is fragmented 

and without coherence between academic disciplines and educational aspects of the 

programmes (Coolahan 2001). Those on consecutive courses spend 3-4 years studying just the 

academic discipline and, therefore, study their discipline in greater depth compared to those 

following the concurrent model. The candidates that apply for and receive places on either 

consecutive or concurrent programmes in Ireland are generally of high quality (Drudy 2001). 

There has been some debate about the advantages of the consecutive or concurrent models 

(Coolahan 2001) and there is a commonly held belief that those on consecutive STE 

programmes have a better grounding and deeper understanding in their chosen subject area than 

those on concurrent courses, given that they study their academic disciplines in greater depth. 

Gansle, Noell & Burns (2012) have noted an absence of literature regarding the effect of 

variability in TE programmes. Andrew (1990) found that attitudes towards factors related to 

teaching, satisfaction with the quality of TE programmes and retention rates within the teaching 

profession differed depending on the model of TE from which new teachers graduated. 

Kleichmann, Richter, Kunter, Elsner, Besser, Krauss & Baumert (2013) found that the SMK of 

pre-service mathematics teachers did not differ, provided they were at the same stage of 

progress through their TE programme. However, their SMK did improve between the 

beginning and end of programmes. Studies which compare the conceptual understanding of 

PSSTs following each of these models do not appear to have been conducted. This study 

examined PSSTs’ understanding of selected basic and fundamental concepts using a pen-and-

paper instrument and the effect, if any, of the model of STE on this understanding. 
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METHODS 

Chemistry Misconceptions Identification Instrument (CMII)  

A pencil-and-paper instrument was designed and used in this study. The conceptual areas to be 

included in this instrument were determined by categorising the concepts within the upper 

second-level chemistry syllabus in order of increasing complexity. The basic conceptual areas 

selected were particulate nature of matter (PNM), chemical bonding, and, stoichiometry and the 

mole. The authors determined that a sound understanding of these conceptual areas was 

required to be able to access more complex concepts, such as electrochemistry, organic 

chemistry and equilibrium which synthesise and build upon these basic concepts. A complex 

concept, equilibrium, was also selected for inclusion on the instrument, to investigate whether 

understanding of basic concepts correlated with sound understanding of synthesis concepts. 

Conceptual questions in these four areas were selected from the literature or developed by the 

authors. The instrument was piloted with 212 PSSTs. Hour-long semi-structured interviews 

were carried out with 7 PSSTs to determine whether the questions were intelligible and that 

PSSTs had interpreted the questions as intended. The instrument was then revised and the final 

version comprises 20 questions as shown in Table 1. A number of different styles of questions 

were used: traditional multiple choice, pictorial and two-tier multiple choice. 

 

Table 1 

Content of the Chemistry Misconceptions Identification Instrument (CMII) 

Concept 

Area 

No. of 

Questions 

Concept(s) being tested 

Particulate Nature of 

Matter 

4 Microscopic nature of atoms, elements, compounds and mixtures. 

1 Conservation of matter. 

1 Understanding of phase change. 

2 Meaningful conversions from symbolic to microscopic. 

Stoichiometry & the 

Mole Concept 

4 The mole as a counting unit, using the mole concept in 

stoichiometry and understanding of molar volumes. 

Chemical Bonding 5 Process and energetics of bonding, effect of bond type and 

structure of ionic compounds. 

Equilibrium 3 Dynamic nature of equilibrium and the equilibrium constant. 

 

Recruitment of Participants 

All institutions in Ireland with STE programmes were invited to participate in the study. There 

are 7 consecutive programmes and 6 concurrent programmes in Ireland. All 7 consecutive 

programmes took part in the study and 4 concurrent programmes took part in the study 

(inclusive of Northern Ireland and the Republic of Ireland) giving a total of 467 PSSTs: 144 

following consecutive and 323 following concurrent models. The researcher visited all 

institutions to administer the CMII. The profile of participants may be seen in Table 2. 
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Table 2 

Gender and age profile of the participants differentiated by TE model 

 Consecutive Programmes 

(n = 144) 

Concurrent Programmes  

(n = 323) 

Total Cohort  

(n = 467) 

Number of Participants 144 323 467 

Males 31% (44) 28% (91) 29% (135) 

Females 69% (99) 72% (232) 71% (331) 

Under 25 years 50% (59) 92% (296) 76% (335) 

25-30 Years 32% (46) 5% (16) 13% (62) 

30+ Years 24% (35) 2% (5) 9% (40) 

 

Data Analysis 

The questions on the instrument were marked as either correct or incorrect and a score of 0 or 1 

given accordingly. Participants could achieve a maximum of 20 marks for the test with 8 for 

PNM, 5 for chemical bonding, 4 for stoichiometry and the mole, and, 3 for equilibrium. All 

data was parametric with the exception of scores for equilibrium. Therefore, equilibrium was 

treated separately by using nonparametric tests during analysis. The scores achieved and the 

responses selected for each question were analysed using SPSS (Statistical Package for Social 

Sciences) predictive analytics software. 95% confidence intervals were considered statistically 

significant. Effect sizes are measured using r
2
 (or Φ). A value for r

2
 of 0.01 represents a small 

effect size, of 0.09 represents a medium effect size and of 0.25 represents a large effect size 

(Field 2009). A value for Φ of 0.10 represents a small effect size, of 0.30 represents a 
medium effect size and of 0.50 represents a large effect size (Field 2009). 

 

RESULTS 

Does the model of TE have an effect on performance in the CMII?  

The mean score achieved by the participants in the study was 37.37% (SD=15.04) or 7.47 

(SD=2.96) marks out of a possible 20. There was no statistically significant difference between 

the mean score for those following the consecutive (M=7.50%, SD=3.17) or concurrent 

(M=7.46, SD=2.87)  models of STE, t(465) = 0.141, p >0.05.  Figure 1 displays the distribution 

of PSSTs across five grade bands for performance in the CMII. A chi-square test for 

independence reveals that those following the consecutive or concurrent models were equally 

as likely to be in each grade band. Of the 467 PSSTs, 49.9% achieved less than 40% in the 
instrument and a further 13.9% achieved exactly 40%, giving a total of 63.8% of PSSTs 

achieving 40% or less, i.e. answering 8 questions or fewer correctly out of 20 questions in total. 

The mean scores for each conceptual area of the instrument were also compared for both 

groups. Data is shown in Table 3 for PNM, chemical bonding, and, stoichiometry and the mole, 

and, total score achieved in the CMII. A significant difference was found between the 

consecutive and concurrent groups for scores on PNM, with the consecutive group performing 

better than the concurrent group, t(465) = 4.13, p < 0.001, r
2
 = 0.036. The difference in mean 

scores for the two groups was 0.64, which is less than a single question. The effect size for this 

significance is small. The concurrent group outperformed the consecutive group in chemical 

bonding, t(463) = -4.926, p < 0.001, r
2
 = 0.05. Once again, the difference in means is small at 

0.09 and the size of this effect is also small. There was no significant difference between the 

two groups for stoichiometry and the mole or mean total scores achieved in the CMII. Scores 

on equilibrium were also very poor with 56.3% of all participants scoring zero in this area. A 
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further 3.2% of participants chose not to attempt any of the questions in this area. There was no 

significant difference, as measured by the Mann Whitney U test, between those on consecutive 

(Mdn = 0.00) or concurrent programmes (Mdn= 0.00) for scores on equilibrium (U = 19988.50 

p > 0.05). 

 
Figure 1. Performance of the PSSTs in the CMII, differentiated by model of TE 

 

Table 3 

Mean scores achieved by consecutive and concurrent groups in the  CMII 

Conceptual Area Mean 

(Max. 

Score) 

Consecutive 

Mean 

Concurrent 

Mean 

Significance 

(t-tests) 

Effect Size 

Particulate 

Nature of Matter 

3.55 (8) 3.99 (SD=1.63) 3.35 (SD=1.53) Yes 

(p<0.001) 

Small 

(r
2
=0.036) 

Stoichiometry 

and the Mole 

1.62 (4) 1.44 (SD=1.12) 1.99 (SD=1.12) No  

Chemical 

Bonding 

1.82 (5) 1.56 (SD=1.00 1.65 (SD=0.89) Yes 

(p<0.001) 

Small 

(r
2
=0.05) 

Total Score for 

Instrument 

7.47 (20) 7.50 (SD=3.17) 7.46 (SD=2.87) No  

 

Given that those on consecutive courses were less likely to specialise in chemistry, the mean 

scores were also analysed only for those that were specialising in chemistry in either 

consecutive or concurrent models of STE. In order to ensure that like was compared with like, 

only those chemists in their fourth year of concurrent courses were selected for comparison 

with the consecutive chemists. There were 31 PSSTs on consecutive courses specialising in 

chemistry and 21 fourth year concurrent PSSTs specialising in chemistry. No significance was 

associated with scores achieved in the areas of PNM, stoichiometry and the mole, or, chemical 

bonding. There was a significant difference associated with scores obtained in equilibrium, 

with the consecutive group (Mdn= 1.00) outperforming the concurrent group (Mdn= 0.00), (U 

= 209.00 p < 0.05). This was a medium effect size.  
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The model of STE has little to no effect on PSSTs’ understanding of the concepts in the CMII. 

While some areas of statistical significance were identified, the differences between the mean 

scores for the two groups were consistently less than a single question on the instrument and 

these differences had small effect sizes. The trend in these differences is not consistent, with 

consecutive PSSTs being marginally better in one conceptual area while concurrent PSSTs are 

marginally better in another area. 

Does the year of study for those following the concurrent model have an 

effect on performance in the CMII?  

An analysis of variance revealed that no significance was associated with the year of study on a 

concurrent course and overall performance or performance in any of the conceptual areas 

included in the CMII. As the year of study for participants’ increases, they study more of the 

academic discipline as well as education and pedagogy modules and they increase their 

experience of teaching science on Teaching Placements. None of these factors have any 

influence on their understanding of the concepts included in the CMII. 

 

CONCLUSION 

The majority of PSSTs in Ireland are female and under 25 years of age.  The gender balance is 

similar for the two modes of entry with about 70% of all PSSTs being female. The most 

popular specialisation for PSSTs is biology with the least popular being physics. Males are 

more likely than females to specialise in physics. There is no gender difference associated with 

specialisation in chemistry; a trend similar to that seen in upper second-level chemistry in 

Ireland. Males were almost equally as likely to specialise in biology as females. The PSSTs 

involved in this study may be said to be highly motivated, attractive candidates given that, on 

the consecutive programmes, 21% had achieved a first class honours and 53% a second class 

honours degree. The requirements for entry to concurrent courses are also high. Furthermore, 

approximately 50% of PSSTs had studied chemistry at the higher level in upper second-level 

schooling. Among the general pre-service teacher population, significant associations have 

been found between gender and degree classification, with females being more likely than 

males to have a second class honours degree classification, and, age range and degree 

classification, with those over 40 being more likely to hold first class honours degrees (Clarke, 

Lodge & Shevlin, 2012). No such associations were found within the pre-service science 

teacher population in this study.   

The model of STE which PSSTs choose to follow has little to no impact on their understanding 

of basic chemistry concepts. Science teacher education seems to have little to no effect on 

understanding of basic chemistry concepts despite increasing experiences of academic 

disciplines, general pedagogy, subject-specific pedagogy or student teaching placements. 

Furthermore, it would seem that third-level chemistry education in general has no impact on 

understanding of basic chemistry concepts. There was no improvement in mean total scores or 
mean scores for any conceptual area included in the CMII for those in more advanced years of 

study, compared with those in beginning years of study for the concurrent model. Teacher 

educators seek to have the length of teacher education programmes increased in order to 

address the multiplicity of issues relevant to the modern teacher. However, in relation to 

subject matter knowledge at least, can an extra year bring about understanding of basic content 

when four years dedicated solely to subject matter knowledge cannot? Maybe the issue is not 

the time spent or the topics covered, but how the subject material is taught and assessed? 

Additional course time is needed for a variety of reasons, but perhaps a more salient issue 
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which needs to be addressed is the fragmented nature of teacher education programmes 

(Coolahan 2001). If “the teacher is the one who gets the most out of the lessons, and the true 

teacher is the learner” (Hubbard 1895), then pre-service science teachers need to be engaged 

with their academic discipline by preparing them to teach the discipline.  
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INTRODUCTION 

 

Strand 14 is focusing on reform recommendations in in-service professional 

development. Teachers as lifelong learners and in-service education constitute a major 

objective in science education. This chapter of the e-proceedings brings together 36 

papers presented at the ESERA 2013 conference. These papers address a broad range 

of research themes within this wide area, including teachers’ knowledge, beliefs, 

Pedagogical Content Knowledge (PCK) and motivation and self-regulation abilities. 

These papers also address the potential impact of such teacher-related variables on 

students’ learning outcomes and provide examples of effective frameworks for 

organizing and sustaining professional learning communities that could enhance their 

teaching practice. Finally, the chapter also touches on the important issue of 

establishing collaborations between researchers and teachers and their potential 

contribution to teaching and learning. 
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Abstract: The widespread concern among industrialised countries about the scarcity of physicists 

is linked to shortages in predicted workforce requirements and strategic global positioning of 

national economies. Reports from around the world describe a similar story about the declining 

interest in physics. The pressing need to increase young people’s engagement with physics and 

encourage them to pursue the subject beyond compulsory schooling, led the UK national 

Network of Science Learning Centres to develop and implement the Action Research for Physics 

(ARP) programme for physics teachers across England. The programme consisted of three face-

to-face professional development training days for teachers, interspersed with two rounds of 

action research carried out by teachers at their own schools. This paper focuses on how the ARP 

programme impacted on the participating teachers. Sixty seven secondary physics teachers 

across the ten Science Learning Centres completed a pre- and post-programme questionnaire and 

took part in focus group meetings at each centre. Thirty eight senior managers who had 

authorised the teachers’ participation in the professional development also completed a post-

programme questionnaire. The vast majority of teachers and senior managers viewed the ARP 

programme as a resounding success for the teachers themselves, their students, their departments 

and their schools, and they intended to continue with this action research approach to physics 

teaching as a means of improving classroom practice. Teachers included more discussion and 

thinking time in their lessons and increased their use of specific effective physics teaching 

strategies. The ARP approach of providing physics teachers with research-informed guidance, 

while allowing them to develop their own action research intervention within their own school 

context over a period of time, thus demonstrated increased confidence, motivation and 

enthusiasm towards teaching physics and making physics relevant to students’ everyday lives. 

Keywords: action research, secondary physics education, professional development, programme 

evaluation 

 

INTRODUCTION 

The widespread concern among industrialised countries about the scarcity of physicists is linked 

to shortages in predicted workforce requirements and strategic global positioning of national 

economies (Hampden-Thompson et al., 2011). Unemployment in the United States is running at 

8%, and yet 600,000 jobs that require analytical and technical skills cannot be filled (Morrison et 

al., 2011). Reports from around the world describe a similar story about the declining interest in 

physics. The UK is fairly typical; the shortage is due initially to a lack of students opting to study 
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physics at school, and then at university (The Royal Society, 2008). This in turn results in fewer 

specialist physics teachers in schools (Smithers & Robinson, 2006).  

The pressing need to increase young people’s engagement with physics and encourage them to 

pursue the subject beyond compulsory schooling, led the national Network of Science Learning 

Centres to develop and implement the Action Research for Physics (ARP) programme for 

physics teachers across England in 2009/10. It was designed in cognisance of well-documented, 

evidence-based theoretical and practical models of successful professional development (PD) (cf. 

Adey, et al., 2004; Guskey & Sparks, 2002; Hanley, et al., 2008; Joyce & Showers, 2002). The 

set-up and content of the ARP programme drew particularly on the findings and 

recommendations of the Girls into Physics PD programme which advocated an action research 

approach for participating teachers (Daly, et al., 2009; Hollins et al., 2006).  

ARP consisted of three face-to-face PD training days for teachers, spread across one year, at the 

ten country-wide Science Learning Centres, interspersed with extended periods of action 

research carried out by the teachers at their own schools.  Teachers conducted their action 

research in one of six strands that were identified by the Girls into Physics projects as 

particularly successful in engaging girls as well as boys in physics: Learning & Teaching; 

Classroom Management; Careers & Guidance: highlighting the value of physics careers; 

Progression; Workforce; and Culture & Ethos.  

This paper focuses on how the ARP programme impacted on the participating teachers. The 

research questions were:  

1. What successful approaches to action research did teachers take in their physics lessons?  

2. What were teachers’ views about the programme? 

3. What were teachers’ views about the impact of action research on their classroom 

practice? 

4. What were the teachers’ senior managers views about the programme? 

Detailed reports of the ARP evaluation are available at: http://eprints.soton.ac.uk/337226, and a 

case studies booklet of eighteen of the most successful action research projects is available at: 

http://eprints.soton.ac.uk/342679. 

 

METHODS AND SAMPLE 

Sixty seven secondary physics teachers attending ten Science Learning Centres completed a pre- 

and post-programme questionnaire and most of these teachers also took part in focus group 

meetings (face-to-face or via video-conferencing) at each centre.  Thirty eight senior managers of 

these teachers completed a post-programme questionnaire. These are the people who authorise 

professional development for the teachers. Teachers implemented their action research in two 

rounds between the three PD days. The first round was to try out and develop ideas discussed at 

the first PD day. Then they returned for the second PD day which offered them the opportunity 

to engage reflectively with tutors and peers about their experiences and findings. Based on this, 

they adjusted their action research and re-implemented it in the second round of classroom-based 

work. The third PD day was to review their experiences and make future plans. 

 

 

Strand 14 In-service science teacher education, continued professional development

2517

http://eprints.soton.ac.uk/337226/
http://eprints.soton.ac.uk/342679/


RESULTS 

Evaluation of the programme 

The vast majority of teachers and senior managers viewed the ARP programme as a resounding 

success for the teachers themselves, their students, their departments and their schools, and they 

intended to continue with this action research approach to physics teaching as a means of 

improving classroom practice. 86% of the teachers said that they had made changes to their 

classes as a result of the programme and 50% had changed their approach to teaching the 

curriculum. 

The Action Research is a catalyst to question current practice and is a stimulant to 

innovate in the classroom. Such things would be possible without the structure of an 

Action Research project but would not necessarily happen without the motivation 

conferred by a structured programme. (Male teacher 16, Post-Intervention 

Questionnaire) 

Teachers also reported increased confidence, motivation and enthusiasm towards teaching 

physics: there was a marked increase in teachers’ confidence in their ability to get students 

engaged in physics, to make physics relevant, to make abstract physics more ‘visible’ for 

students, and to increase students’ awareness of careers/futures in physics (figure 1). 

 

Figure 1. Confidence changes in teachers between the beginning and end of ARP 
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Almost three quarters of teachers (72%) had increased student discussion time over the course of 

the programme, and 58% had increased student reflection/thinking time.  

[Students are] used to being given a little bit of time to discuss it, and they are 

actually starting to do that now, so I think that’s perhaps a confidence thing as well 

with me, that I feel more comfortable now with them. (Female teacher 7, Focus group 

1) 

Teachers in all the post-intervention teacher focus groups mentioned the support and 

encouragement that had come from working with their peers, with opportunities to discuss the 

development, progress and effects of their interventions away from the distractions of school. 

I found it really useful just to get some time out of the humdrum, everyday things that 

you have to do every day in school, and get a chance to speak to people who have 

obviously got an interest in improving their teaching, and being able to talk to them 

about ways in which you can do that, you can measure the success. (Female teacher 

1, Focus group 1) 

 

Teacher’s views on the value of action research for physics classroom practice 

Teachers were overwhelmingly positive about implementing action research in their physics 

classes; all of them found the action research useful in terms of improving classroom practice, 

and 91% thought they had learnt ‘a lot’ or ‘quite a lot’ about action research since starting the 

programme. A quarter (25%) responded that the intervention had been ‘very effective’, and a 

further 61% ‘quite effective’ in increasing their students’ engagement with physics. Half (50%) 

had changed their schemes of work as a result of the programme, 64% indicated an increased 

motivation/enthusiasm to teach physics, and 50% that their own interest in teaching physics had 

increased since they started the programme (interest among the rest had stayed the same). The 

follow-up to the first round of action research with reflective activities and feedback from peers 

and course tutors, upon which the activity was adjusted and re-implemented, was seen as highly 

valuable as teachers do not usually have or take the time to do this. 

I think the course has reminded me how important it is, even if you’ve had a go at 

doing something different, that’s not necessarily the end of it; you can go back and 

have a look at it again. It is nice to get something that you think’s going to work and 

is going to be useful. And it’s not a wrong thing to go back and change it. (Female 

teacher 6, Focus group 2) 

 

Physics teaching strategies used 

Projects included action research on: questioning techniques; introducing the context and 

applications at the beginning rather than at the end of a topic (this was reported by teachers as 

especially successful); bringing more real-life context into the lesson (for example using short 

anecdotes); introducing relevant mathematics at the start of a topic to boost confidence; video 

peer assessment; more discussion; cross-curricular activities; incorporating outside speakers in 

class; students researching careers; and students’ presentations about what physicists do. 
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Teachers reported major effects on their own practice. They were more reflective about the 

relevance and contexts of the physics they were teaching (including careers), how important the 

quality of their teaching was to the student experience, and how knowing their students better 

contributed to effective planning. 

I have learned that the context is absolutely crucial, you need to hook the lesson, and 

then the content follows. (Male teacher 1, Focus group 5) 

 

It’s led me to reflect more on my teaching, and therefore, I think, I’ve been more 

inspired in my lessons to feel that I now know what makes students tick a little bit 

more. I’m aware much more of what they enjoy and what they don’t enjoy, and I’m 

more aware of different ways of working, which I’ve learnt from other professionals 

here. (Male teacher 5, Focus group 5) 

Paired t-tests showed that at the end of the programme, teachers had increased their use of non-

technical language, and more often encouraged dialogue between their students and between 

themselves and students (table 1). Furthermore, the teachers reported increasingly making links 

between physics topics, between physics and other subjects, with everyday life, with global and 

social issues, and with careers in physics. However, they differentiated less for high achieving 

students, and between boys and girls. This may seem surprising, but focus group discussions 

suggested that they concentrated on making physics more engaging for all students rather than 

focussing on students of a particular gender or level of attainment.   

Table 1 

Physics teaching strategies used by teachers before and after the intervention (a higher score 

indicates more use of the strategy) 

In your physics lessons, how often do you… Mean (SD) T-value 

Before After  

Encourage dialogue between teacher and student? 1.41 

(.53) 

2.97 (.18) 19.78*** 

 

Encourage dialogue between student and student? 1.16 

(.37) 

2.74 (.44) 21.09*** 

 

Differentiate between boys and girls? 1.89 

(.51) 

1.36 (.56) -4.97*** 

 

Differentiate for gifted & talented students? 2.86 

(.40) 

2.22 (.62) -6.35*** 

 

Use gender-neutral examples and illustrations? 1.69 2.55 (.63) 6.06*** 
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(.71)  

Link physics with careers? 1.53 (.54) 2.29 (.59) 6.84*** 

 

Link physics with everyday life? 1.60 (.62) 2.79 (.41) 11.76*** 

 

Link physics with global and social issues? 1.33 (.51) 2.41 (.56) 11.30*** 

 

Link physics with other subjects? 1.77 (.63) 2.35 (.55) 4.46*** 

 

Make links between topics? 1.81 (.61) 2.66 (.55) 7.19*** 

 

Use non-technical language? 2.12 (.62) 2.74 (.48) 5.98*** 

 

 

Teachers also reported that the ARP approach had impacts beyond their own classes.  

I’m the Head of Department, and at my school they have a system where we have a 

one hour development meeting a week, so I will lead those development meetings…to 

ensure that staff are taking on board the good things that I’ve learnt from this 

project; and that they’re putting it out into their lesson. Schemes of work will be 

written that incorporate it. (Female teacher 1, Focus group 9) 

 

This project in our school has actually raised the profile big time of science in the 

school. (Male teacher 1, Focus group 5) 

 

Senior managers’ views of the programme 

Almost all the school senior managers felt that the ARP programme had been useful, and 47% 

‘very useful’ for classroom improvement. More than a third (37%) said they planned to use their 

teachers’ findings in future staff development. Almost two-thirds (61%) said they would send 

other teachers on this PD course in the future, and 87% would recommend the course to other 

senior managers. 

Many senior managers had a clear understanding of their teacher’s intervention and the impact it 

had: 

Research has been carried out into motivating pupils in physics by developing 

coordinated cross-curricular programs of study. There have been huge benefits in 

terms of motivation and enjoyment of physics, and benefits for teachers, having the 

creative freedom to work together on a common project. (Senior manager 2) 
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 The project has accelerated [the teacher’s] understanding and ability to deliver 

online learning in his classroom. The teacher has shared this with other colleagues in 

science and across the school, and also with parents. (Senior manager 36) 

 

CONCLUSIONS AND IMPLICATIONS 

The approach taken by the ARP programme, i.e. providing physics teachers with research-

informed guidance, while allowing them to develop their own action research intervention within 

their own school context over a period of time, demonstrated increased teacher self-efficacy and 

confidence in engaging students in physics and making physics relevant. Most teachers reported 

that as a consequence of the ARP course they had started adopting new teaching strategies as 

advocated by the ARP tutors, and they also conveyed increased motivation and enthusiasm 

towards teaching physics, and that was matched by students generally reporting positive changes 

in their engagement with the subject. 

Key stakeholders in professional development for physics teachers are the senior managers in 

schools. They make the overall strategic and administrative decisions about how to meet 

teachers’ training needs, and consequently their overwhelming endorsement of the ARP 

programme in delivering classroom improvement is an important measure of its success. They 

have the ability and authority to send more teachers on such training programmes, and to 

broaden uptake of such approaches across and beyond their schools. Joyce and Showers (2002) 

emphasised the essential importance of senior administrators in adopting new teaching practices 

and their continued use. Senior managers can facilitate the conversion of what teachers have 

learned from PD into what is applied in the classroom. Chew and Andrews (2010) stress the 

importance of a teacher-led community to achieve the desired classroom practice, and we would 

maintain that strong leadership includes empowering teachers to develop their own teaching, by 

providing opportunity to carry out their own action research activities and share their findings 

with their colleagues on a regular basis. 
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Abstract: It is a challenge to foster in-service teacher development and get the bridge from 

knowledge acquisition to classroom practice. Although it is well known that attitudes are es-

sential for a transfer from knowledge into practice, there still seems to be a lack of research on 

the relation of attitudes, knowledge and teaching behavior. Additionally, there are inconsistent 

findings in the relationship of attitude and behavior. And the question that follows is then if 

attitudes are relevant, how can one change attitudes? In the SWiSE project (Swiss Science 

Education) we want to initiate developmental processes in science teaching. Additionally, 

teacher co-operation and collaboration within and between schools should be facilitated. In 

this premise we try to answer the questions how to sustainably professionalize teachers and 

whether SWiSE is more effective than traditional teacher professional development. Besides 

pedagogical knowledge (PK) and pedagogical content knowledge (PCK) our variables of in-

terest here are transfer climate; teachers’ exchange, co-construction, and synchronization with 

colleagues; constructivist teaching; and attitude toward the relevance of science education. 

In a controlled evaluation design our results show that a) science teachers’ knowledge (PK 

and PCK) is widely independent from teaching behavior in class, but to some extent corre-

lated with collegial behavior (exchange and co-construction), and b) that SWiSE only needed 

one school year to trigger off changes in teachers’ behavior, especially in exchange and colle-

gial co-construction of lessons. There is also positive indication that attitudes can be changed. 

Our findings indicate that SWiSE, as a long-term program, may have an impact on teachers’ 

attitudes and behavior. Yet, the results presented here are from the first pre-post test. There 

are two more assessments in the sample during the next 1.5 years. 

Keywords: teacher collaboration, knowledge, attitude, science education 

 

INTRODUCTION 

Teachers can encourage and guide students (Moreno, 1999), they are ought to be developers 

of conceptual understanding (Puntambekar, Styliano, & Goldstein, 2007). Hence, teacher 

training has to find solutions on how to best prepare teachers for inquiry-based learning in 

science classes. Besides various methods, today the golden path is knowledge acquisition, e.g. 

PK or PCK or any other relevant form of knowledge that is needed for professional develop-

ment. Van Merrienboer & Paas (2003, p. 8) see that “effective performance relies on an inte-

gration of skills, knowledge and attitudes […]."  

Yet, it is a challenge to foster in-service teacher development and get the bridge from knowl-

edge acquisition to classroom practice. Knowledge acquisition and the gap between knowl-

edge, intention, and action are recurring problems in research projects where the outcome 

variable is the change of behavior. In knowledge acquisition and knowledge development 

many studies are based on experimental designs, they confirm improvement after a short and 

intense intervention but, conclusively, rarely find effects on follow-up tests. Even if knowl-
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edge is gained or increased and also stable there is still the knowledge-practice gap, because 

knowledge may be stored inertly and thus is not available in the teaching situation (Renkl, 

Mandl, & Gruber, 1996). Gerstenmaier & Mandl (2000) summarize that it is not only 

knowledge representation but also the way how knowledge is acquired is causal for a transfer 

into action (p. 13). If one uses a quotation from Self-Determination Theory, where the word 

child is changed to teacher and teacher is changed to researcher one arrives at the following 

statement, where teachers do well in the classical post-test. Creativity can then be interpreted 

as the skill to use knowledge under new or different circumstances: 

„By learning what to do to get rewards and by doing just what the [researcher] wants, [teachers] can be-

come overachievers, but they will fail to develop the capacity to transform their learning into flexible, 

useful cognitive structures. They will memorize well, but they will not develop their capacity to think crea-

tively“ (Deci & Ryan, 1990, p. 246f.). 

This situation in knowledge-practice research paves a way for long-term interventions that 

allow in-service teachers to develop according to their needs. Teachers’ needs can be, for ex-

ample, to effectively manage their individual classroom situations or to individually receive 

task or problem centered support (Knowles, 1989, p. 83f.). With reference to Huber (2011) 

this andragogic view seems to be central for successful professional development of teachers. 

 

THEORY 

It has been said that the “relationship of attitudes and, specifically, dispositions and how they 

relate to teacher knowledge and performance is virtually unexamined” (Galluzzo & Craig, 

1990, p. 608f.). In 2009 Greenwald and colleagues found 122 research reports that addressed 

the attitude-behavior relation (Greenwald, Poehlman, Uhlmann, & Banaji, 2009). Also newer 

studies show disagreement in terms of the attitude-behavior relationship (see below). Other 

authors investigate the knowledge-behavior relationship, but do not consider attitudes (e.g. 

Kunter et al., 2013). Yet, together with knowledge, teacher-related variables in training pro-

grams should not be underestimated. Variables like teaching behavior, dispositions, percep-

tion of preparation, and practical use of training contents need to be assessed carfully 

(Galluzzo & Craig, 1990). Following Kirkpatrick & Kirkpatrick (2006) successful training 

evaluation should first consider customers’ satisfaction, knowledge acquisition and change in 

attitudes. Behavioral change and actual profit at work follow up on these variables. This is in 

line with the statement that “criterion variables in evaluation are: knowledge, teaching behav-

ior/ skills, attitudes and dispositions, perception of preparation” (Galluzzo & Craig, 1990, p. 

608f.).  

The Theory of Planned Behavior (TPB) (Ajzen, 1985) and later the Reasoned Action Ap-

proach (RAA) (Fishbein & Ajzen, 2010) provide good theoretical background for attitudes as 

predictors for behavior. TPB/ RAA assume variables as attitude, barriers, facilitators and 

skills to predict behavioral intention directly, and behavior indirectly. Yet, with reference to 

Lee, Cerreto, & Lee (2010), findings are not consistent and the authors refer to studies that 

find subjective norm and perceived behavioral control as only predictors of intention, or sub-

jective norm and attitude toward the behavior as significant predictors, or only attitude as a 

single predictor of intention. Besides these inconsistencies Oh & Hsu (2001) report several 

studies that suggest a direct influence of attitude on behavior. Yet, the authors’ own evalua-

tion of 226 gamblers resulted in a non-significant .04 path coefficient of attitude on future 

behavior. Attitude and past behavior correlated with .26. 

In addition to their individual characteristics, teachers are also embedded in their school envi-

ronment, and their colleagues for example can serve as contactors in challenging teaching 

situations (Meirink, Meijer, Verloop, & Bergen, 2009; Munby, Russel, & Martin, 2002; 

Yinger & Hendricks-Lee, 1993). Hence, the effect of school climate and inter-individual ex-
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change has to be considered if one wants to address teaching behavior. It has also been argued 

that teachers’ working knowledge depends both on their school environment and on the indi-

viduals within that environment.” (Munby, et al., 2002, p. 888).  

 

Research questions 

With this study we want to a) test the efficacy of our SWiSE development project and b) add 

to the discourse on attitude and its relation to current behavior, the relevance of knowledge on 

behavior. 

Our first research question considers teachers’ development within one school year. How does 

a program, oriented on the participants’ needs, affect attitudinal and behavioral variables? 

The second research question in this article addresses attitudes and behavioral factors and 

their relation to knowledge. How do attitudinal factors relate to co-operational and teaching 

behavior? And how do these relate to pedagogical knowledge (PK) and pedagogical content 

knowledge (PCK)?  

We approach these questions in non-standardized but highly individualized teacher training 

and hypothesize a) differences in the pre-post comparison on attitude towards collegial co-

operation, and constructivist teaching practice in SWiSE teachers compared to the control 

group after the first pre assessment, and b) significant correlations between PCK/PK, attitudes 

and behavioral variables. 

 

METHODS 

Procedure in SWiSE 

This study is part of the Swiss Science Education project (SWiSE; www.swise.ch). SWiSE 

aims to increase students’ interest and intrinsic motivation via a combination of school devel-

opment and teacher professionalization in relation to improved teaching and student commit-

ment (Maheshwari, Sharma, & Chatterjee, 2011). Besides other aims, SWiSE wants to initi-

ate, follow, and evaluate developmental processes in science teaching. Additionally, teacher 

co-operation and collaboration within and between schools should be facilitated. In this prem-

ise we try to answer the questions how to sustainably professionalize teachers and whether 

SWiSE is more effective than traditional professional development. 

SWiSE continuously offers a broad spectrum of professional development – e. g. learning 

modules, conferences, practice and network meetings, online platforms – and teachers are 

supposed to learn from and with each other. There is also individual coaching available, i.e. 

working with a coach for 3 years. A coach in our sense is a researcher and lecturer in science 

teacher education with practical teaching experience. 

 

Research design and participants 

SWiSE is evaluated in a double controlled multi-level panel design. In the experimental 

group, 118 teachers receive SWiSE offers as is explained below. Control group one, i.e. col-

league teachers (n=24) in SWiSE schools, is used to follow indirect SWiSE effects on col-

leagues. Control group two (n=20), off SWiSE’s reach, follow their usual practice. The evalu-

ation started in November 2012 and will end in summer 2015. Teacher assessments follow a 

beginning of school year (pre) – end of school year (post1) – end of school year (post2) – end 

of school year (post3) rhythm. Here we report results from the pre-post1 assessment. As we 

do not consider school effects in this study the two control groups were merged into one.  
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Chi-square tests do not show any significant group dependencies between SWiSE teachers 

and control teachers as regards their gender (Fisher’s Exact; p=.592), the grade they teach 

(kindergarten/ grammar school; primary school, lower-secondary school; X
2
(2)=.331; 

p=.848), and the teaching experience (X
2
(35)=31.623; p=.632; range=[1;39] years; 

AM=15.73 years; SD=10.19 years). 

 

Measurement procedure  

All instruments used are administered either paper-pencil or in an online version. The instru-

ments include questionnaires and a vignette test. The vignette test, as is described in detail 

below, is a qualitative instrument with an open-answer format and sent out solely online. All 

other scales are included in a questionnaire. The following part will give some information on 

constructs and scales used in the pre and post test 1 in November 2012 and June 2013. Ques-

tionnaires are generally sent out as a pre measure in the beginning of the school year 2012/13 

and then at the end of each school year until 2015 for post measurements (see Table 1). The 

vignette test as described below is administered pre-post 3 only, once in fall 2012 and once in 

spring/ summer 2015. 

 

Table 1 

General evaluation procedure on teacher level in SWiSE 

Nov. 2012 Jun. 2013 Jun. 2014 Jun. 2015 

Almost begin school 

year 
End school year End school year End school year 

Pre test Post test 1 Post test 2 Post test 3 

Questionnaire Questionnaire Questionnaire Questionnaire 

Vignette test --- --- Vignette test 

  

Constructs and instruments on teacher level 

The variables Attitude toward science education, constructivist teaching behavior, exchange – 

co-construction – synchronization, and transfer climate were assessed in an online question-

naire on a 4-point Likert scale (strongly disagree=1 to strongly agree=4). 

Attitude toward science education: 4 items were adopted from Blömeke, Felbrich, & Müller 

(2009), e.g. “Science is useful for every profession or job.” The scale’s reliability (Cronbach’s 

alpha) is very good (αpre=.77; αpost 1=.77). 

Constructivist teaching behavior: On the basis of Muijs & Reynolds (2011), Duit & 

Wodzinski (2006), Rakoczy, Buff, & Lipowsky (2005), Widodo (2004), and Widodo & Duit 

(2004) as well as in co-operation with colleagues we created 10 items that assess teachers’ 

constructivist understanding of learning (e. g. “In my lessons I ask students about their con-

ceptions and subjective explanations and build up on these”.) Cronbach’s alpha of the scale 

was very good with αpre=.81 and αpost 1=.72. 

Cooperation and networking: Gräsel (2006) and Gräsel, Fussnagel, & Pröbstel (2006) opera-

tionalized co-operation in three dimensions: exchange (4 items), co-construction (6 items), 

and synchronization (3 items). Items were taken from the publication and adapted to the 

SWiSE project (e. g. “I exchange material with colleagues in the science section.” for ex-

change, “I test new experiments together with my colleagues in the science section.“ for co-

construction, and “Together with colleagues in the science section and on the same grade lev-
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el I parallelize the sequences of topics.” for synchronization.) Cronbach’s alpha values in the 

pre test were moderate to good with values of .58 (exchange), .80 (co-construction), and .74 

(synchronization); in the post test 1 similar values were computed: .57 (exchange), .81 (co-

construction), and .70 (synchronization).  

Transfer climate, used by Klein-Heßling & Drössler (c. f. Jerusalem et al., 2009), is a 9 item 

scale indicating collegial discourse or openness, e. g. “At our school grievances and 

pedagogical errors are not openly discussed.“ We used the original version and its Cronbach 

alpha was acceptable with a value of .65 in the pre test and .62 in the post test 1. 

Pedagogical knowledge and pedagogical content knowledge: Based on the idea of Shulman 

(1987) introduced the notion of teaching relevant knowledge, especially pedagogical 

knowledge and pedagogical content knowledge. In our study these were assessed in a vignette 

test that had been developed and validated by Brovelli, Bölsterli, Rehm, & Wilhelm (2013). 

Eight vignettes are presented online in a written form. In each vignette experts placed up to 

nine problems (items) and if teachers comment on these issues properly, their knowledge is 

considered high on the underlying dimension (example in Figure 1). The test must be seen as 

one unit and thus single vignettes do not have diagnostic potential. The vignettes were origi-

nally designed for teachers on upper secondary level, but not for teachers on kindergarten, 

primary or lower secondary level. Thus, in co-operation with the authors (Brovelli et al., 

2013), we adapted 3 vignettes in order to better meet our peers’ characteristics. The whole test 

consists of 8 vignettes and 33 items (problems), 12 items represent pedagogical knowledge 

and 21 items are associated with pedagogical content knowledge. The comments from teach-

ers were coded by two trained coders on a medium inference level. Medium inference level 

means that the coders used a manual with examples for the codes (0: problem not recognized, 

1: problem recognized, 2: problem recognized and an acceptable alternative given), but still 

had to draw inferences on non-exemplified comments. In sum we received 5347 data points 

and 214 (4%) were double-coded. Krippendorff’s alpha for ordinal data between vignettes 

ranged from .64 to .86, which can be considered good values (Krippendorff, 2004). 

 

 

Note: Due to validity vignette is not translated 

Figure 1. Example of a vignette (theme: composites of air) with exemplified latent problems 

code 1 
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Data analysis 

We used SPSS 20.0.0 for statistical analyses. In all analyses we used mean scores of the 

scales. Means were only computed for those participants that answered every item of a scale. 

Correlations and group comparisons were performed with listwise deletion. Comparisons of 

attitudinal/ behavioral scales and PCK/ PK were carried out with z-standardized means. Anal-

yses are intervention-control-group only, i.e. control group 1 and control group 2 - as de-

scribed above - were merged to a single group. In group comparisons Cohen’s d is used as the 

effect size and post hoc power analyses is performed. It is agreed that power should exceed a 

value of .80. 

 

RESULTS 

Correlations 

Table 1 shows the correlation matrix of all variables for the pre and the post test 1. Cronbach’s 

alpha coefficients do not vary much. This indicates that the constructs are of stable reliability. 

The diagonal splits the coefficients into pre test below and post test 1 above. One can see that 

differences in the coefficients are not large, except in the case of Attitude toward the rele-

vance of science education (ATRS). There the values doubled by 50% with the exception that 

the correlation between ATRS and constructivist teaching lowered from .43 to .26.  

Teachers’ perceived transfer climate is closely connected to the co-operational factors ex-

change, co-construction, and synchronization, but the latter shares least variance with transfer 

climate, especially in the pre test. The co-operational factors among themselves also share a 

large amount of information as they correlate between .33 and .60 in both measurings. 

PK and PCK were assessed in the pre test only and are significantly correlated (r=.47). But 

they are generally uncorrelated with attitudinal and behavioral factors. Only PK shows signif-

icant correlations with exchange (r=.19) and with co-construction (r=.17).  

 

Table 2 

Correlations pre and post test 

Pre \ Post (1) (2) (3) (4) (5) (6) (7) (8) 

(1) Transfer climate .65/.62 -.40*** -.34*** -.26*** -.04*** -.10*** 
 

 

(2) Exchange -.36*** .58/.57 -.52*** -.33*** -.40*** -.25*** 
 

 

(3) Co-construction -.32*** -.54*** .80/.81 -.56*** -.33*** -.23*** 
 

 

(4) Synchronization -.17*** -.41*** -.60*** .74/.70 -.18*** -.19*** 
 

 

(5) Construct. teaching -.06*** -.34*** -.30*** -.21*** .81/.72 -.26*** 
 

 

(6) ATRS -.03*** -.18*** -.10*** -.03*** -.43*** .77/.77 
 

 

(7) PK -.02*** -.19*** -.17*** -.15*** -.13*** -.00*** !  

(8) PCK -.01*** -.09*** -.05*** -.03*** -.04*** -.07*** -.47*** ! 

*p<.05; **p<.01; ***p<.001; N(pre)=132; N(post)=143 

Notes: Cronbach’s alpha values bold on the diagonal: left=pre, right=post 1; below diagonal pre test correlations, 

above diagonal post test 1 correlations;  

PK/PCK only assessed at pre test; correlations computed with z-standardized values in pre test only 

ATRS: Attitude toward the relevance of science education 

!: Interrater reliabilities for vignettes: Krippendorff’s alpha (ordinal data)=[.64 to .86] 
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Group comparisons 

t-tests pre measures 

An independent samples t-test for the pre measures was performed. Due to error-type-I infla-

tion in multiple tests we corrected alpha to a .008 level (.05/6 =.008). Figure 2 shows the 

means and significant differences in the attitudinal and behavioral variables between project 

and control teachers. Project or SWiSE teachers show higher mean values than control teach-

ers in each variable, but only in exchange there is a significant difference (t(49.25)=2.81, 

p=.007, d=.62). SWiSE teachers seem to have more exchange with colleagues than control 

teachers do. There is also a marginal difference in constructivist teaching (t(74.49)=2.04, 

p=.045, d=.36) when the alpha adjustment is not considered. 

 

 

Note: Project=SWiSE teachers (N=101), controls (N=35); ATRS: Attitude toward the relevance of science edu-

cation; p adjusted = .05/6 = .008; in brackets significance without correction 

Figure 2. Group comparison on pre test measures (independent samples t-test) 

 

Repeated measures MANOVA 

Figure 3 shows pre-post means in the SWiSE and the control group teachers for transfer cli-

mate, exchange, co-construction, synchronization, constructivist teaching, and attitude toward 

the relevance of science education. The controls seem to keep their level from pre to post. 

SWiSE teachers improve in exchange, co-construction, constructivist teaching, and the atti-

tude toward the relevance of science education. They show a decrease in their perception of 

the transfer climate at their school and synchronization with colleagues. 

We performed a repeated measures MANOVA for the pre-post 1 assessment. Group was en-

tered as between-subject factor.  

Between subjects Pillai’s Trace values indicate a significant effect for group (F(6,111)=3.92, 

p<.01, d=.92). Ex post calculated power is above .80. Univariate tests find significant effects 

between groups for exchange (F(1,116)=18.63, p<.001, d=.80, power=.99) and for construc-

tivist teaching (F(1,116)=6.72, p<.05, d=.48, power=.73). In Figure 3 one can see that in 

SWiSE teachers, after one school year, improve in exchange by .07 and in constructivist 

teaching by .04, whereas control teachers keep stable in both variables. 
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Within subjects Pillai’s Trace shows a significant time effect (F(6,111)=5.55, p<.001, d=1.10, 

power >.80). The effect of time is found in co-construction (F(1,116)=13.77, p<.001, d=.69, 

power=.96) and synchronization (F(1,116)=5.62, p<.05, d=.44). But power for synchroniza-

tion is below .80. The time-group interaction is not significant. 

Exchange with colleagues is more intense in SWiSE teachers (grand mean=3.36, SE=.04) 

than in control teachers (grand mean=3.04, SE=.06) and constructivist teaching is also more 

distinct in SWiSE teachers (grand mean =3.18, SE=.04) than in the control group (grand 

mean=3.00, SE=.06). 

 

 

Note: SWiSE (N=86), controls (N=32); ATRS: Attitude toward the relevance of science education 

Figure 3. Pre-post means of attitudinal and behavioral factors 

 

DISCUSSION AND CONCLUSION  

As has been stated in the introduction we wanted to evaluate teachers’ development within 

one school year. Our variables of interest were transfer climate, exchange, co-construction, 

synchronization, constructivist teaching, and attitude toward the relevance of science educa-

tion. The results show that, firstly, the SWiSE teachers started off into the project on an iden-

tical level that the control teachers have. The only significant difference in the pre test was on 

exchange, where SWiSE teachers were more active. This indicates that the control group was 

well sampled and that there is hardly evidence for a selection bias in the SWiSE group. We 

then analyzed the development over one school year. Time has got a significant effect on the 

development, especially with reference to co-operational variables, here co-construction and 

synchronization. Between groups exchange and constructivist teaching have significant ef-

fects. As exchange and co-construction change positively and synchronization drops in 

SWiSE one could interpret that some changes go on in SWiSE schools. If the three variables 

are in hierarchical order, then it seems plausible that the habitual synchronization has to be 

reconfigured due to new or more or different exchange and co-construction. In regard of atti-

tude toward the relevance of science education no significant changes are found, but descrip-

tive numbers indicate a positive trend toward change. In general, our results show that the 

SWiSE program affects relevant variables already after one school year. Therefore, we as-

sume that we could add to the notion that long-term development programs help teachers 
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change in the right way. With future post tests on the same sample we will be able to analyze 

whether these changes are stable. 

The second research question we addressed was attitudinal/ behavioral factors and their rela-

tion to PK and PCK and hypothesized significant correlations. Our results show that PK and 

PCK correlate strongly and significantly. Also, attitude toward the relevance of science edu-

cation and constructivist teaching behavior correlate strongly and significantly. As behavior 

was operationalized as a generalized retrospective self-report this seems to be in line with Oh 

& Hsu (2001) that past behavior is correlated with attitude. With this we could strengthen the 

idea that attitude seems to be a highly relevant variable if one wants to address teaching be-

havior in a developmental program. As has been said before, descriptive numbers indicate that 

a development program could achieve change in attitude. 

Yet, neither PK nor PCK share variance with attitudinal/ behavioral factors. Significant corre-

lation coefficients are rather small. Knowledge seems to be independent from attitudes that 

are relevant for science teaching and constructivist teaching behavior. An explanation for this 

result could be that, in the vignette test, knowledge is measured in situ and constructivist 

teaching is a generalized self-report. Thus, these variables may be located on two different 

systems, e.g. implicit (vignettes) and explicit (self-report). Another explanatory assumption 

could be the competence-performance distinction that has been suggested by Chomsky 

(1965). There the author postulates competence and performance as two independent varia-

bles. This explanation would be plausible if the vignette test measures competence instead of 

knowledge. In this study we cannot answer these questions, and further research is needed to 

address these problems.  
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Abstract: The purpose of any teacher continuing professional development (CPD) is 

to ensure a positive change in pupils’ outcomes, yet the evaluative evidence to support 

this relationship is often weak or missing. The assessment often relies on qualitative 

data of teachers’ opinions rather than any data related to pupil progress. Using the 

CPD programme for science teachers and support staff  at  the UK National Science 

Learning Centre, this research investigates how CPD strategies can facilitate the most 

impact on students’ achievement in sciences backed by ‘hard’ and rigorous evidence.   

Using impact forms that teachers complete two or more months after each residential 

CPD session, this study provides quantitative and qualitative examination of teachers’ 

accounts of their post-CPD actions, evidence of outcomes and impacts. Two 

contrasting narratives employed by  teachers to depict their post-CPD experience are 

identified: Narrative 1 is pupil-focused, structured and contains measurable evidence, 

while Narrative 2 contains a description of what and how teachers did and what they 

think about the  experience. Looking at the content and methodologies of the sampled 

CPD courses, we established that teachers used Narrative 1 more frequently when 

their CPD courses contain special training in ‘reflective practices’ and ‘action 

research’ methodologies. This learning facilitated their ability to plan a sequence of 

actions, focus on tangible outcomes for pupils and systematically measure these 

outcomes. Improving teachers’ research and reflective skills and their ability to use 

evaluative data can also boost teachers’ confidence and motivation to continue 

innovating, increase the sustainability of change and the likelihood of its further 

dissemination to colleagues in school and beyond.  This finding is consistent with 

other studies that point to the value of ‘action research’ in CPD and will be used in the 

National Science Learning Centre’s ongoing revision of CPD strategies and 

evaluation tools.   

Keywords: professional development, impact on pupils, impact evidence, action 

research 

 

BACKGROUND, FRAMEWORK AND PURPOSE 

Continuing professional development (CPD) for science teachers is an essential 

strategy in improving the quality of teaching and learning in science classrooms in 

England.  Although the ultimate purpose of any CPD activity is to ensure a positive 

change in pupils’ outcomes (Guskey 2000), the evaluative evidence to support this 

relationship is often missing (Harris et al 2006). Instead the assessment frequently 

relies heavily on qualitative data of teachers’ opinions rather than any data related to 

pupil progress.  
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Driven by the current UK Coalition Government’s ambition to create a more 

autonomous and self-improving school system,  there are cultural changes in the 

English education landscape including the monitoring of schools’ quality of self-

evaluation and the impact of their provision on students’ achievement (Department for 

Education 2010). One of the English school accountability requirements is the new 

Ofsted Framework for the Inspection of Schools (2012) which places an explicit 

requirement on schools to show the link between performance management, CPD 

provision and the impact on outcomes in the classroom.  

Using the CPD provision for science teachers and support staff at  the UK National 

Science Learning Centre, this research  investigates which CPD strategies provide the 

most impact on students’ achievement in science using ‘hard’ and rigorous data as 

evidence.   

Rationale 

The National Science Learning Centre provides CPD for science teachers and 

technicians throughout the 5-19 age range in England with some devolved provision 

in Wales, Scotland and Northern Ireland.  The Centre provides single and multi-

contact residential CPD for teachers on subject content knowledge, subject 

pedagogical knowledge, leadership of science, as well as CPD for support staff 

including technicians and teaching assistants.  

The outcomes of the CPD are evaluated using the Guskey (2000) model of the five 

impact levels including teacher’s reaction, learning, changing practice of self and 

colleagues and outcomes for pupils.   

An ‘impact toolkit’, using three evaluation instruments, is embedded into the CPD 

sessions: 

 The intended learning outcomes are collected from participants prior to the 

first CPD session 

 A personalised action plan is developed by participants as a result of each 

residential CPD.  Teachers are encouraged to think what action points will be 

most relevant to their own schools and then to produce a detailed outline of 

goals, beneficiaries, success criteria, timeline, required resources, potential 

barriers and sources of help they might need to succeed.   

 Impact report - a self-reported evaluation of the actions completed two or 

more months after each residential CPD session which is approved by their 

line manager before being submitted.  It includes evidence of impact on 

participants’ knowledge and practice, pupils, colleagues and wider school.  

Based on the principle of ‘embedded evaluation’ (Parry & Berdie 2004) the ‘toolkit’ 

aids participants’ learning and simultaneously provides valuable evaluation and 

impact feedback. Most of the questions are open-ended and there are no restrictions 

on how participants structure their answer, e.g. bullet points or vignettes.  

 

METHOD  

Research design for this study consisted of both quantitative and qualitative 

examinations of impact reports from the participants of multi-contact CPD courses, 

which  contain teachers’ feedback on actions they implemented in school after the 
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first training period, including the analysis of impacts and review of evidence that 

teachers collected to support their impact claims.  

Our main research interest was twofold; we looked into the nature of reported impact 

on pupils and collected evidence in order to: 

a) uncover structural differences in the level of reported impact and evidence  

b) understand reasons behind this variation, i.e. what elements of CPD training 

help to maximise the impact on pupils and to improve the quality of evidence   

Quantitative study  

Using pre-existing evaluation data that is annually composed from the analysis of a 

stratified sample of impact reports, we undertook a year-on-year comparative 

examination of the data that records the impact on pupils.  Overall, we reviewed 825 

impact forms from 46 multi-contact CPD courses that were provided by the National 

Science Learning Centre between September 2009 and May 2013.  

The sampling principle behind the selection of courses for the annual evaluation 

analysis is to mirror the overall structure of courses offered in the current academic 

year.  Since the CPD programme is also annually revised in line with the changing 

educational landscape and fluctuating demand for particular CPD topics, the 

combination of courses sampled in each year can vary. Actual availability of impact 

data at the time of the analysis places an additional constraint on this selection. 

Overall, it means that only a small number of courses feature in the analyses in three 

subsequent years. However, the theme range of analysed CPD courses remained 

similar and included CPD in subject specific and general teaching and learning 

science, leadership of science, primary science and support of teaching science. Table 

1 shows impact forms in each category of CPD theme that were quantitatively 

analysed. 

 

Table 1 

Number of impact forms included in the quantitative analysis by CPD Themes 

 
2009-10 2010-11 2011-12 2012-13 2009-13 

Leadership 
 

65 79 110 254 

Subject-specific 52 92 81 79 304 

Teaching and Learning 8 14 35 44 101 

Primary 38 67 
 

22 127 

Supporting Science Teaching 18 
 

21 
 

39 

ALL COURSES 116 238 216 255 825 

 

Qualitative research  

From the analysed sample we selected two sub-samples of subject-specific courses in 

two different categories:   

Category 1: two courses (33 impact forms) that contained the highest number of 

participants who reported impact on pupils and provided higher quality ‘hard’ 
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evidence of the impact on pupil’s progress and attainment (e.g. test results, research 

experiments, pupil questionnaires)  

Category 2: two courses (30 impact forms) with the lowest level of reported impact 

on pupils and mostly ‘soft’ data (e.g. self-reflection, colleagues’ or pupils’ anecdotal 

comments) presented as evidence 

For each category we undertook qualitative text analysis of impact forms and 

identified the prevailing narratives that teachers employed to depict their post-CPD 

experience including the impact on pupils’ outcomes.   

The next step of the research was to develop a better understanding of the structure 

and elements of CPD training that prepare teachers for their post-CPD actions. For 

this purpose we reviewed the four CPD courses involved in the qualitative analysis 

comparing their goals, session content, training strategies and instructions for 

planning post-CPD actions (i.e. support in action planning) and their evaluation 

(impact form).  This was done through the analysis of course materials (sessions and 

resources), interviews with course leaders and a number of CPD session observations 

in one of the courses with the highest rate of reported impact on pupils.  

The findings of the qualitative research was corroborated by re-examining the 

quantitate impact and evidence data collected annually. 

 

RESULTS 

The evaluation data collected from 46 CPD courses delivered at the National Science 

Learning Centre between 2009 and 2013, which is shown in Figure 1, demonstrates 

that although there was an overall year-on-year increase in the number of participants 

reporting impact on pupil, there were very noticeable variations between different 

courses.  

 

Figure 1. Impact on pupils reported by participants of multi-contact CPD courses, 

NSLC, 2009-2013 

 

This was expected for differently themed courses. For example, it is reasonable to 

suggest that teachers who attend subject leadership CPD are more likely to focus on 

management and longer-term departmental goals and consequently, less likely than, 

for example, attendants of subject-specific CPD to generate direct impact on pupils 
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and/or collect the necessary evidence for it in two-three months after the CPD 

training. 

Yet, when we analysed the impact data for similarly themed courses such as subject–

specific courses, there was still a noticeable and significant difference in the number 

of teachers who report impact on pupils. This is shown on Figure 2. 

 

 

Figure 2. Impact on pupils reported by participants of  subject-specific courses (% of 

all reports per course) 

 

Without a doubt, participants’ teaching experience or position within the school (e.g. 

science subject leader vs. newly qualified teacher) can influence the scale and success 

of post-CPD actions and consequently explain some variation in the level of reported 

impact.  For instance, occasionally we receive impact reports from participants who 

were unable to implement their original action points and/or had to radically change 

their action plans. These are more likely to be junior members of the teaching staff, 

like newly qualified teachers or technicians, who, when back in school after CPD, can 

find that their line managers or school have changed priorities and asked them to 

focus on different goals.  

However, this factor alone could not explain all the significant differences. The same 

teachers, who experience difficulty with reporting the effect on pupils, are very 

positive and confident in describing benefits to their own knowledge, improvements 

in the quality of their teaching and showing the use of new skills and pedagogical 

strategies in the classroom. Overall, the reported impact on ‘Self’ is much higher than 

impact on pupils and it is relatively consistent across courses.  

On average, nine out of ten participants claim impact on personal knowledge and 

practice with some courses recording 100% impact, but even the least ‘impactful’ (in 

terms of pupil outcomes) courses display no less than 80% impact on ‘Self ‘.  For 

example, courses S18 and S20 in Figure 2 with relatively modest rates of impact on 

pupils have correspondingly 88% and 100% participants reporting impact on their 

own knowledge, skills and practice.  If teachers say that they have used new 

knowledge, skills and resources in classroom, why are they not able to assess its effect 

on pupils?  

To investigate deeper causes behind such an obvious discrepancy in evaluation data, 

we performed a narrative analysis of impact reports selected from courses with the 

highest (Category 1) and the lowest (Category 2) levels of reported impact on pupils. 
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Although teachers’ impact reports within each category vary in style and language 

used, there were nevertheless recognisable similarities in the way the accounts within 

each group were structured, which set them apart from the impact reports in the other 

category. Using a comparative analysis of impact reports across categories we were 

able to discern two contrasting types of narrative which teachers use to portray their 

post-CPD actions, to describe outcomes, analyse impacts and demonstrate supporting 

evidence.  

Narrative Type 1 is a pupil-focused and structured account of impacts with an explicit 

reference to measurable evidence (past, present or future). The sequential description 

of events and actions that teachers took is not time-bound, but is reminiscent of a pre-

conceived ‘research design’ that glues together post-CPD actions and incorporates a 

plan for evidence collection. When reflecting on personal learning the narrator keeps 

the focus on outcomes for pupils.   

In contrast, Narrative Type 2 is a teacher-centred description of actions that were done 

after CPD, where the analysis of impacts is mixed with or fully substituted by a 

timeline or inventory-style list of accomplished actions. In a similar fashion, the 

reference to hard evidence is scarce while personal or colleagues’ opinions and 

dissemination activities are frequently cited as evidence of impact. The reflective 

learning is predominantly centred on ‘self’ (i.e. “what I did correctly and what needs 

changing”) without any reference to outcomes for pupils. Table 2 summarises the key 

elements of each type of narrative and Table 3 provides their illustrations taken from 

teachers’ impact reports. 

 

Table 2 

Summary descriptions of Narrative 1 and Narrative 2  

Narrative Type 1 Narrative Type 2 

 focus on measurable outcomes for pupils 
 focus on actions by self and 

others 

 sequence of actions structured by 

‘research design’ 

 unstructured ‘menu’ of post-CPD 

actions 

 evidence collection is  pre-planned (e.g. 

collection of baseline and post-

intervention data) 

 ad hoc evidence collection and 

general difficulties with 

evidencing the impact on pupils 

 use of measurable evidence to promote 

further dissemination of ‘good practice’ 

to colleagues 

 

 use of opinions, subjective 

judgements and examples of 

dissemination as evidence of 

impact 

 

In the next stage of our research we looked at the content and training strategies of the 

sampled CPD courses, trying to identify if there were any obvious reasons that could 

explain this qualitative difference in reporting the CPD impact.  To compare the 

courses we studied course programmes and materials and interviewed CPD providers. 

We established that although all CPD courses at the National Science Learning Centre 

have been using the Impact Toolkit and requiring participants to develop an Action 

Plan of after-CPD activities, courses in Category 1 also provided participants with an 

additional training in ‘reflective practices’ (Bolton 2010) and ‘action research’ 
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(McNiff & Whitehead 2002). This training was not included in CPD courses in 

Category 2. Hence, teachers were more likely to use Narrative Type 1, i.e. provide 

pupil-focused accounts and show understanding of the importance of rigorous 

evaluation, when their reflective and research skills were also targeted by CPD. 

 

Table 3 

Narrative 1 and Narrative 2:  Examples from teachers’ impact reports 

Narrative 1                      Male teacher, CPD Course: Physics for non-specialists, 2011 

Reflection on Learning: I appreciated that I do already incorporate a great deal of 

engaging activities in my lessons. The value of INSET and the research is in expanding 

the number of engaging and effective teaching activities/strategies  I employ and in 

showing me how effective they are in moving the student’ learning forward. I kept this 

project manageable and focused and as a result got useful information from it.  

Impacts and Evidence: I have two year 8 groups. I tested the baseline knowledge of 

both using a concept cartoon. One group were ‘lectured’ on energy transfer theory and 

then asked them to do text book questions.  
The second group I taught the same concept, but with more imaginative techniques, 

such as a modelling activity and engaging demonstrations followed by discussion. 

Through these activities students were able to iron out misconceptions. (Lesson plan 

attached) 

I then re-tested both with the same concept cartoon. I found the first group went from 

30% demonstrating an understanding at the start to 52% at the end. The second group 

went from 44% to 97%.  These successful teaching techniques have been added the 

scheme of work in the school. 

Narrative  2   Female teacher,  Course: Applied and Vocational Training for 14-19 year olds 

Reflection on Learning: To achieve the action plan and also to recruit “friendly” 

colleagues to work with on tasks. Reduce the size of each task to a manageable level. 

Planning for next year has been organised for BTEC delivery and I am determined to 

encourage colleagues to take part. 

Impacts and Evidence: 
• Organised external seminar at UCWTN 

• Organised opportunity to “measure-up” a real space for lab design project 

• Visited Blackpool Victoria Hospital Pathology Department with a view to 

linking to practicals 

Personal visit to QCNW to include element in assignment work 

 

Course leaders were interviewed after the delivery of the courses. Their view was that 

training teachers in reflective practices transforms their attitude and understanding of 

professional learning, makes teachers active and critical users of knowledge, skills 

and pedagogical strategies acquired through CPD.  The use of action research in CPD 

helps teachers to realise that their post-CPD interventions is a type of social research, 

which requires proper planning of impacts and ways to measure them.   

Moreover, this type of CPD equips teachers with a set of methodologies and tools, 

used in social rather than science research, thus facilitating teachers’ ability to plan 

actions and impacts in advance, focus on tangible outcomes for pupils and evaluate by 
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systematically measuring these outcomes.  Figures 3a and 3b show two of the 

presentation slides used for teaching action research within  a Category1 course.   

 

Figure 3a: Presentation slide from the CPD course Physics for Non-Specialists 

describing Action Research  

 

Figure 3b: Presentation slide from the CPD course Physics for Non-Specialists 

(Category 1) showing how to collect evidence of impact after classroom innovation   

 

When participants come to the second residential period of CPD they make 

presentations of what they did after the first training period and show collected 

evidence of impact. According to course leaders, who observe and compare 

participants’ presentations, the inclusion of training in reflective practices and 

especially in ‘action research’, improves the effectiveness of teachers’ work after 

CPD as well as the quality of impact evidence they accumulate. CPD leaders attribute 

this change to the improvement in teachers’ research and evaluation skills that allow 

moving away from ad hoc search for evidence to pre-planning of quantifiable impacts 

and ways to measure them. Figure 4 demonstrates a piece of high quality evidence 

submitted by a teacher who received training in action research. It shows that the test 

group of pupils had a higher increase in the number of pupils attaining their target 

grades than in the control group.  
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Figure 4: Example of evidence of impact presented by a participant of CPD course 

Physics for non-Specialists (Category 1) at the second residential training session  

 

From the interviews with CPD leaders we learnt that with time they gradually 

introduced ‘reflective practices’ to more courses run at the National Science Learning 

Centre. Re-examining aggregate impact data from 2009-2013, presented at Figure 5, 

we established that the overall increase in the reported impact on pupils was 

accompanied by a growing focus on pupils’ learning and achievement and a decrease 

in the number of teachers who only claim ‘softer’ impacts (e.g. ‘Pupils seemed to 

enjoy the experience’), which corresponded to a growing number of courses that 

introduced or increased the element of ‘reflective practice’ and ‘action research’ 

element in their CPD. 

 

Figure 5: Different impacts on pupils reported by CPD course participants in 2009-

2013  

 

The introduction of reflective practices was particularly noticeable in 2011-12, so we 

reviewed the evidence that teachers from the sampled courses collected for their 

impact reports in this year and compared it to the evidence that was presented in 

2009-10.  As it is demonstrated in Figure 6, the increase in the volume and quality of 

data was very apparent: more teachers more frequently used ‘hard’ measured evidence 

of pupils’ outcomes. 
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Figure 6:  Evidence used by teachers to verify the impact (by types of data)   

 

CONCLUSIONS AND IMPLICATIONS  

Our research indicates that the embedding of ‘action research’ and ‘reflective 

practices’ in CPD training has a definite beneficial effect on teachers’ ability to plan 

for pupil-centred outcomes and to collect evidence of impact on pupils’ achievement. 

Teachers learn to understand the context in their own classroom, department or 

school, identify small changes that they had the power to implement and criteria to 

weigh the success of their actions. Positioning the teacher as the ‘agent of change’, 

who is able to critically evaluate the evidence, has implications for the sustainability 

of change and the likelihood of its further dissemination to colleagues in school.  It 

boosts teachers’ confidence and motivation to continue with research and innovation, 

while the credibility of hard evidence helps to convince management and colleagues 

to try out the innovation.  

This finding is consistent with other studies that point to the value of ‘action research’ 

in CPD (McNiff 2010) and is being used in our ongoing revision of strategies used in 

CPD training at the National Science Learning Centre.  The challenge is that teaching 

‘action research’ and reflective practices takes additional training time, which makes 

it unsuitable for professional development of shorter duration (one or half day). To 

reduce the training time and make the learning of evaluation skills more consistent 

across courses, we are in the process of revising the tools in the Impact toolkit and the 

supporting material offered to all CPD participants.  The purpose is to make teachers, 

irrespective of the content and type of CPD they undertake, focus on outcomes for 

pupils and to flag the importance of planning for the collection of   evidence of impact 

well before the action is started.  The new impact toolkit and evaluation process is 

being piloted during the academic year 2013/14 and a revised version will be 

implemented from September 2014.  
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Abstract: Professional Learning Communities can mediate the transition from the 

predominant culture of teaching and learning to a new culture of science education. 

Professional Learning Communities (PLC) have been found to be very successful in 

supporting teachers’ professional development. In this respect, learning from and with 

each other is of paramount importance. However, we know little about how social 

interactions amongst members develop during the life span of such a community. This 

qualitative study applies Social Network Analysis (SNA) to visualize these dynamics. 

In order to be able to observe substantial aspects of these interactions, the study refers 

to a framework of reference which is based on characteristics of a Community of 

Inquiry (CoI). The results indicate that SNA is a useful method for the course 

management to gather insight into the complex social structures that exist amongst 

course participants. This knowledge is assumed to be helpful for teacher trainers to 

support developmental processes of a CoI more effectively. 

Keywords: professional learning communities, inquiry based science education, social 

network analysis, learning outside the classroom 

INTRODUCTION 

Recent studies such as PISA, TIMSS and ROSE have revealed that traditional science 

education neither succeeds well in promoting the interest of pupils in science in 

general, nor in motivating them to pursue scientific careers in particular. The Rocard 

report (2007) postulates that: 

whereas the science education community mostly agrees that pedagogical 

practices based on inquiry based methods are more effective, the reality of 

classroom practice is that in the majority of European countries these methods 

are simply not being implemented. (p.2) 
 

For this reason, a number of education projects focusing on implementing Inquiry 

Based Science Learning (IBSL) in European classrooms have been initiated in recent 

years. Moreover, the authors of the Rocard report suggest that: 

Teachers are key players in the renewal of science education. Among other 

methods being part of a network allows them to improve the quality of their 

teaching and supports their motivation. (Rocard Report, 2007, p.3) 
 

In the context of the EU-FP 7 Science and Society funding scheme, the project 

“INQUIRE – Inquiry based teacher training for a sustainable future” ran two training 
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courses which have been evaluated. The main focus of these training courses was to 

establish collaborations and to encourage the exchange of knowledge between schools 

and Learning Outside the Classroom (LOtC) institutions, such as botanic gardens and 

natural history museums (www.inquirebotany.org). 

 

One crucial feature, inter alia, of a successful teacher-training course is to actively 

support participants in becoming a Professional Learning Community (PLC) 

(Timperley, Wilson, Barrar & Fung, 2007). Often, these communities emerge among 

people working closely in a single institution (Hall & Hord, 2006) while others 

involve staff from various institutions (Wenger, 1998). In this study the expression 

Community of Inquiry (CoI) is used to describe the social learning environment 

created in the INQUIRE training courses because teachers and educators from various 

schools and LOtC venues took part in them. 

The term Inquiry seems to be even more appropriate because course 

participants are joined by an agenda which actively engages them in their own 

inquiry project as well as in reflecting on their practice. (Kapelari 2012, p. 28) 

Lumpe (2007) states that meaningful collaboration is at the centre of all professional 

learning communities. Hall and Hord (2006) describe further characteristics such as 

the appearance of supportive and shared leadership, shared value and vision, 

collective learning and application of learning, supportive conditions, and shared 

personal practice. People normally participate in these communities on a voluntary 

basis. Their formation is based on the interest and passion of people for a specific 

topic and their wish is to collectively develop this knowledge for their professional 

practice (Wenger, McDermott & Snyder, 2002). Therefore a CoI should enable and 

support all its participants in their professional learning process as well as enable them 

to critically question their practice. A CoI has an informal structure. It emerges, grows 

and disappears following a particular life cycle (Wenger et al., 2002). 

The definition of a CoI is based on the theory of situated learning. Situated learning 

means that the context and the situation of the learning environment are integral parts 

of the learning process. They strongly influence which knowledge and skills are 

acquired and in which situations these skills can be applied (Brown, Collins & 

Duguid, 1989). A decisive factor for the acquisition of knowledge is the physical and 

social context in which the learning parties find themselves during the learning 

process. Learning includes the whole person, not only in relation to specific activities 

but to the entire social environment. Participation is assumed to play a central role in 

any situated learning process. Via participation members of the community develop 

identity and practices. Lave and Wenger (1991) argue that the process of being an 

active participant in the practices of a social community and in constructing identities 

in relation to this community is more important than engaging in certain activities 

with certain people.  

Thus we assume that getting insight into the process of the social network 

development is important not only to better understand situated learning but to 

support the development of a CoI. Social network theory assumes that the relations 

between individuals are represented by sets of relations or ties between nodes. An 

actor’s position in a network determines, in part, the constraints and opportunities that 

he or she will encounter (Borgatti, Everett & Freeman, 2013). The embeddedness 

argument emphasizes the importance of concrete personal relations and networks in 

generating trust and cooperation (Granovetter, 1985). Individual actions can be 
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explained with knowledge about the social network of the actor, but at the same time 

individual actions also change the social network. This effect is understood as the 

theorem of social network research (Granovetter, 1985). Social network analysis 

(Rehrl & Gruber, 2007) is used to visualise actions and ideas of participants in a 

social environment. Network analysis represents a paradigm whose focus is this 

integration of actors within a social context (Jansen, 2006).  

Research Question 

The INQUIRE courses involve teachers and botanic garden educators from different 

socio-cultural backgrounds. This study, therefore, is designed to provide insight into 

how the social network amongst INQUIRE training course participants developed and 

to what extent this knowledge can help the course management to support this 

particular CoI more effectively by monitoring and analyzing this process via social 

network analysis. 

METHODS 

The study uses data from the second INQUIRE-Course (IC2) and involves 16 

participants. The IC2 comprised three modules (Fig. 1), each lasting 16 hours. In 

between these modules participants were offered the opportunity to visit the 

INQUIRE-Café at the Botanic Garden of the University of Innsbruck to exchange and 

discuss their experiences and ideas.  

The participants had to work out a case-study to explore how issues and principles 

learned in the course interact in real-world situations. The case-studies were presented 

and discussed in the third module. All resources, documents and tasks were accessible 

on the online File-Sharing-Platform ”Dropbox” (IC2). 

 

The study is based on a mixed methods design. Data were gathered by means of pre- 

and post-test questionnaires, content analyses of the transcriptions of semi-structured 

interviews (Mayring, 2008), pre- and post-concept maps (Novak, 1990) provided by 

participants and Social Network Analysis (Rehrl & Gruber, 2007; Jansen, 2006, 

Carolan, 2013). 

 

According to Mitchell (1969), a network is defined by: 

 

a specific set of linkages among a defined set of persons, with the additional 

property that the characteristics of these linkages as a whole are used to 

interpret the social behavior of the person involved. (p.2) 

In this study the logical data structure was based on a questionnaire filled in by course 

participants – prior and post each course module (see Fig.1). Answers were given in 

relation to already existing relationships and teamwork and the desire to work 

together with certain participants soon. 

Fig. 2 gives an example of how such an egocentric network pattern of one educator 

(E12) developed between the beginning of module 1 and end of module 2. In this 

regard training course participants are considered as social actors and are represented 

by nodes. The relationships between them are represented by linkages (ties). In order 

to describe the number of linkages between the nodes in relation to the maximum 
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number of possible linkages, the parameter density (D) is calculated. The parameter 

reciprocity (R) is an indicator for the mutuality of the relations in the egocentric 

network (i.e. there is a linkage between two actors in both directions).  

In the next step a socio centric approach was applied to depict different patterns of 

interactions within the CoI-network and to find out who are the key players in the 

group. The analysis of hubs and authorities offers another view on the role of each 

actor. This calculation is based on the eigenvector-centrality. 

A high hub-factor means that this actor establishes multiple relations with actors who 

own a high authority-factor. Therefore a hub actor is very important, because other 

actors need this hub actor to get access to authorities. 

A high authority-Factor means that this actor is being integrated from actors with high 

hub-factors (Borgatti, Everett & Freeman, 2002). Authorities are much requested and 

nearly every actor wants to have relations to authorities. 

In this study socio centric network analysis was combined with semi structured 

interviews to identify CoI features such as supportive and shared leadership and 

collective learning and application of learning. Other methods such as concept maps 

and questionnaires were used to identify the feature shared value and vision. Data 

about the feature supportive conditions were gathered by means of written course 

evaluations and the feature shared personal practice was investigated by analysing 

case study records and video recordings of case study presentations in which 

participants shared their successes and their failures while working on their case 

studies.  

 

Software used for evaluation and visualisation of SNA was VENNMaker 1.3.2 and 

UCINET 6.461. 

 

Figure 1. Organizational structure of the INQUIRE Course 

 

RESULTS 

Egocentric networks of individual participants 

In the IC2 we analysed the egocentric networks of the participants (Tab. 1). The 

relations between an ego and a set of alters is the focus of egocentric network analysis 

(see Fig. 2-3).   
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Table 1 
 

Egocentric network of participants at the beginning of the IC2 module 1 (M1-1), at 

the end of the module 1 (M1-2) and at the beginning of module 2 (M2). Number of 

connections to alters and classification of alters in the categories Educator (E), 

Teacher (T), Course Management (L).  

 

Category Ego-

Code

Number 

Alteri M1

Alteri M1 

Categories

Number 

Alteri M1-2

Alteri M1-2 

Categories

Number 

Alteri M2

Alteri M2 

Categories

E E61 4 4x E 6 3x T, 1x E, 2x L n.a.

E E6 4 4x E 4 3x E, 1x T 0

E E7 0 3 3x E 3 3x E

E E8 6 6x E 6 5x E, 1x T 5 3x E, 2x T

E E10 3 3x E n.a. n.a.

E E12 7 5x E, 2x L 7 5x E, 2x L 13 5x T, 5x E, 3x L

E E60 6 5x E, 1x L 0 5 4x E, 1x T

E E15 0 3 3x E 4 3x E, 1x T

E* E122 n.a. n.a. n.a.

T T65 1 1x T 2 1x T, 1x L 1 1x T

T T3 0 6 3x T, 3x E n.a.

T T4 n.a. 5 1x E, 4x L 0

T T9 0 3 1x T, 2x E 2 1x E, 1x T

T T11 1 1x E 4 3x E, 1x T 3 2x E, 1x T

T T14 1 1x T 1 1x T n.a.

T T16 0 0 0

T T152 n.a. 0 7 1x T, 2x E , 4x L

L L19

L L17

L L21

L L59

Category Ego-

Code

Number 

Alteri M1

Alteri M1 

Categories

Number 

Alteri M1-2

Alteri M1-2 

Categories

Number 

Alteri M2

Alteri M2 

Categories

E E61 4 4x E 6 3x T, 1x E, 2x L n.a.

E E6 4 4x E 4 3x E, 1x T 0

E E7 0 3 3x E 3 3x E

E E8 6 6x E 6 5x E, 1x T 5 3x E, 2x T

E E10 3 3x E n.a. n.a.

E E12 7 5x E, 2x L 7 5x E, 2x L 13 5x T, 5x E, 3x L

E E60 6 5x E, 1x L 0 5 4x E, 1x T

E E15 0 3 3x E 4 3x E, 1x T

E* E122 n.a. n.a. n.a.

T T65 1 1x T 2 1x T, 1x L 1 1x T

T T3 0 6 3x T, 3x E n.a.

T T4 n.a. 5 1x E, 4x L 0

T T9 0 3 1x T, 2x E 2 1x E, 1x T

T T11 1 1x E 4 3x E, 1x T 3 2x E, 1x T

T T14 1 1x T 1 1x T n.a.

T T16 0 0 0

T T152 n.a. 0 7 1x T, 2x E , 4x L

L L19

L L17

L L21

L L59  

 

 

 
  

Figure 2. Egocentric network of an educator (E12) at the beginning of the module 1 

(M1-1), at the end of the module 1 (M1-2) and at the beginning of module 2 (M2). 

  

 

M1-1 

Strand 14 In-service science teacher education, continued professional development

2550



 
Figure 3. Egocentric network of a teacher (T9) at the beginning of the module 1 (M1-

1), at the end of the module 1 (M1-2) and at the beginning of module 2 (M2) 

 

The participant (E12) is an educator and knows other educators for personal and 

professional reasons. The number of relations of E12 (Fig. 2) increases considerably. 

In module 1 and up to module 2 the educator (E12) established new relations, mainly 

with teachers. There is a negative relation at the end of module 1 indicating a 

dissonance. Participant (T9) is a teacher and had no relation at the beginning of the 

course. The number of relations to T9 (Fig. 3) increased a little. At the beginning of 

module 2, one relation to a teacher and one relation to an educator had been 

established.  

Socio-centric visualization of developments in the CoI network 

during the training course 

a) Considering positive and negative linkages 
At the beginning of IC2, participants reported few relationships (linkages) between 

one another (Fig. 4). As some of the participating educators had already known each 

other before the beginning of the training course, relations between these educators 

dominated the social network. The parameter reciprocity (R) is an indicator for the 

mutuality of the relations in the network and shows that relationships are experienced 

as two-way roads. Of all relationships already established at the beginning of the 

course, 54% were reciprocal (R). In order to describe the number of linkages between 

the nodes in relation to the maximum number of possible linkages, the parameter 

density (D) is calculated. By the end of Module 1 (Fig. 5) new relations had been 

established and the density (D) increased from 10% to 13%. At the same time R 

decreased to 18%. R declines in the network, if newly established relations are not 

reciprocal or some participants were absent.  At the beginning of module 2, D was 

10% and R increased to 39% (see Tab. 2). R is growing, if the number of mutual 

relations has been increased throughout the entire network. At the very end of the 

course, module 3 (M3) participants presented their case studies in two separate 

presentation sessions (Fig. 9, 10). As there was no compulsory attendance for both of 

the sessions, some participants were absent from both events. Nonetheless, D reached 

similar values to module 2 with 9% and 11%, respectively. R was below 10 % (see 

Tab. 2). At presentation session 1 the reciprocally linked subgroup of the botanic 

garden educators (E6, E8, E10, E61) was absent (Fig. 4). Two members (E10, E61) of 

this subgroup were already absent from module 2. At presentation session 2, the only 

member of this subgroup to present a case study was E8. E8 listed linkages to the 

absent educators E6, E10, E61 (Fig. 10).  

Although the subgroup was only represented by one member, the linkages to the 

M1-1 
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absent members were still there. Being absent may lead participants to drop out. All 

participants who successfully completed the course were present at Module 2. 

Participants who missed module 2 entirely or parts of it did not complete their case 

study successfully. 

b) Considering positive, negative and neutral linkages 
For M1-2(b) and M2(b), positive, negative and neutral linkages were evaluated. A 

neutral relation means that working together with another person is desirable for a 

specific person but it is not being practiced actively at this point of time.  

At the end of IC2 module 1 (M1-2(b)), the number of relations increased considerably 

and the Density (D) increased from 10% to 33% (Tab: 2). It should be noticed that 

this number includes positive, negative and neutral relations. The percentage of 

reciprocal relations (R) amongst persons decreased to 27%. At the beginning of 

module 2 (M2(b)), the density of the network decreased to 20%. There are 

significantly fewer neutral relations. 25% of the relations are mutual (see Tab. 2). 

 

 

Table 2  
 

Analysis of the social network of IC2 in respect to density (D) and reciprocity (R).  

M1-1: at the beginning of module 1; M1-2(a): at the end of module 1;  

M2(a): at the beginning of module 2; M3-1: after presentation session 1;  

M3-2 after presentation session 2. Positive and negative linkages were evaluated. For 

M1-2(b) and M2(b) positive, negative and neutral linkages were evaluated. 

 

 Date 

Parameter M1-1 M1-2 (a) M1-2 (b) M2 (a) M2(b) M3-1 M3-2 

D [%] 10 13  33 10 20 9 11 

R [%) 54  18 27 39  25 9 7 
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Figure 4. Total social network of IC2 at the beginning of module 1 including positive 

and negative linkages (M1-1). 

 
 

Figure 5. Total social network of IC2 at 

the end of module 1 including positive 

and negative linkages (M1-2(a)).  

Figure 6. Total social network of IC2 at 

the end of module 1 including positive, 

negative and neutral linkages (M1-2(b)).  

 

 

Figure 7. Total social network of IC2 at the 

beginning of module 2 including positive and 

negative linkages (M2(a)). 

Figure 8. Total social network of IC2 at the 

beginning of module 2 including positive, 

negative and neutral linkages (M2(b)). 

Legend of the social networks (Fig. 4-10) 
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Figure 9. Total social network of IC2 after presentation session 1, including positive 

and negative linkages (M3-1). 

 
Figure 10. Total social network of IC2 after presentation session 2, including positive 

and negative linkages (M3-2). 

 

Depict the process of key players development 

Hubs – considering positive and negative linkages 
Analysis of the hubs shows that educators from LOtC institutions assume this 

function at the beginning of M 1-1. Compared with the other nodes, E12, E60 and E8 

showed the highest values. With higher values at the end of module 1 (M1-2(a)) not 

only two educators but also two teachers represent hubs. These actors are very 

important, because other actors need these actors with high hub-factor to get access to 

authorities. 

In the beginning of module 2 (M2(a)) there is only one educator representing a hub. 

At presentation session 1 (M3-1) there are two educators and two teachers and at 

presentation session 2 there are four teachers representing a hub (see Tab.3). 

 

Hubs – considering positive, negative and neutral linkages 
Analysis of positive, negative and neutral linkages at the end of module 1 (M1-2 (b)) 

shows that there is one educator and one teacher representing hubs. In the beginning 

of module 2 (M2(b)) there is one educator representing a hub (see Tab. 3).  
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Table 3 
 

Hub-Factor of specific actors in IC2. Only actors are listed, who reach at least 50 % 

of the highest Hub-Factor in the course. 

M1-1: at the beginning of module 1; M1-2(a): at the end of module 1;  

M2(a): at the beginning of module 2; M3-1: after presentation session 1; M3-2: after 

presentation session 2. Positive and negative linkages were evaluated. For M1-2(b) 

and M2(b), positive, negative and neutral linkages were evaluated. 

 

 Date 

Number M1-1 M1-2(a) M1-2(b) M2(a) M2(b) M3-1 M3-2 

1 E12 T14  E12 E12 E12 T3 T3 

2 E60 T16 T4    T152 T152 

3 E8 E61    E7 T4 

4  E12    E12 T14 

 

Table 4  
 

Authority-Factor of specific actors in IC2. Only actors are listed who reach at least 

50 % of the highest Hub-Factor in the course. M1-1: at the beginning of module 1; 

M1-2(a): at the end of module 1; M2(a): at the beginning of module 2; M3-1: after 

presentation session 1; M3-2: after presentation session 2. Positive and negative 

linkages were evaluated. For M1-2(b) and M2(b), positive, negative and neutral 

linkages were evaluated. 

 

 Date 

Number M1-1 M1-2 (a) M1-2(b) M2 (a) M2(b) M3-1 M3-2 

1 E61 L17 E122 E15 E15 L17 L19 

2 E8 L59 T11 E60 E60 L59 L17 

3 E60 E61 E6 T3  T3 L19 L59 

4 L17 E6  E8 E8 T16 L21 

5 E12 E8  E7 E7 E12 E12 

6 E6 T3  T9 T9 E60 T14 

7  E60  E6 E6  T3 

8  E122      

 

 

Authorities – considering positive and negative linkages 
Analysis of authorities showed that from the beginning of module 1 (M1-1) until the 

end of module 1 (M1-2) educators (E) in particular assumed the function of 

authorities besides the course management (L). At the beginning of module 2 (M2(a)), 

five educators and two teachers were authorities. During the presentation sessions 

(M3-1, M3-2) the course management played the part of authority (see Tab. 4). 

 

Authorities – considering positive, negative and neutral linkages 
At the end of module 1 (M1-2(b)), two educators and one teacher were identified as 

authority. In the beginning of module 2 (M2(b)), authorities were represented by five 

educators and two teachers (see Tab. 4). 
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The development of the social network during the progression of the course revealed 

the risk of losing a subgroup of educators in module 2 because they were absent in 

module 2. The loss of the entire subgroup then had to be reported at presentation 

session 1 (M3a). At presentation session 2 one member (E8) of this subgroup was 

present because this educator (E8) had written a case study in collaboration with a 

teacher from outside the subgroup. E8, identified as hub and authority in module 1, 

had an additional social relation outside the subgroup and could therefore produce the 

case study in a mixed team of one teacher and one educator. 

DISCUSSION 

We wanted to get more information about how social interactions amongst members 

develop during the life span of a professional learning community. A better 

understanding of the social interactions is of central importance, because the 

individual actions can be explained with knowledge about the social network of the 

actor, but at the same time individual actions also change the social network 

(Granovetter, 1985). 

At the beginning of the course the social network was dominated by the course 

management and additionally by educators who already knew each other for 

professional or personal reasons. Some participants were isolated or linked only to the 

network by a single relation. As early as the end of module 1, all participants appeared 

to be integrated into the CoI network. 

Neutral linkages were included for evaluation because every relation, despite its 

quality, represents potential access to resources, because the desired but not realized 

relations show additional social potential. This effect is understood as the theorem of 

social network research (Granovetter, 1985). Social dynamics of the course group 

were shown particularly in initial stages of the course (M1-1, M1-2). These social 

interactions are a potential source of new possibilities for action (Jansen, 2000) which 

can result in the change of values, attitudes and actions of the participants involved 

(Kriesi, 2007). The density slightly increases in the beginning of the course but 

decreases again later. The decline in the number of reciprocal relations (R) can be 

explained by the dynamics of the social network. The parameter reciprocity (R) is an 

indicator for the mutuality of the relations in the network (i.e. there is a linkage 

between two actors in both directions). R declines in the network, if newly established 

relations are not reciprocal or some participants were absent. It was notable that at the 

end of the IC2, both presentation sessions showed a similar density (D) compared to 

Module 2 (M2(a)) although only three of the participants were present in both of the 

sessions. Two of these participants were teachers and could be identified as Hubs 

during the two presentation sessions. This means that at the end of the course, 

teachers took over important functions in the social network. 

All participants who successfully completed the course were present for module 2. 

Participants who missed module 2 entirely, or parts of it, did not complete their case 

study successfully. This finding indicates that the social embeddedness of participants 

during the course is a crucial factor for completing the course. Granovetter (1985) 

describes the importance of this so called “embeddedness”. The more intensely 

educators, teachers and experts work together on the process of creation of new 

knowledge, the more knowledge is transferred amongst them (Huberman, 1993). That 
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is the reason why the ongoing assessment of the social network via SNA is important. 

Key-actors can be identified and supported. The development of the social network 

during the progression of the course revealed the risk of losing a subgroup of 

educators in module 2. Personal support of the key-actor of this subgroup made it 

possible to avoid the loss of the whole subgroup. 

SNA offers an insight into the social dynamics during the formation process of a CoI. 

By applying this research tool, the course management was able to identify and 

monitor important factors considered influential in CoI development: 

 Hubs and authorities were identified in the initial stage; 

 The reasons for absences of specific participants were gathered; 

 Absent hubs and authorities were supervised intensively; 

 Care was taken to achieve creative and innovative work in heterogeneous 

small groups; 

 Topics for case studies were chosen by participants individually; 

 The course management offered support/coaching during all stages of the 

course; 

 In between modules, participants were encouraged to exchange ideas and 

experience as well as to nurture their social network at the INQUIRE-Café; 

 The training course lasted for an extended period of time to enable group 

members to establish social links. 

Timperley and colleagues (2007) emphasized the importance of social learning in the 

context of Professional Learning Communities for effective in-service teacher 

training. We assume that SNA is an appropriate means to gain insight into the social 

dynamics of such a community. Therefore SNA might be a helpful tool for course 

facilitators to monitor the social development of their groups, to take notice of 

upcoming risks, and to act accordingly. However, more extensive research is 

necessary to provide sufficient evidence whether applying SNA will be an effective 

tool to support Continuing Professional Development (CPD) providers to improve 

their course design while work is in progress.  
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Abstract: This paper investigates evidences of science content learning of the teachers 

who participate in a learning community formed through collaborative partnership 

between University of São Paulo (Brazil) and a Municipal Primary School. The 

speeches presented in this study were collected: (a) in records produced in the training 

meetings, teachers meeting and in two classes. Some learning evidence found were: 

the adoption of the scientific vocabulary by the group, the extrapolation of the concept 

learned from the studied example to other examples, the adoption of abstract 

explanations for phenomena using scientific concepts. Considering learning as a 

changing participation in social practises, the reports showed learning when they 

indicated that teachers changed the way of teaching emphasizing now scientific 

content. In regard to the scientific content, the teacher observed actions showed that 

she was able to use the concepts properly, she expresses herself in a scientific 

discourse and her procedures show the efforts she makes so that her students can 

express themselves the same way. We conclude from the data that teachers had the 

opportunity to put themselves in the place of learners to solve the challenges posed in 

activities such as they should offer for its students, instructors discuss with the 

conceptual content and teaching strategies they should use, and after developing the 

activity with students, discuss the result. This community involvement has allowed 

besides learning the pedagogical knowledge also learn science content. We emphasize 

that the activities are important, but not enough to train teachers if they are not 

allowed to position themselves as learners within a community.  

Keywords: Science Teaching. Primary School. In-service Teacher Training. Learning 

Communities.   

 

INTRODUCTION  

Research indicates that primary school teachers (PST) have not mastered the contents 

of Sciences and so do not feel confident to teach it (Appleton, 2003; Carvalho, 2010). 

In Brazil, a group of researchers-trainers from the Physical Education Research 

Laboratory (Laboratório de Pesquisa em Ensino de Física: LaPEF), University of São 

Paulo (Universidade de São Paulo: USP) has been developing teaching-learning 

sequences (TLS) aiming to teach science in primary schools, they research the impact 

of these sequences in the students' scientific literacy (Sasseron; Carvalho, 2008; 2009; 

2011) and, more recently, the appropriation of scientific and pedagogical content by 

teachers from the use of these sequences (Carvalho, 2010; Briccia 2012; Azevedo, 

2013; Abreu, 2013). Appleton (2003) calls these kind of TLS 'activities that work'.  

To organize this type of training, the trainers need skills to balance interventions 

related to learning science content and pedagogical content, starting out using the 

teachers' experience and knowledge.  
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This paper investigates the learning process of teachers who participate in a learning 

community formed through collaborative partnership between LAPEF and Cândido 

Portinari Municipal Primary School, located in Perus, in the outskirts of Sao Paulo 

(Brazil). The partnership was made possible through two research projects funded by 

the National Council of Technological and Scientific Development (Conselho 

Nacional de Desenvolvimento Científico e Tecnológico: CNPq): "Scientific literacy 

from the early years of primary school: in search of the viability for the proposal" and 

"Learning to teach and to teach students to learn". Although formally two projects 

have been developed, they constitute a continuum. There was no interruption between 

them and the actions taken in the second project were initiated in the first.  

 

RATIONALE  

We assume that teachers, even non-specialist, can learn and teach science content if 

they are given the opportunity to learn and feel confident to teach. Abreu (2013b), 

from the literature review, identified important characteristics to understand teacher 

learning through research and training courses. Among them, we will emphasize: 

promoting participation in a community, to provide opportunities for the teachers to 

position themselves as learners, and to value curriculum resources, such as TLS that 

discuss scientific content and approach teaching in an investigative perspective 

(Putnam & Borko, 2000; Borko, 2004; Shulman & Shulman, 2004; Loughran, 2007).  

Research by Aplleton (2003) points out that PST feel confident to teach science when 

they have access to activities that work. Such activities were defined by the teachers 

themselves as: “fun activities the students could do, got them Involved, were fairly 

safe for the management and science teacher in content terms, were predictable in 

outcome, and would teach the students something without much teacher intervention” 

(Appleton, 2003). This finding is relevant for those who want to understand how to 

train PST to teach Science.  

So, when we assume that PST can learn the content and how to teach it, it also implies 

that PST, not being experts, must have access to activities that are developed to 

increase students' argumentative skills, and that includes the three structural axes of 

scientific literacy (AC), as proposed by Sasseron & Carvalho (2009): a) 

understanding the relationship among science, technology, society, and more recently, 

the environment, b) understanding the nature of science and the ethical and political 

factors that surround their practice, c) basic understanding of fundamental scientific 

concepts and terms. Furthermore, it is important that the teaching is organized in an 

investigative perspective.  

Research indicates that professional learning involves individual and social aspects. 

The learning in this paper is perceived as a social, situated and historical process. In 

this sense, rather than naturalizing the lack of knowledge (Lave, 1996) of teachers to 

teach science in primary school, it is necessary to create social conditions so that they 

can learn how to teach, since this area is essential for citizenship in a contemporary 

society increasingly permeated by Science and Technology.  

Learning is an integral and inseparable aspect of social practice (in a historical sense). 

Therefore, reflective moments are organized according to the trajectory of 

participation. Learning is situated and characterized as a process of increasing social 

participation, and not as an individual practice. One can learn with the opportunity to 

participate in social communities, which are systems of relationships among people 

Strand 14 In-service science teacher education, continued professional development

2560



(Lave & Wenger, 1991).   

Lave & Wenger (1991), conceptualize learning as changes in participation in socially 

organized activities, and the use of individual knowledge is seen as an aspect of their 

participation in social practices.  

This way, we emphasize the importance of teachers participating in communities, 

which are understood here as a set of people who have a common goal and that favour 

the learning process of their participants (Eraud, 2002). With regard to teaching, 

teachers must have the opportunity to reflect together, exploring their knowledge, 

skills, doubts, insecurities, and being supported in their actions by their own 

colleagues, school coordinators or research groups (Putnam, Borko, 2000).  

Participation in a community is important since professional learning often happens 

through contact with other people to overcome challenges posed by the work itself, 

which may or may not promote the mutual engagement of those involved. If these 

learning opportunities are appropriate or not will depend on the nature of 

interpersonal encounters and the nature and structure of the work (Eraud, 2002).  

In this perspective, we understand that learning communities are systematic 

opportunities that teachers have to learn the content to be taught and how to teach it. 

In this case, the scientific and pedagogical content. As it is very difficult for teachers 

to admit that they do not understand the content, it is essential that trainers create 

situations where they can feel confident enough to express their doubts and lack of 

knowledge.  

It is important that learning communities only survive in environments with mutual 

respect. Therefore, not just any group, but one that recognizes the individual skills of 

its members and has an ongoing exercise in overcoming the individual interests and 

vanities aiming for the growth of the group in order to achieve a common goal, in 

schools this is student learning support (Eraud, 2002).  

The quality of social relationships in professional environments, the way that people's 

work is evaluated, the local micro culture and factors related to power, status and 

confidence influence learning in professional environments (Eraud, 2002). Thus, 

communities of teachers can be considered a critical variable to overcome the 

difficulties described above (El-Hani & Greca, 2011).  

The second feature related to teacher learning is 'teacher as a learner', which means 

having the opportunity to learn continuously from their own experience as a teacher, 

through the support of colleagues and more experienced peers , scientific content and 

how to teach it (Putnam & Borko, 2000; Abreu 2013).   

The experience of the learners' role can be optimized by utilizing the resources of the 

curriculum (Shulman & Shulman, 2004). Whereas PST are not experts in science, in 

this work we will focus on teaching-learning sequences - TLS (Méheut & Psillos, 

2004) as an important feature of the curriculum in the learning process of these 

professionals both in regard to scientific content and how to teach it. The TLS 

developed in the work reviewed here is called "Transformation of energy."  

As analysis by Abreu (2013b) the activities are organized in order to include the axes 

of scientific literacy, they can promote investigative learning (Sasseron & Carvalho, 

2011) and are characterized as activities that work (Aplleton, 2003), then it is 

pertinent to investigate whether there was learning scientific content by the teachers 

involved.  
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Seeking to expand the research conducted by Appleton (2003) and considering the 

emphasis given by Schulman & Schulman (2004) to the importance of aspects of the 

curriculum in the training process , this work investigates the learning content 

evidence  through reports produced by teachers during in-service training, which was 

developed in the perspective of the teacher as learner within a community that uses 

TLS that address science education in an investigative perspective, as previously 

described.  

 

METHOD  

This work is part of a broader qualitative case study from the records produced by the 

partnership between the Cândido Portinari school and LaPEF. It refers to a research 

question that involves complex, situated, problematic relationships: understanding the 

learning process of PST to teach science, social phenomenon that has significant and 

holistic characteristics involving the needs of contemporary society (Yin, 2005).  

Seventeen teachers took part in this work, two trainers who coordinated the training 

group and two researchers who also participated in the meetings and helped to film 

them. The training meetings occurred between 2008 and 2010. Some forums were 

held at the school and others at USP. We were not part of the team that drafted the 

TLS and developed the project. Thus, to understand the proposal concept and 

undertake this research, we carefully analyzed the projects and the reports sent to 

CNPq, we transcribed and watched the videos of the meetings that were of interest to 

our research question, we analyzed the articles that had been published by project 

participants.  

The speeches presented in this study were collected: (a) in the videos produced in the 

training meetings that were held on 11:03:09 and 02:02:09 involving teachers and 

trainers; (b) in an audio of a teachers meeting which evaluated the partnership on 

16:04:09; and (c) in two classes with the teacher Suzana on 19:03:09 and 02:04:09. 

Both the video and the audio of the meeting were transcribed and were presented 

almost entirely in the PhD thesis (Abreu, 2013b) on which this article is based. 

Transcribed speech turn were numbered.  

At the first training meeting regarding the TLS 'energy transformations' teachers 

solved the challenge as if they were the students and at the second meeting they 

assessed the outcomes of science teaching performed during the year. To preserve the 

identity of the participants we used the code 'F' for trainer and 'T' for teachers whose 

names we could not identify. Both are followed by a number to differentiate them. 

Other names have been changed to protect identities.   

The challenges of the TLS energy transformation were given to the teachers in the 

same way that they were expected to perform with their students, thus creating a real 

opportunity for them to put themselves in the place of learning and to express what 

they know and do not know about the content.  

This TLS is composed of a series of activities ranging from a problem solving 

situation that encourages observation, analysis and establishment of relations, as well 

as research seeking a deeper understanding of concepts. The first activity is the 

resolution of the problem: Where do we need to put the ball on the ramp so that it 

falls in the basket? Material available: a ramp and a ball. Through experimentation 

and in groups, the teachers tried to find a solution to the problem. After the teachers 

found the solution, the trainers started the debate questioning how they made the ball 
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fall in the basket and why they chose that particular height instead of another.  

When they work in groups, they create hypotheses, and test them; they can reflect on 

the nature of science and are able to learn about the relationship between height and 

speed. In this situation they also discuss about kinetic and potential energy. At the end 

of the debate, there is a proposal for them to relate this situation with other aspects of 

daily life.  

 

RESULTS AND DISCUSSION  

The analysis of the TLS, observation of training meetings and the videos of Suzana's 

classes show that the three characteristics (participating in a learning community, 

teacher as a learner and to valorise aspects of the curriculum) important in the PST's 

learning process were present in the training offered by LaPEF. We also verified by 

the way that teachers (and Suzana's students) participated in the resolution of the 

problems proposed that this TLS is an activity that works, as indicated by Appleton 

(2003).  

a. Training meeting  

Based on time available (about 10 minutes) for teachers to freely manipulate the 

material and then to try to solve the problem, we noticed that the trainer's intention 

was to explore the teachers' views about the relationship between height and speed. 

Teachers began to experiment putting the ball on the ramp at different heights. They 

did this in several ways. During the process they had fun with the activity, laughing 

and shouting when they achieved the goal. They behaved exactly like students. One of 

them said: I was the first, huh? They talked about how they achieved the goal by 

experimenting with different heights.  

As all the teachers were talking at once it was impossible to transcribe their comments 

at that time. Observing their participation in solving the problem we found that this 

task had characteristics of 'activities that work' (Appleton, 2003): It involves teachers 

who have fun in participating. Similar results were found in Abreu's (2013a) research 

who also used the same activity with another group of teachers. In her work, one 

teacher also said that the fact of experiencing the experiments as an apprentice made it 

easier to understand the book of Carvalho et al. (1998), which features a series of 

activities relating to physical knowledge for primary schools.  

According to Carvalho et al. (1998) "activities of physical knowledge, "is a term used 

to refer to teaching situations that lead primary school students to think and solve 

problems about the physical world, within their conditions. Therefore, it does not 

refer to the content of physics at high school.  

Caniato (1987, p.14 ) argues that investigative teaching can promote the pleasure of 

discovering and being aware, and at the same time,  stimulates a vision of life's 

beauty. By offering teachers the opportunity to work in groups, creating hypotheses 

and testing them might help them to reflect on the nature of science, and also learn 

about the contents of energy and how to take this challenge to their students by 

analyzing their own experience. Or, in Eraud's (2002) words "maximize participation 

in a learning community".  

At first, none of the teachers could properly describe or explain scientifically the 

observed phenomenon; they showed a lack of knowledge about the energy 

transformation process. The teachers' explanations were based on weight or other  
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variables that were not relevant to this activity, such as the slope of the ramp.  They 

also did not use the appropriate vocabulary, using: the tip in instead of high and very 

strong rather than fast.  

By enabling teachers to talk about the experience, the trainer gave them voice to 

discuss it using their own arguments. We believe that in addition to promoting the 

construction of meanings, this act can enable learning experiences for teachers by 

providing them an opportunity to experience the role of learners.  

When they discussed the resolution of the challenge, the terms kinetic energy and 

potential energy were not part of the teachers' repertoire. The initial explanation by 

the majority regarding the ball's movement on the ramp (as indicated by the following 

quotations) was based on concrete terms:  

8. F1 - How did you do it?  

9. P2 - On the first attempt we put it at the end [she points to the top of the ramp]. It 

was very strong. Then we tried ... we tried further down and it went down slower.  

18. P3 - The lighter the ball, the further it goes, I think. The big ball didn't get that 

far...  

19. F1 - She spoke about the slope. Did you change the ramp slope?  

20. Rose - No. only the position of the ball.  

21. F1 - Ah! So it doesn't depend on the slope. So the higher, the further. With 

students you can't give more than one ball.  

22. Various - The higher, the further it goes.  
  

P3 (quotation 18) related the ball speed to its mass, but the trainer did not attach 

importance to this information and she refused to include the ramp slope as a variable, 

This was to help teachers to realize that what determined the speed of the ball was the 

height from where it was placed (q 19). In the speech turn 14 - 16 the trainer 

introduces more challenges on discussion, encouraging teachers to improve their 

speech, aiming thereby to introduce them to scientific discourse.  

At the same time as she encourages teachers to express their views on how to solve 

the challenge, she begins to introduce and develop the scientific narrative to lead them 

to perceive that there is a relationship between height and speed.  

In speech turn 21, F1 systematizes the causal relationship that the teachers were 

reporting: the higher, the further, stating clearly that the speed of the ball is related to 

the height where it is placed on the ramp. On speech turn 22, several teachers repeat 

the trainer's speech as a way to take part in the scientific discourse and systematize the 

causal relationship involved in solving the problem - the why. This strategy was 

observed in various situations during training.  

As the discussion progresses, the teachers begin to use scientific concepts. Doubts and 

questions begin to arise. Quotations below show us this as well as new evidence of 

teachers' learning.  

45. Nara - So, I was wondering exactly this: when the ball is up there is it at rest? 

Does it have more potential energy at rest?  

46. F1 - It only has potential energy.  

47. Nara - It only has potential energy. That's exactly what I thought. So when it 

starts moving, it is on a ramp and therefore it falls, right? It is losing its potential 

energy.  

57. P1 - ... I'm on a bike on the top of the hill, and because I see it is a steep hill. (...) I 
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ride down the hill really quickly without pedalling. It's the same thing, right? I don't 

have any more potential, just my kinetics.  

59. F1 - There was nothing to hold her down. But look at the relation height X speed. 

(...) [She points to the end of the ramp] When she gets here she has so much kinetic 

energy that she rises up again.  

60. P1 - Then is it transformed into potential energy?  

65. F1 - [she puts the ball on the table and says:] It fell here. Here it has zero speed, 

but it has potential. If you drop the ball, it falls to the ground.  

66. Various - Yes, of course.  

67. F1 - In relation to the ground it has potential.  

68. Nara - Ahhhhhh! In relation to the referential.  

72. Nara - There is a toy called the energy bus. It is a little bus inside of which we put 

a marble, it comes with some ramps. Then you put the bus up on a ramp and it goes 

[she makes circular hand movements] [...] Here, for example, we do not consider the 

friction variable. In the case of the toy we want to talk about friction, ok? On certain 

ramps things go faster and on others they don't , it depends on the variable friction ... 

But can I say that it is turning potential into kinetic too?  

The use of appropriate vocabulary by the group can be regarded as evidence of 

learning. Other indicators of learning in science that can be observed in these 

quotations are:  

a) The adoption of abstract explanations for phenomena using concepts I don't have 

any more potential, just my kinetics. And Then is it transformed into potential 

energy? In this case the reinterpretation of the phenomenon based on abstraction is 

expressed by a new vision, coming from the concepts of kinetic and potential energy 

and energy transformation.  

b) The extrapolation of the concept learned from the studied example to other 

examples, is an attempt to reinterpret other everyday phenomena with learnt theories, 

as the teachers did when they used the bike and the toy as examples.  

Nara's quotations above show her doubts and insecurities about the content. The 

extent to which the conceptual discussion progresses she begins to establish a 

relationship with knowledge she already had on the subject, to use the term 

'referential' (speech turn 68) to incorporate the trainers' speech. In the next topic we 

will examine the teachers' reports about the importance of participating in a learning 

community that works with TLS.  

b. Evaluation meetings  

At the end of the year forum (02/12/09), Nara confirmed that the group was able to 

extrapolate that which was proposed in the TLS presented by LaPEF.  

82. Nara - What we added in the energy transformations was what happens in an 

electrical circuit, then we put forward two problems. The first was: how to light a 

bulb using two bare wires and a battery? It seems to be something obvious, but many 

people can't do it, those who can do it and learn the content go on to do a project 

about illumination, applying this knowledge at the Cultural Fair, so this has been 

going on since we applied TLS. And we ask what energy transformations occur in an 

electric circuit? Everything that they produce goes to the fair... we had a student who 

made an elevator, and I was impressed.  

This testimony of Nara reiterates how important it was for the group to learn about 
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energy transformation. Data indicates that this learning was important for teachers and 

students of the school who had the opportunity, to participate in this community, learn 

Sciences through experiences that allowed them to feel the Flavour of Knowledge  

(Caniato , 1987), i.e.  to come in contact with an experience  since knowledge is not 

just reading or hearing about something.   

After a long discussion about the progress of work at school, Nara re-emphasizes the 

importance of working with energy content and how this work changes school 

routine.  

115. Nara - [...] regarding the contents of energy transformation. Because we've been 

working with energy issue, in fact we worked with different types of energy; we didn't 

work with energy transformation, so we worked that way: there is this kind of 

energy... Even having some pretty cool activities and problems with research, we left 

them aside. What I think is the "boom"   is the transformation, the planet  

working and governed by a continuous transformation from one energy to another, 

that to me was a very large gain.   

116. F1 - Good, because the focus of physics is these transformations , but in the 

books, they seemed very separated, it seems that things are completely different but 

transformation shows the interdependence , the union of everything. You have 

numerous energies.  

117. Nara - Not that we did not know it before, we did kind of know, but when we 

need to prepare the activity and go to the classroom... it is not exactly... like you...  

Considering learning as a changing participation (Lave & Wenger, 1991), the report 

showed learning when it was indicating a new way of teaching. As already discussed, 

the term participation refers not only to the manifestation of teachers in the 

discussions, but their role in the social practices of the group.  

Speech turn 117 showed us that teachers have had access to various "activities that 

work", but they did not feel comfortable or motivated to use them before they had the 

opportunity to experience them as learners within a community: not that we did not 

know it before, we did kind of know, but when we need to prepare the activity and go 

to the classroom... it is not exactly... like you...This statement reinforces our view that 

although the sequences are important, they alone are not sufficient. In other words, 

they contribute to improve the teaching of science in primary education, but they are 

not determinants of teachers' participation in the practice process.   

This passage also points to the importance of TLS which was drawn up with the 

support of experts who have mastered the contents of the area and their organization. 

Suzana a teacher gave a speech in a meeting at the school without the presence of the 

trainers on 16:04:09, and she showed new evidence of learning science content.  

Suzana - Well, I think positive. I've told you that I learn along with the kids because 

my training in science was crap. So every experience they do I vibrate with them, and 

learn a lot along with them. And what I find most interesting is that they are getting a 

taste for reading the texts that we're presenting. At first when we gave a text they 

scattered and were not very interested. Not now. They want to read to discover new 

things. They want to read to find answer to that question that we proposed at the 

beginning of the activity. I realized this in the 4th grade this year. [...] They enjoy 

participating. They no longer accept that you give them a text without explaining it, 

without having had an experience. They want to know the why [with emphasis] of the 

text. They want an explanation of what you're teaching and want something 
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practical...  

We conclude with the data presented in this topic that the teachers' reports about the 

importance of TLS and training offered by LaPEF indicated that they had the 

opportunity to learn the science content and how to teach it.  

c. Suzana's class  

Considering the emphasis that this teacher gave to the lack of opportunity to learn 

science in her initial training and as she stated that she is learning contents from work 

with TLS, we decided to analyze her performance applying them to her fifth year 

students (10 years old).  

In class on 19:03:09, Suzana performed the same challenge discussed above. The 

quotations below show the way that she acted showing that she understood the 

importance of the variables height and speed in the energy transformation process. In 

the first part of the lesson (20 min) she insisted, through questions, that students 

should change their speech using the proper scientific vocabulary.  

16. Suzana - [...] [The students continue pointing at the ramp and the teacher insists]:  

Where was it? Higher or lower? [The student keeps pointing: Here... then here.]  

18. Suzana - From the top... Below? You are not supposed to touch the ramp, you 

must only speak.  

19. John - We tried here in the smallest, and here in the biggest.  

21. Suzana - Height and...  

22. John - When it was further way we put it on top.  

23. Suzana - Higher ... The further the basket you put the ball...  

24. Cristiano - Higher.  

25. Suzana - No, don't show anything ... Use words to explain to us.  

27. Suzana - Higher or lower?  

28. Isabelle - You have to it put further away for it go to further away... in measure  

30. Some - Higher! Other - Further! [At the same time].  

32. Cristiano - We put it right here on the top [he points to the top of the ramp]. Then, 

when it was there it picked up speed.  

34. Suzana - It picked up what? Look someone said something important. Why?  

35. Mark - the higher, more speed.  

[She asks everybody to repeat what he said].  

39. Suzana - Highest. Why? To give impulse it picked up what?  

40. All - more speed  

41. Suzana - When we put the basket nearer... we have to put the ball...?  

42. All - Lower.  

43. Suzana - Lower to do what?  

44. All - Less speed.  

Kids just pointed at the ramp saying put it here, because they didn't know how to use 

the appropriate vocabulary to narrate the experience. The teacher insisted in using the 

correct expression: higher and lower. However, students kept on using the terms near 

and far with regard to both variables:  the height of the ramp and the distance reached 

by the ball. We noticed emphasis that Suzana gave to the different variables and the 

relationship between them, as well as trying to improve the student speech to become 

more like scientific discourse.  

In the next lesson, 02:04:09, we realized that this teacher was able to use scientific 

concepts in her actions with students.  
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19. Suzana - Hey kids, let's go: we have seen two very important types of energy.  

20. All: Potential and kinetic energy.  

24. Suzana - Potential and kinetic energy. What is potential energy?  

[Students trying to answer, some say speed].  

25. Gisele - That ball rolling down.  

26. Suzana - NO. The potential energy is the energy that the object POS... [students 

are expected to complete the word, but as this did not happen she completed the 

word] SES. What is kinetic energy?  

27. Vinicius - Speed.  

28. Suzana - It is related to VELO...   

29. All  - CITY .  

30. Suzana - The energy will be...  TRANS  

31. All - FORMED.  

32. Suzana - In this example, on the ramp [...]. What kind of energy was there when 

the ball was high up on the ramp?  

33. Students [in chorus] - POTENCIAL.  

34. Suzana - POTENTIAL. So I put the ball there. It is there, not moving, it has 

POTENTIAL energy. What happens to the potential energy as it goes down?   

35. Student - it is transformed   

36. Suzana - Transformed into what?  

37. Students - Into kinetic energy.  

In regard to the scientific content, her actions show that she is able to use the concepts 

properly. Suzana expresses herself in a scientific discourse and her procedures show 

the efforts she makes so that her students can express themselves the same way.  

If we consider that to learn science is learning to talk Science (Lemke, 1997) and in 

this learning process, changes in the patterns of participation occur, we found that 

Suzana's actions promoted students' active participation in scientific discourse, 

leading them to change their way of participating. In the first class, when they were 

not using gestures, the vocabulary used was: here, there, far and close. In the second 

class, students shared the appropriate scientific terms: Higher, lower, speed, velocity, 

transformation, kinetic and potential energy, as can be seen in the quotations above.  

 

CONCLUSION  

Considering that learning is a change in patterns of participation in social practices, 

participation in the learning community, the opportunity to position themselves as 

apprentices and have access to TLS enabled the teachers to change their way of 

perceiving scientific content, thus changing their way of teaching science.  

The possibility to discuss with teachers and their peers and to access TLS increased 

their confidence in dealing with scientific concepts, thus helping them to introduce 

these concepts in their classes. Although Suzana mentioned that she had no 

opportunity to learn science in her initial training, her classes demonstrated mastery of 

scientific content necessary to teach.  

Realizing the importance of the characteristics that contribute to the learning process 

of scientific content of primary school teacher in-service, it is necessary to invest in 

long-term research for closer monitoring of this process. In addition, we also 

emphasize the importance of initial teachers' training that invests not only in 

pedagogical knowledge, but also in the teaching of scientific content.  
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Abstract: The programme Scientiam Inquirendo Discere - SID is a systemic and 
systematic model to IBSE implementation in Italy. It started in 2011 as a collaborative 
National Programme between the Accademia dei Lincei and the National Association 
of Natural Science - ANISN, supported by the Ministry of Education. SID is based on 
experiences and results of the participation of ANISN in the Fibonacci Project, on a 
strong cooperation with the French Académie des sciences and the Programme La 
main à la pâte. It aims to introduce and to disseminate IBSE approach in Italy. The 
organizational and methodological resources and the identification of strategies to 
build the Italian model were performed also by accessing to other European teams and 
models to IBSE implementation. The programme can achieve important strategic 
objectives: enhancing and profiting from previous experiences and initiatives 
developed in Italy, strengthening international collaboration and providing a 
sophisticated tool for implementing and evaluating the National Guidelines for the 
curriculum. Primary and middle schools teachers are the main targets of the 
programme. SID has a multilevel organization structure of both national advisory and 
operational structures with local operational nuclei called pilot centres to provide 
partnerships with networks of schools and promotion of community practices in 
science. In the last two years five pilot centres have been created, they are hosted in 
prestigious research centres or academia in Naples, Venice, Pisa, Rome, Milan. All 
pilot centres follow the same functional and structural model and are closely 
coordinated. SID model building required several phases and its main activities have 
concerned: regular training meetings for teachers both at local and National level; 
peer to peer supporting actions in presence and online; development of didactic and 
experimental resources; twinning; planning and implementation of evaluation tools. 
Keywords: teachers training, science education, IBSE, national curriculum, primary 
and middle school  

 
INTRODUCTION 
Italian National and International surveys (TIMSS, PISA) point out the problem of the 
inadequate school performances of Italian students in science and technology studies.  

The improvement in science teaching, starting from the primary school, is felt to be a 
very important task in contributing to the development of student’s observation 
capabilities, scientific attitudes and logical-linguistic skills and teachers are key 
players in the renewal of science education. The November 2011 Eurydice report 
"Science education in Europe: national policies, practice and research" (European 
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Commission EACEA, 2011) is a valuable tool to analyze the Italian current situation 
and to compare it with the European context. Respect to many European countries, 
Italy up to day has no national strategy for the promotion of scientific education; the 
only reality is the "Committee for the development of science and technology", 
chaired by Luigi Berlinguer, that has only a consultative and not a decision-making 
role.  

To improve scientific education and increase interest in science in Italy is 
fundamental a systematic and permanent teacher training initiative that changes the 
school science teaching pedagogy from mainly deductive to inquiry-based methods, 
thanks to actions and services for teacher training and support (European 
Commission, 2007). 
In this context the ambition of the Programme Scientiam Inquirendo Discere - SID is 
to organize and support a permanent teachers training reference center that contribute 
to the dissemination of such approaches through to didactic research and assessment 
tools.   
  

RATIONALE 

Teaching is principally a human activity. New technologies may certainly enhance the 
learning experience, but they will never satisfactorily replace the personal tuition and 
mentoring that a talented, trained and motivated teacher can provide. 

The success of an educational system is thus inseparable from the quality and 
motivation of its teaching workforce. 

Effective teachers have to be learners. Whether they seek improved skills to enhance 
classroom performance, new roles in management, new teaching  methodologies, a 
better understanding of curricula developments or the latest work in their subject or in 
education, teachers need a continuous Professional Development (PD).  

The PD of teachers is strongly felt as a central task in Science Education. Investing in 
Education therefore means investing above all and  constantly in people. And this 
doesn’t  come cheap.  
Even if many National surveys support the above indications, in practice in Italy they 
are not followed by systematic and long term actions supported by the Ministry of 
Education. 
Looking at specifics aspects of teacher PD in Italy, we can recall some key points: 
• The social and professional role of a teacher. Why becoming a teacher in Italy? In 
many cases to become a teacher is felt as the last professional chance. The average 
age of Italian teachers is 49.4 years. Teachers in the High School are on average older 
(51.4 years) than Primary School teachers (47.5 years).  
Who is a Science teacher in Italy? The different levels of competences and 
motivations among teachers do not correspond to a different professional role and 
salary. This fact often results in a lack of motivation and in a weak recognition of their 
professional and social role in changing local or general educational contexts.   
Be aware of this and try to set up continuous and systemic actions to change attitudes 
and facts is an hard and long term challenge. 
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• The inadequate time foreseen for in- service training and for special tasks. 
Attending courses for PD is a “free” decision of each teacher, that could attend 
training courses for PD during school time only for 5 days per year. No advantages in 
their career or increases in their salaries come from their growth in PD.  

PD is a long term process and takes time. The spreading of  competences to other 
teachers takes time as well. 

• Teacher’s isolation. The setting up of local, national and international networks 
creates opportunities to be in continuous  contact with experts, other teachers, 
scientists, local authorities.  
To develop open  “systems” of networking at the  local, national and international 
level is a  primary need for the teachers’ PD.  
• Frequency of an hands on approach.  In Italy teaching Science with an experimental 
approach is infrequent; teachers have a poor attitude toward hands on approaches. In 
2003 and 2007, the National Association of Natural Sciences Teachers carried out the 
surveys “The vision of Sciences built up in the school”  and “Science, a myth in 
decline?”. The aim was to understand the student’s ideas about “what Science is” 
coming from school experience. The focus was on how Science is taught at school 
(National Association of Natural Science Teachers – ANISN, 2003, 2007). In Italian 
primary schools, Sciences are taught via observational activities at 49.1%, via text 
books at 42.1%, via hands on activities at 6.9% only. In High School, 67.5%  of  the 
students declare to have studied Science only via text books. 
The surveys show that the students’ opinion about studying Sciences at school 
indicate that they understand Sciences from texts and not via an inquiry and hands on 
approach. At school, they don’t have occasion to experiment  how Science work.   

The complexity of the above problems is such that they cannot be tackled separately. 
A complex architecture of a system and of systematic actions should be created in 
which all subjects and institutions interact and cooperate continuously in carrying out 
synergistic actions (Elstgeest, 2001). 

 

AIMS AND TOOLS  
Aware of the above issues, the Programme SID could be a relevant answer. It 
addresses to the Italian scholastic system, involves teachers from primary to lower 
secondary school and aims at creating, through specific actions of in-service teachers’ 
training, the necessary conditions  to promote a long-lasting and effective change in 
teaching  Sciences in Italy.  

SID is built on a systematic and dynamic approach focused on teachers' professional 
development on IBSE as the key point for the renewal in teaching Science at school 
(Harlen, 2006; Saltiel, 2006; Harlen, 2010; Minner et al. 2010; Harlen, 2012). It is 
organized into operational simultaneous or sequential steps that require specific 
working groups for each action and overall national and international coordinating 
structures. All steps were preceded by an investigation survey, providing both 
personal and also virtual meetings, that allowed at international level access to the La 
main à la pâte project, its organizational and methodological resources and the 
identification of strategies in collaboration with the French team to identify a 
framework for exploiting synergistic opportunities with the Italian context.  
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The building of the model was enriched by the cooperation with other European teams 
in the Fibonacci Project of the 7FP especially thanks the twinning strategy and the 
field visits by ANISN as www.fibonacci-project.eu	  partners (Harlen & Allende, 2009; 
Harlen & Allende, 2009; Hvass et al., 2009; Minner et al, 2010; Artigue et al., 2012). 

SID programme has a multilevel organization structure that requires the constitution 
of both national  advisory and operational structures and local operational nuclei 
called "pilot centers".  
The identification of institutions  that can accommodate pilot centers had be defined 
during the first year of the programme, taking account of their willingness to provide  
structural, organizational and human resources, their experience of working within 
other documented initiatives and partnerships with networks of schools and promotion 
of community practices in science. 
	  

STEPS, RESULTS AND SCALING UP 
The coordination centre for the envisaged activities has been established at 
Accademia dei Lincei headquarters in Rome, but the core of IBSE dissemination are 
the local “pilot centers”, structures of competence and clusters of experiences hosted 
in very prestigious research centres or academia in several cities across Italy. 

The national responsible presides the SID National Steering Committee that organizes 
all the national training activities, coordinates SID pilot centers, establishes the 
guidelines of didactic research and of SID assessment  (Borda Carulla, 2012).  
SID programme revolves around and rests on  activities of the pilot centres, and is 
articulated in three phases:  
Phase I-  establishment of the executive and advisory national structures and groups.  

Phase II- organization and build-up of activities in pilot centers, launch of training 
modules, and thematic peer-to-peer working groups, starting from year 2.  

Phase III- implementation at schools and diffusion of the programme resources and 
results through additional pilot centers. 

The first year three SID pilot centers have been established in Naples, Pisa and 
Venice; the second year two new pilot centers in Rome and Milan have been 
established. 
SID Naples pilot center, hosted at Stazione Zoologica “Anton Dohrn”, thanks to the 
previous direct involvement in Fibonacci Project and the relative precious experience, 
was the key initial player of SID. A group of experienced research-teachers 
(responsibles of the pilot center and “trainers”) planned 10 didactic proposals that 
constituted the initial core of the didactic materials. Each didactic proposal had been 
implemented by trained teachers in their classes using material (kit) chosen and 
supplied by the research group of the pilot center. The teachers training initiative is 
articulated in about 50 hours for: training course, seminars, class implementation and 
assessment. Today SID Naples pilot center has two responsibles and 15 trainers and 
involved over 100 teachers. SID Pisa pilot center, hosted at Scuola Normale Superiore 
of Pisa, has one responsible and 9 trainers. In the last two years it has expanded its 
activity from 20 to 50 teachers and organized a didactic research group that planned 
new didactic proposals with the relative kits.   
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SID Venice pilot center, hosted at Istituto Veneto in Venice, has one responsible and 
5 trainers. In the last two years it has expanded its activity also to Vicenza involving 
over 40 teachers and organized a didactic research group to develop training activities 
on IBSE.These three original SID pilot centers are now supporting the newborn pilot 
centers. 
SID Rome pilot centre, hosted at Accademia Nazionale dei Lincei, has one 
responsible and 6 trainers. In the last two years it has expanded its activities involving 
about 40 teachers and organized working group with scientists focused on scientific 
contents. SID Milan pilot centre, hosted at Istituto Lombardo, has two responsibles 
and 5 trainers. In the last two years, also thanks to a effective twinning with SID 
Veneto pilot center, it has expanded its activities involving about over 30 teachers 
also from cities near Milan.  

SID is different from Italian traditional in-service teacher training initiative in some 
characteristics: 
• the commitment time. During one year an experimenter teacher lasts more than 40 
hours, a trainer about 120 hours; training initiatives as seminars hardly requires a 
commitment of this kind; 
• each teacher is an active part of a practice community built on a network of local, 
national and international structures; 
• it provides the support of experienced teachers and scientists; 
• it provides trainers accompaniment in the classroom during the implementation of 
didactic proposals and activities; 
• it provides  the free deployment of theoretical and experimental materials; 
• it provides the support of groups of educational research; 
• it provides the analysis and evaluation of training and relapse of the programme. 
SID Programme started in 2011/2012 school year with three pilot centres (Pisa, 
Venice and Naples), in 2012/2013 school years with five pilot centres (Naples, Pisa, 
Venice, Rome and Milan); in the present school year 2013-2014 the process goes 
ahead, confirming the validity of the model; the number of pilot centres has grown to 
eight with Bari, Turin and Sassari.  

 

DISCUSSION AND CONCLUSION 

In three years some of the key objectives of the model have been achieved:  

1. The synergic cooperation between Accademia dei Lincei  and ANISN has 
represented an effective partnership and an example in National and in International 
contexts, such as the networks ALLEA - ALL European Academies and IAP – Inter 
Academy Panel. 

2. The construction of the model of the “pilot centre” based on results was effective. 
One of the key points of the model is the choice of the Institutions (very prestigious 
research centres or mainly local academies) that hosted the pilot centres. It improves 
local cooperation among scientists, experts in didactic research, teachers, local 
authorities and scientific institutions.  
3. Eight pilot centres have been established, namely in Naples, Rome, Pisa, Venice, 
Milan, Turin, Bari and Sassari. They are hosted at Stazione Zoologica Anton Dhorn in 
Naples, Accademia dei Lincei in Rome, Scuola Normale Superiore in Pisa, Istituto 
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Veneto in Venice, Istituto Lombardo in Milan, Accademia delle Scienze in Turin, 
University of Bari and University of Sassari.  

4. The choice of the actors represents another crucial point. The coordinators of the 
pilot centres, the “core” group of trainers and experts as well as the teachers are 
selected on the basis of their previous experience in innovative science teaching and 
on a voluntary basis. This kind of choice has favoured the creation of effective and 
real peer communities. 
5. The choice of the school networks. The main targets of the programme are 
“comprehensive” schools with teachers from kindergarten, primary and lower 
secondary schools. During the first year at least two experimenting teachers for each 
school level have to participate to the SID Program with the support of the 
headmaster. After three years the contamination power within the same school was a 
clear outcome.  
6. A low growth strategy has been chosen to ensure quality and long term 
sustainability. In the 2011/2012 school year three pilot centres (Naples, Pisa and 
Venice) have been created.  

In total they have involved a network of 45 schools, 35 trainers, 150 experimenting 
teachers’ trainers and 4.500 students. In 2012/2013 six pilot centres have been active.  

Thanks to horizontal and vertical scaling up strategies within each pilot centre the 
numbers of actors (trainers, scientists, teachers and students) has grown as follows: 58 
schools, 45 trainers, 215 experimenting teachers’ (27 kindergarten; 62 primary; 103 
lower secondary school; 23 high secondary school) and 8.170 students from 4 to 16 
years old. In the current school year 2013 – 2014 eight pilot centres are active, with 
planned activities involving about 20.000 students. 

7. Very effective twinning strategy at different levels among new and old pilot 
centres, among teachers in the same or different pilot centres and among teachers in 
the same schools.  
8. Development of free of charge shared resources (theoretical, methodological, 
experimental), specifically more than 10 methodological guides, 25 complex 
multilevel experimenting paths on Natural Sciences and hundreds of box kits for hand 
on activities. 
9. A shared training and activities plan to compare the feedback at the National level 
and change ineffective strategies. 
10. Support of the teachers during the activities in classroom via peer to peer 
observation and/or support of trainers, experts and scientists (Supovitz & Turner, 
2000). 

11. Formative assessment represents a crucial point in IBSE approach and in the 
model developed in the SID programme. In cooperation with a dedicated international 
group in the framework of Fibonacci project we developed Tools for Enhancing 
Inquiry in Science Education  that were designed to support the effective 
implementation of an inquiry-based approach to science teaching. The tools result 
from three years of collaborative work among science education researchers, science 
teacher trainers, and science teachers with different levels of experience in 
implementing inquiry-based science education belonging to six different European 
countries: France, Greece, Italy, Slovakia, Sweden, and the United Kingdom. The 
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Tools for Enhancing Inquiry in Science Education comprise a Diagnostic Tool for 
CPD Providers and a Self- Reflection Tool for Teachers (Borda Carulla, 2012).  

All SID activities will be assessed both by internal and external evaluators through 
some assessment tools, mainly on summative evaluation of the achievements, that 
have been studied and planned by the National Steering Committee in deeply 
cooperation with external International evaluators. This assessment will describe the 
concrete results and the impact of the programme on the different actors, partners and 
structures, as well as their sustainability. 
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Abstract: In the PATHWAY framework, a concise methodology for designing, 
expressing and representing inquiry based educational practices is proposed. This 
allows, first, the mean for describing the identified Activities for Teaching science 
by Inquiry, that is, the building blocks of different scenarios which are identified 
as subject-domain independent “educational activities” that implement a specific 
inquiry educational approach, second, to either properly implement existing Best 
Practice Educational Scenarios from international success stories or to create new 
Activities for Teaching science by Inquiry. All these activities follow three main 
categories: school based activities, activities that promote school-science centre 
and museum collaboration and activities that promote school-research centre 
collaboration. 
Simultaneously, the essential features of inquiry learning are identified by 
harvesting an extensive review of the literature on inquiry teaching and learning 
and on effective models for professional development. The process build upon a 
series of workshops where science educators, science curricula developers, teacher 
educators, scientists, practitioners, specialists in cognitive psychology, sociology 
and learning sciences will be invited to participate to exchange experiences.  
 
Keywords: E-learning, inquiry-based learning, inquiry-based teaching, teaching 
practise, teacher education, professional development 
 
 
PATHWAY’S VISION 
The objective of the three-year European PATHWAY-project with its 25 partner 
organisations is to set the pathway toward a standard-based approach to teaching 
science by inquiry. The project aims to (i) support the adoption of inquiry teaching 
by demonstrating ways to reduce the constrains presented by teachers and school 
organisations, (ii) demonstrate and disseminate methods and exemplary cases of 
both effective introduction of inquiry to science classrooms and professional 
development programmes, as well as to (iii) deliver a set of guidelines for the 
educational community to further explore and exploit the unique benefits of the 
proposed approach in science teaching. In this way the project team aims to 
facilitate the development of communities of practitioners of inquiry that will 
enable teachers to learn from each other. 
Out of about 50 selected Best Practice Examples within the Pathway project, an 
approach labelled Natural Europe is linking museums and school classrooms. 
Natural history and environmental education inadequacy in formal and informal 
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contexts is becoming an increasingly challenging issue, harvesting the potential of 
digital libraries in natural history museums appears as a very attractive option. An 
impressive abundance of high quality digital content available in Natural History 
Museums around Europe still remains largely unexploited due to a number of 
barriers, such as: the lack of interconnection and interoperability between the 
storage systems of Natural History Museums, the lack of centralized access as well 
as the inefficiency of current content organization and the metadata used. 

 

BACKGROUND AND INTRODUCTION 
Inquiry activities are at the heart of design for IBSE. Learning activity, as distinct 
from content, is the central concern of work within the design for learning field, 
which has historical roots in the wider field of instructional design (MacLean and 
Scott 2011). According to Beetham (2007) a learning activity is a specific 
interaction of learner(s) with other(s) and with an environment (optionally 
involving resources, tools and services) that is carried out in response to a task 
orientated towards specific learning outcomes. Furthermore, according to Conole 
and Fill (2005) there are three (3) dimensions that constitute a learning activity: (i) 
The context within which the activity occurs, this includes the subject matter (i.e., 
physics, geography, math, arts, etc.), the level of difficulty, the intended learning 
outcomes (i.e., recall, understanding, etc.) and the environment within which the 
activity takes place (i.e., computer-based, lab-based, etc.). (ii) The pedagogical 
approach adopted (i.e., problem based learning, inquiry based learning, etc.).(iii) 
The tasks undertaken to achieve the intended learning outcomes. Tasks can be 
described by the type of task (i.e., reading, writing, viewing, etc.), the techniques 
used (i.e., presenting, discussing, arguing, etc.), associated tools and resources 
(i.e., computer, software, mobile devices, etc.), the interaction (i.e., class based, 
group based, etc.) and roles (teacher, learner, group leader, etc.) of those involved 
and the assessments (i.e., formative, summative) associated with the learning 
activity (Falconer et al, 2006). 

The concept of learning design is far from new. While they may not always see 
themselves as ‘designers’, teachers consciously and reflectively, as well as 
subconsciously, engage in the process of design, and make design decisions in 
everyday lesson and project planning (Beetham 2007). However, an explicit focus 
on learning design is in tune with the increased focus in educational theory in 
recent years on the role of student activity in learning, as distinct from the 
transmission of content. We suggest that, from the science teacher’s perspective 
there may be two main advantages associated with the concept of design for 
learning: firstly, it may provide a framework for deeper reflection and more 
creative educational practice; and, secondly, it offers a framework for participation 
in sharing and reuse/repurposing of practice within professional communities. 

Teaching science by inquiry is a multi-faceted, contingent practice. Some of the 
factors that, in any one context, combine to shape the way in which teachers 
approach design for IBSE include: the character of the national teaching and 
assessment policy regime; the character of the school or other institutional learning 
and teaching culture; the teachers’ conceptions of teaching and learning; the 
pedagogic traditions of their specific science subjects; the availability of 
educational resources; the affordances of formal and informal learning spaces; 
and, of available technologies. Design for IBSE involves exercising informed, 
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creative professional judgments about, among other aspects: incorporating IBSE 
into frameworks of wider curriculum requirements; creating or selecting activities 
that will motivate and engage students; establishing appropriate learning outcomes 
and assessments; approaches to provision of guidance and support; using specialist 
equipment and digital technology; selecting learning resources including readings 
and links to useful websites; addressing classroom management issues and 
minimizing of any risks involved in hands-on activity. A science teacher may take 
notes on what went well and less well in order to strengthen certain inquiry aspects 
or to reflect on what should be kept into the inquiry process for the next year. 
While much of the design for learning work involved in IBSE entails planning and 
reflection, it also involves interacting with students and thinking fast during 
inquiry activity, and taking in-process decisions. 

The focus of learning design is learning activity: what counts as most important in 
relation to learning outcomes is what the student does (Biggs 1996). Activity 
encompasses mental elements (e.g., a meta-cognitive reflection on the process of 
analysing scientific data), and physical elements (e.g., using laboratory equipment 
or a digital scientific tool) (Ellis & Goodyear 2010). However, while the ultimate 
focus of learning design is activity, activity is mediated in formal educational 
settings by tasks: students are set tasks and their activity ensues in response to the 
demands of these (Beetham 2007). Tasks designed by teachers thus can be seen as 
a key stimulus and resource for student activity. Within the Pathway framework of 
‘Seven Essential Features of IBSE’ - questioning, evidencing, analysing, 
explaining, connecting, communicating, reflecting (adapted from Asay & Orgill 
2010) – the design of tasks that will stimulate productive activity in each of these 
areas is the key challenge for science teachers. 

Design for learning need not be supported by the use of digital technology. 
However, since the late 1990s the concept of design for learning has been adopted 
in the e-learning field to refer to the use of technology to assist teachers to describe 
and make existing lesson plans and practice scenarios accessible so as to facilitate 
reuse/repurposing, and to plan new learning activities. 

Conole (2008) distinguishes two related strands of work in this field: 

1. The first is concerned with using technology to enable the description, or 
representation, and the making accessible, of concrete examples of best practice. 
As identified by the Mod4L project , ways of describing and making accessible 
learning designs using technology platforms and tools include: digital case studies 
(text-based and video-based), controlled vocabularies (metadata), digital design 
patterns, concept maps, temporal sequences, flow diagrams and the visual 
interface of the Learning Activity Management System (LAMS, see below). ‘One 
size does not fit all’ and different approaches to representation are suited to 
different purposes (Falconer et al 2007).  

2. The second strand - separate, but often linked in practice - is concerned with 
using technology to provide principled guidance for the practice of design, by 
means of creating digital ‘pedagogic planners’ or ‘learning design toolkits’.  

The presentation will briefly review selected examples of projects (from both 
school-level and higher education) that illustrate developments in these two areas. 
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DIFFUSION OF INQUIRY THROUGH TRAINING ACTIVITIES 
The PATHWAY framework focuses on identifying best practices in inquiry-based 
science education. The main contribution of the PATHWAY framework is to form the 
basis for the development of standard-based approach to teaching science by inquiry 
that outlines instructional models that will help teachers to organise effectively their 
every day practice. The determination of the underlying principles that should govern 
the presented standardization approach is based on the concepts and the theoretical 
approaches deriving from recent educational research on the field. The proposed 
approach imparts a deep understanding of content, teaches prospective teachers many 
ways to motivate young minds, especially with the appropriate use of technology, and 
to guide them in active and extended scientific inquiry, and instils a knowledge of – 
and basic skills in using – effective teaching methods in the discipline. 
 

Such a process will allow all stakeholders to move in the same direction, with the 
assurance that the risk they take in the name of improving science education will be 
supported by policies and practices throughout the Member States Educational 
Systems. The work that is presented aims to add its contribution to the 
implementation of the PATHWAY approach by setting out the principles that should 
underpin the inquiry based science education of all students throughout their 
schooling. It argues that students should be helped to develop “big ideas” of science 
and about science that will enable them to understand the scientific aspects of the 
world around and make informed decisions about the applications of science. 

 

For this understanding students need authentic learning experiences (best practices) 
that are interesting and engaging and seen as relevant to their lives. The document 
therefore also considers the progression from small ideas about specific events, 
phenomena and objects to more abstract and widely applicable ideas and highlights 
the significant aspects of inquiry based pedagogy that are required to support this 
progression. 

 

 

RESULTS AND DISCUSSION:  
DEFINING BEST PRACTICES IN IBSE 
The PATHWAY project is introducing a Standard-Based approach which outlines 
instructional models that will help teachers to organise effectively their instruction. 
Such a perspective begins with the educational outcomes—Set clear and high 
expectations for the performance of the students — and then identifies the best 
strategies to achieve the outcome. According to the PATHWAY approach the process 
of inquiry is the very heart of what teachers need to do in their lessons. Inquiry not 
only tests what students know, it encourages students to provide detailed explanations 
as opposed to simplistic answers. It uses “hands on” approaches to learning 
(Muscovitz & Kellog, 2011), in which students participate in activities, exercises, and 
real-life situations to both learn and apply lesson content. IBSE provides a method 
where students not only experience what to learn but how to learn. High-quality 
teaching, especially in the sciences, focuses on the skills of observation, information 
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gathering, sorting, classifying, predicting, and testing. A good science or mathematics 
teacher encourages students to try new possibilities, to venture possible explanations, 
and to follow them to their logical conclusions. It builds on strengths rather than 
trying to stamp out weaknessesi. 

 

The implementation of a standard-based approach will highlight and promote best 
practices in teaching science by inquiry. Such a process will help to chart the course 
into the future. By building on the best of current practice, the PATHWAY approach 
aims to take us beyond the constraints of present structures of schooling toward a 
shared vision of excellence. 

 

The PATHWAY Standard-Based approach recommends that science teachers that 
effectively promote inquiry should: 

 Plan an inquiry-based science program for their students by developing both short- 
and long-term goals that incorporate appropriate content knowledge. 

 Implement approaches to teaching science that cause students to question and explore 
and to use those experiences to raise and answer questions about the natural world. 
The learning cycle approach is one of many effective strategies for bringing 
explorations and questioning into the classroom. 

 Guide and facilitate learning using inquiry by selecting teaching strategies that 
nurture and assess student's developing understandings and abilities. 

 Design and manage learning environments that provide students with the time, space, 
and resources needed for learning science through inquiry.  

 Experience science as inquiry as a part of their teacher preparation program. 
Preparation should include learning how to develop questioning strategies, writing 
lesson plans that promote abilities and understanding of scientific inquiry, and 
analyzing instructional materials to determine whether they promote scientific 
inquiry. 

 Receive adequate administrative support for the pursuit of science as inquiry in the 
classroom. Support can take the form of professional development on how to teach 
scientific inquiry, content, and the nature of science; the allocation of time to do 
scientific inquiry effectively; and the availability of necessary materials and 
equipment. 

Regarding students’ abilities to do scientific inquiry, the PATHWAY Standard-Based 
approach recommends that teachers that promote IBSE should be able to help 
students to: 

 Learn how to identify and ask appropriate questions that can be answered through 
scientific investigations. 

 Design and conduct investigations to collect the evidence needed to answer a variety 
of questions. 

 Use appropriate equipment and tools to interpret and analyze data. 
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 Learn how to draw conclusions and think critically and logically to create 
explanations based on their evidence. 

 Communicate and defend their results to their peers and others. 

Regarding students’ understanding about scientific inquiry, the PATHWAY 
Standard-Based approach recommends that teachers that effectively introduce IBSE 
should be able to help students understand: 

 That science involves asking questions about the world and then developing 
scientific investigations to answer their questions. 

 That there is no fixed sequence of steps that all scientific investigations follow. 
Different kinds of questions suggest different kinds of scientific investigations. 

 That scientific inquiry is central to the learning of science and reflects how 
science is done. 

 The importance of gathering empirical data using appropriate tools and 
instruments. 

 That the evidence they collect can change their perceptions about the world and 
increase their scientific knowledge. 

 The importance of being sceptical when they assess their own work and the work 
of others. 

 That the scientific community, in the end, seeks explanations that are empirically 
based and logically consistent. 

 

A detailed description of all selected Best Practices which additionally have been 
tested in the framework of the PATHWAY project in numerous countries across 
Europe is provided by Bogner, Boudalis & Sotiriou (2013). 
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Abstract: The competence-based framework has become the basis for most recent 

curriculum reforms and students’ achievement of scientific competence has become one 

of the main objectives of science education. However, students show low levels of 

scientific competence and teachers have also big challenges in mastering it. This study 

shows the results of a transformative research intervention that tries to bring research 

closer to practice regarding teaching for the achievement of scientific competence, 

through the design of a teachers’ professional development initiative. The designed 

initiative is based on ideas of the PLC framework in order to change the present school 

culture into a more professional one that helps teachers change their practice within the 

competence-based framework. This is done bearing in mind the importance of focus on 

the subject, participation in authentic cooperation, and a reflective stance from teachers 

sharing the common goal of fostering students’, but also their own, learning. Results 

show a general improvement in teachers’ practices towards the competence-based 

framework (focusing on key ideas, using good questions, and including MBI and 

formative assessment), although the degree of change is more important in some 

teachers than in others. Teachers who have experienced a bigger change in their 

competence-based teaching are also participants of a community of practice with better 

characteristics than teachers that have achieved lower changes in their teaching practice.  

 

Keywords: transformative research, professional learning communities, scientific 

competence, in service teachers, primary school. 

 

RATIONALE 

Since the DeSeCo project (Rychen & Salganik, 2003), the competence-based 

framework highlights the importance of teaching for the achievement of basic 

competences. However, international evaluation shows that scientific competence is 

very demanding for students (OECD, 2007) while research also evidences that teachers 

face similar challenges (Garrido, 2012; Boudamoussi & Pintó, 2009).  

This situation highlights the need for teachers to develop professionally as they are the 

ones who have to bring innovation to practice (Duffee & Aikenhead 1992). In this 

sense, within the paradigm of transformative research in science education, the problem 

we face is how to design and implement a research intervention able to support and 

facilitate teachers’ professional development in the field of scientific competence. As a 

consequence, the research intervention we have used is based on what we know from 

the teacher professional development field. 

What is teaching for the achievement of scientific competence? 

When we talk about competence-based teaching we are referring teaching for the 

achievement of students’ “capacity to mobilise contents and solve real problems” 
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(Perrenoud, 1995). In order to do so, teachers should be able to focus on the key 

scientific ideas, use good questions that problematize content, include a MBI approach 

in the classroom and a formative assessment coherent with the learning objectives.  

We consider a priority that teachers are able to Focus on key scientific ideas, instead of 

in a collection of facts and theories (Osborne & Dillon, 2008). These are a few but 

important set of ideas to be progressively constructed across schooling. 

According to Roca, Marquez & Sanmartí (2013), the Use of “good questions” in the 

science classroom is an essential triggering strategy for motivating, contextualising and 

focusing students’ learning within the competence-based framework. Good questions 

are defined as open (multiple answers), productive (everyone can elaborate an answer), 

contextualised (in a context close to students), relevant (in personal, social and 

scientific-didactical terms) and posed with a clear demand (clear objective). 

In agreement with this view, an adequate teaching methodology is Model-Based 

Inquiry. MBI includes the characteristics of Inquiry (such as students’ activity and 

motivation) but emphasising the conceptual aspect of those inquiries, by using and 

revising key explanatory models (Windschitl et al., 2008).  

Finally, it is through assessment that educational objectives are made explicit and 

therefore, it should be coherent with the learning objectives. Formative assessment 

promotes the acquisition of students’ autonomy by developing metacognitive skills 

(White & Gustone, 1989) and has more to do with the sort of interactions in the 

classroom than how to evaluate particular productions (Black & Wiliam, 2009). 

In what view of professional development is framed the intervention? 

Traditional teacher education, described in the literature as fragmented, intellectually 

superficial, very theoretical, non-related to innovation and neglecting what it is known 

about how teachers learn (Ball and Cohen 1999; Borko 2004) is not having the expected 

impact (Guskey, 2000). 

As a result, new Continuous Professional Development (CPD) initiatives have emerged, 

where teachers’ development is seen as an intentional, ongoing and systemic process 

(Guskey, 2000). They are described as school-based and classroom-oriented initiatives 

that promote teachers’ active participation in a collaborative and reflective way, which 

are focused on the subject and highly related to innovation, inquiry and research 

(Couso, 2009). A clear example of CPD initiatives is the Professional Learning 

Community (PLC), which can be defined as “a group of people sharing and critically 

interrogating their practice in an ongoing, reflective, collaborative, inclusive, learning-

oriented, growth-promoting way, and operating as a collective enterprise” (Stoll & 

Louis, 2007). A PLC tries to change the un-formative atmosphere of traditional staff 

meetings towards a professional community where teachers meet to learn and generate 

students’ learning. 

According to these ideas, we propose characterising how a professional learning 

community is emerging, analysing the type of reflection, collaboration and the learning-

growth orientation with the existing school culture. 

Reflection has a crucial role in PLC as the strategy to guide participation, decision 

making and change of practice. We find of particular importance the level of teachers’ 

reflection regarding the three dimensions that characterise teachers’ conceptions on 

teaching and learning, that is, why, how and what to teach.  
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A good level of collaboration is also necessary in any PLC for the achievement of its 

challenging goals, going beyond mere organisational purposes towards professional 

collaboration on issues of teaching and learning. Unsurprisingly, this is not the present 

situation in most schools (OCDE 2009). 

Closely related to collaboration, a fundamental part of a PLC is its learning-growth 

orientation, meaning that working collaboratively should aim to achieve participants’ 

learning from the process and ultimately students’ learning (Stoll & Louis, 2007).  

Finally, an intervention designed to transform teachers’ practice by using characteristics 

of effective CPD in a school-embedded way doesn’t occur independently from the 

present school reality, but upon the previous culture. How to deal with this existing 

school culture in productive and effective ways is one of the main challenges of the 

PLC framework (Bolam et al., 2005). 

 

CONTEXT OF THE INTERVENTION 

Our intervention was done within the TRACES
 
and COMPEC

1
 projects, in an urban and 

quite traditional school in Barcelona, during two school years (2010-2012). It involved 

the 25 kindergarten and primary school teachers, which were structured in 4 courses: 

kindergarten (3-6 years old), initial (6-8), intermediate (8-10) and high (10-12) course. 

First year intervention was an introduction to competence-based teaching with the 

whole school board. Second year consisted in a constant accompaniment of teachers in 

the design and implementation of two research-based Teaching and Learning Sequences 

(TLS) based on teachers’ needs and in a collaborative way (Figure 1).  

 

Figure 1: Ideas that guide the intervention and specific strategies used. 

 

RESEARCH QUESTIONS 

In this context of the intervention, we have three research questions: 

1. What degree of teachers’ change of practice regarding competence-based 

teaching is achieved along the intervention process? 

2. What sort of communities of practice emerge in this intervention? 

3. How the different characteristics of the PLC relate to different levels of change 

in teachers’ practice regarding competence-based teaching? 
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METHODOLOGY 

The methodology used in this research is qualitative and interpretative, aiming to 

analyse the evolution of competence-based teaching of some teachers, the type of 

communities of practice that emerged and the relation between the two. 

Data gathering strategy 

For doing our in-depth analysis we have focused on a convenient sample of the teachers 

of initial course (1
st
-2

nd
 grade/6-8years old) and intermediate course (3

rd
-4

th
 grade/8-10 

years old). In order to identify teacher’s change of practice (research question 1) we 

have analysed teachers’ productions (the two TLS designed) in 2 moments of the 

intervention (initial and final). Regarding the analysis of the communities of practice 

that emerged during the intervention (research question 2), we analysed teachers’ 

productions and emails, audio recordings of the group meetings and reflection diaries. 

Data analysis 

The categories and sub-categories defined to analyse the level of Competence-based 

teaching and Community of practice are inspired in the theoretical framework but also 

emerging from data. We have established 3 levels of achievement in each category. 

Analysis of competence-based teaching 

Table 1 describes the 3 levels established for each category previously defined as the 

aspects that should guide the competence-based teaching. 

Table 1 

Definition of the 3 levels in each competence-based teaching category. 
Category Level 1 Level 2 Level 3 

1. Focus on 

key scientific 

ideas 

No focus on key ideas: 

Activities are centered on 

multiple concepts, details, 

superficial ideas, etc. 

Mostly centered on one 

scientific idea but: 

- it is not a key teaching 

content, it is not well developed 

(not well understood by 

teachers) or other contents are 

taught in between. 

Focused on the key scientific 

idea: 

Activities are centered on the key 

scientific idea or model, and all 

the teaching-learning process is 

guided by this main purpose. 

2. Use of 

good 

questions 

Questions have none/one 

characteristic of good 

questions  

Questions have few 

characteristics of good 

questions 

Questions have most 

characteristics of good questions  

3. Use of 

Model-based  

inquiry  

No experimentation or 

hands-on experiments: 

No experimentation or 

isolated hands-on activities 

focused on motivation.  

Model-based guided Inquiry: 

Experimentation focused to 

build the model but presented 

as a guided-inquiry (given 

question, hypothesis, design,...) 

Model-based open inquiry: 

Inquiry focused to build the 

model. Presented as an open 

/semi-open inquiry (elaborating 

hypothesis, conclusions, etc.) 

4. Use of 

formative 

assessment 

No evaluation or traditional 

- Summative, as an extra 

activity to assess students 

achievements. 

- No use of good questions 

- Evaluation not coherent 

with the key ideas. 

First approach to change the 

type of evaluation:  

- It is still summative  

- Includes good questions. 

- Evaluation is coherent with all 

the learning sequence. 

Formative assessment:  

- Integrated along the learning 

sequence, aiming to help 

students’ learning. 

- Includes good questions. 

- Evaluation is coherent with all 

the learning sequence. 

 

For the analysis of Use of good questions, a level (1, 2 or 3) was given to each question 

included in the TLS. Afterwards, we calculated the percentage of questions in each level 

and made an average, getting a specific level (i.e. level 1,3) for each TLS. For the 

analysis of the rest of categories, a level (1, 2 or 3) was given to each TLS analysed. 

When aspects of two levels were found, we placed them in between two levels (i.e. 1.5). 
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A final level was given to each grade teachers, by making the average of the levels of 

each of the four categories. 

Analysis of Community of practice  

Table 2 shows the 3 levels established for each category and sub-category mentioned 

before as aspects of a community of practice: 

Table 2 

Definition of levels in each Community of practice categories / sub-categories. 
Category/Sub-categ. Level 1 Level 2 Level 3 

1
. 

R
ef

le
ct

io
n

 

1a. Reflection 

regarding the 

outcomes of 

practice (Why to 

teach) 

Focus on superficial 

outcomes: class 

environment, students’ 

behaviour, motivational 

aspects, etc. 

Focus on students’ learning 

outcomes without identifying 

meaningful learning  

Focus on students’ 

meaningful learning within 

the competence-based 

framework  

1b. Reflection 

regarding the 

teaching practice 

(How to teach) 

No reflection on practice: 

practice is determined by 

children’s capacity, 

external constraints, 

tradition, etc. 

Teacher reflection on practice 

but without focus on 

competence-based teaching  

(transmission of contents, 

centered in their own 

experience...) 

Teacher reflection on practice 

that focus on teaching for 

achieving scientific 

competence (use of 

questions, key ideas, ...) 

1c. Reflection 

regarding the 

content (What to 

teach) 

No explicit reflection on 

what to teach(content is 

unproblematic and 

determined by the book) 

Initial questioning on the 

selection of what to teach but 

without adequately 

incorporating the new content  

Recognition of the 

importance of the selection of 

what to teach, incorporating 

the new content  

2
. 

C
o

ll
a

b
o

ra
ti

o
n

 

2a. Type of 

collaboration  

No professional 

collaboration: Sharing of 

resources, organizational 

collegiality, etc. 

Initial professional 

collegiality: sharing of 

knowledge, collaborative 

design, etc. 

Community approach to 

collaboration: co-learning, 

co-teaching, peer-review, 

critical friendship, etc. 

2b. Type of 

leadership and its 

distribution. 

No distribution. 

Leadership associated 

with school hierarchy 

(principal, coordinator) or 

other non-professional 

characteristics (seniority, 

gender, etc.)  

Leadership associated with 

positive professional 

characteristics: teacher’s 

knowledge, professional 

experience, outcomes, 

autonomy, etc. but not 

necessarily distributed. 

Distributed professional 

leadership 

 

3. Learning-Growth 

orientation  

There is no recognition of 

a learning-growth 

orientation in the 

intervention /no real 

recognition of the external 

contribution. 

Recognition of the 

intervention contribution 

(research knowledge, 

practical knowledge, etc.) for 

specific aspects of their 

learning and change of 

teaching practice. 

Recognition of the 

intervention contribution 

(research knowledge, 

practical knowledge, etc.) for 

their own learning and 

teaching practice.  

4. Dealing with the 

school culture 

Perception of a 

“constrained” school 

culture (strong hierarchy, 

closeness to change, no 

promotion of change etc.) 

Dealing and taking advantage 

of certain aspects within the 

constraints of the school 

culture (openness to small-

scale changes) 

Dealing and taking advantage 

of the school culture 

(promotion of change, 

distributed decision-making, 

openness to new ideas etc.) 

 

In order to identify the level of each category for each grade teachers we have identified 

units of analysis in the diverse data collected and given them a level (1, 2 or 3). The unit 

of analysis varied from a short sentence/comment to a whole conversation or long 

explanation (oral or written). Then, we have made the average of the levels and got a 

global level of community of practice for each grade teachers. 
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RESULTS 

According to our research questions, we present the results obtained regarding (1) 

competence-based teaching, (2) community of practice and (3) influence of the type of 

community in the change in competence-based teaching. 

Results regarding Competence-based teaching of Science 

The teaching for the achievement of scientific competence has a positive evolution for 

all grades (Figure 2), though the type and degree of change is different between grades. 

1
st
 and 2

nd
 grade teachers’ have barely increased their level of competence-based 

teaching (0.3 points), basically due to an improvement of “Use of model-based inquiry”. 

Despite these teachers were able to move from a transmissive teaching practice to start 

doing experiments, they didn’t really achieve a model-based inquiry approach. 

3
rd

 grade teachers have experienced the biggest increase (1.0 point) and have improved 

in all categories. These teachers have done important changes in focusing on the main 

scientific idea, using good questions that problematize this idea and implementing a less 

guided inquiry focused on the model. The evaluation, although being summative, 

changed from a traditional assessment (with theoretical and reproductive questions) to 

an assessment more formative and coherent with the contents in the TLS. 

Finally, 4th grade teachers have increased their competence-based teaching in 0.6 

points, mostly improving their “Focus on key ideas” and “Formative assessment”. 

However, there is no change in the “Use of good questions” and “Use of model-based 

inquiry” with experimentation remaining as mere motivational hands-on activities. 

As a summary, those teachers who made a bigger change in their teaching practice (3
rd

 

and 4
th

 grade teachers) are those who improve in areas that question crucial teaching 

ideas, such as what students should learn (focus on key ideas) and how to evaluate what 

students learn (use of formative assessment). 

Figure 2: Total level of competence-based teaching – divided in the 4 

categories – of 1
st
-4

th
 grade teachers at initial and final moments of the intervention. 

On the contrary, teachers who have changed less (1
st
 and 2

nd
 grade teachers) are those 

who don’t really modify their practice regarding these deep ideas about science teaching 

and learning and just introduce superficial changes in their classroom methodology, 

such as including experiments or changing the type of some of the questions they make. 

Results regarding Community of practice  

The results of the four categories with which we characterise the sort of community of 

practice emerging in this process are:  
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Reflection 

In general, 1st grade teachers show lower levels of reflection (between levels 1 and 1.5) 

than teachers of 2
nd

, 3rd and 4th grades (between level 2 and 3, see Figure 3).  

 

 

 

Figure 3: Levels of reflection. 

Regarding reflection on the outcomes of practice, 1
st
 grade teachers focused mostly on 

superficial outcomes such as the class environment or students’ behavior (level 1). 

It was fun, students with closed eyes were trying to guess their breakfast. (1st grade, reflection diary) 

Teachers of other grades had clearly deeper reflections on students’ learning, focusing 

on meaningful learning and comprehension (level 2.5-3). 

“We still don’t see clear evidence that students see the differences between chemical and physical 

changes.” (3rd grade, reflection diary) 

“Students have learned from the activity and the knowledge related to what we had proposed. It means the 

work done has given the output it could give" (4th grade, reflection diary) 

Regarding reflection on teaching practice, 1
st
 grade teachers also lacked a critical 

reflection, as they understood practice as mostly determined by students’ capacities and 

external constraints. When they reflected on their practice they did it centered in their 

personal experience (level 1.5). 

“I have my doubts that a child of 1st grade may be conscious enough to get there" (1st grade, 1st meeting) 

"Applying this method in the reading classes is not as complicated as I thought" (1st grade, reflection diary) 

Teachers from other grades, on the contrary, have had deeper reflections on practice. 

However, this was not always regarding the sort of practice the intervention proposed 

but, for instance, maintaining a traditional transmissive view of science teaching: 

"The satisfaction as teachers noticing that we can transmit content in a different way" (2nd grade, reflection 

diary). 

However, these same teachers were also able to reflect on the sort of practice related 

with achievement of the scientific competence, valuing a methodology used by the 

researcher in co-teaching experience, realizing the importance of teaching the key 

scientific ideas (level 2.5). 

[After the co-teaching class with the researcher] “You [researcher] gave the students a little bit the clue, 

and they were able to find it [...] I didn't expect that from them" (2nd grade, 3rd meeting). 

Regarding reflection on the content of teaching, 1
st
 grade teachers haven’t had an 

explicit reflection because content is seen as determined by the textbook (level 1). 

[When discussing how to select the contents to teach] “We should remember that we are tight to school 

books” (1st grade, reflective diary)  
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By contrast, 2
nd

 grade teachers initially questioned the selection of what to teach, 

realising the incompatibility of textbook contents and the new competence-based 

teaching approach, recognizing the importance of selecting few contents (level 2): 

 “We think that what helps our teaching practice is that you [researchers] have guided us to find the way of 

approaching one only scientific content within a very wide topic” (2nd grade teachers, reflection diary) 

Teachers of 3
rd

 and 4
th

 grade have critically reflected about content and struggled to 

understand which are the key scientific ideas in each topic: 

“Well, it seems that we still don't have it all clear the easiest way to distinguish the two types of changes 

[physical and chemical changes]. […] due to a lack of scientific knowledge we are complicating 

everything. Please, could you help us in this point?" (4th grade teachers, email to researchers).  

However, they finally managed to change the content of teaching, recognized by them 

as a demanding task which, however, is considered worth the effort (level 2.5-3). 

"Previous year lesson was very dense [...] I think that we won't do it again […] I will reduce the content to 

this [basic ideas]" (3rd teachers, 3rd meeting)  

“We have to do it again because probably we will focus better [on the key ideas]” (4th grade, 3rd meeting)  

Collaboration 

Regarding collaboration, 3
rd

 and 4
th

 grade teachers have had higher levels of 

collaboration (levels 2.5-3) than1st grade teachers (level 1). 2
nd

 grade teachers have 

achieved very different levels in each sub-category (see Figure 4).  

 

Figure 4: Levels of collaboration  

 

1
st
 grade teachers have had collaboration as a sharing of resources instead of a 

professional one (level 1). Their involvement in the joint design and implementation of 

TLS is seen as extra activity (not part of the teacher’s professional duties) with benefits 

mostly for organisational purposes.  

“As a negative aspect I say that it has taken us extra hours ... the preparation of the material and the lenght 

of the activity has been a lot of work” (1st grade, reflective diary) 

2
nd

 grade teachers were able to establish higher levels of collaboration, with a 

community approach with researchers and the other grade teachers (level 2.5). 

Evidences of this are, for instance, that teachers on this grade invited researchers to 

participate in a co-teaching experience. 

For 3
rd

 and 4
th

 grade teachers’ collaboration has been of a professional sort, with real 

sharing of knowledge and critical friendship (level 2.5-3) between teachers and with 

researchers. As an example, a teacher of 3
rd

 grade allowed researchers to video-record 

her new lessons, asking for critical feedback.  
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Regarding the type of leadership achieved, results are discussed by course due to the 

fact that group meetings were with an official coordinator per course. Initial course 

teachers have shown very low levels of distribution of leadership (level 1). This is 

because the official coordinator (a 1
st
 grade teacher) had a leadership role related to his 

position in the school hierarchy. His strong opinions leaded most of the discussions, 

resulting in a non-distributed leadership. Intermediate course teachers, by contrast, have 

shown good distributed leadership (level 2.5). In this case, the leader (a 3
rd

 grade 

teacher) had some influence in the decision making but her leadership was associated to 

positive professional characteristics (opened, hard-working and positive attitude).  

Learning-growth orientation 

1
st
 and 2

nd
 grade teachers have had lower recognition of the intervention as related to 

their learning than in 3
rd

 and 4
th

 grade (Figure 5).  

For 1
st
 grade teachers (in the voice of their coordinator), the intervention was seen as a 

compulsory activity decided by the school principal. They participated as required 

(designing and implementing TLS), but expecting researchers’ just official approval.  

“It has been more work this time [...] We hope you are happy... we put our biggest effort" (1st grade, e-mail) 

In this sense, they were not open to critical feedback, either considered the intervention 

as a learning opportunity. This could be related to the fact that the coordinator was very 

critical with the research contribution, which he considered too theoretical and un-

practical, taking into account the constraints of their school (level 1). 

"The training session lacked to take into account that we have 28 students and we are tight to the school 

books" (1st grade, reflective diary) 

2
nd

 grade teachers have achieved a more positive view of the intervention as impacting 

their practice. Although the atmosphere at course meetings was the same than for 1
st
 

grade teachers, their recognition of the intervention contribution was very positive when 

working directly with the researchers, positively reflecting on researcher’s 

methodologies in the co-teaching, and considering them practical knowledge in order to 

achieve students’ learning (level 2). 

"I liked a lot the question type 'why do you think that…?' you have said it many times and I think it makes 

them reflect" (2nd teacher, 3rd meeting).  

3
rd

 and 4
th

 grade teachers have also recognized aspects of the intervention, including 

research input and personal effort, as very important characteristics to improve their 

teaching. In this sense, they demanded researchers’ guidance for specific aspects they 

wanted to improve and were conscious of their learning along the process. 

“Looking back we see that our initial idea was very confusing and that we have designed the project with 

your help to reach a clear design” (3rd grade, reflection diary)  

"We have to thank the patience you [researchers] show by repeating the ideas that make us get confused 

about the topic. Now we are a little bit closer to the idea [the key teaching idea]" (4th grade, e-mail)  

This led them to have a positive view of the process, despite recognizing the extra effort 

it meant: 

 “We are motivated to start new implementations. Although initially it requires a lot of effort to prepare 

them, we are more satisfied than when we followed the book.” (3rd grade, final meeting). 
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Dealing with the school culture  

In general, 3
rd

 and 4
th

 grade teachers have shown a bit more capability to overcome 

external constraints than 2
nd

 and 1
st
 grade teachers (see figure 5).  

1
st
 grade teachers have shown a strong perception of a constrained school culture 

(strong hierarchy, closeness to change, limiting resources, etc.) and they haven’t been 

able to overcome them across the intervention (level 1). 

[Referring to designing new materials suggested by the researcher], “We are obligated to do this [follow 

the textbook] and then parents ask us.” (1st grade, 2nd meeting) 

[When researchers proposed the use of the laboratory]“We have to combine the schedules with other 

teachers that have priority; there are security measures […] We have to remember they are 6 years old, 

they are not high school students” (1st grade, 4th meeting) 

2
nd

 grade teachers have shown similar perceptions in course meetings but with some 

positive attitudes regarding the possibilities of change (use of the laboratory and 

accepting co-teaching) (level 1.5). 

3
rd

 and 4
th

 grade teachers have reflected on school constraints but have been able to take 

advantage of certain aspects, such as openness to small-scale changes by the school 

administration (not using the text book, openness to use of the lab, etc.) (level 2).  

“We are more satisfied than when we followed the book.” (3rd grade, final meeting). 

This does not mean, however, that the school constraints have not affected the progress 

of all teachers. In fact, the rigidity of the school has placed important limits to all 

teachers’ development. 

“We don’t have time in common. We couldn’t meet. That’s why we are behind in designing the activities. 

We only have one hour and we have parents’ visit…” (4th grade, 3rd meeting).  

 

In general, we can conclude that the type of community emerging in the group of 3
rd

 

and 4
th

 grade teachers has better characteristics than in 2
nd

 grade and 1
st
 grade, which 

suggests they are closer to a professional learning community (see figure 6). Explicit 

learning-growth orientation is the category that shows more differences between grades, 

followed by collaboration and reflection. Dealing with the school culture is the more 

similar between all grades. 

   

Figure 5: Levels of learning-growth orientation and dealing with the school culture  
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Figure 6: Levels of the four categories of Community of practice  

 

Results regarding the influence of the community of practice in the 

competence-based teaching changes 

In general, better levels of reflection, collaboration, learning-growth orientation and 

capability of dealing with the school culture in a community of practice lead to major 

and deeper changes in competence-based teaching practices (see figure 7). 

  

Figure 7: Levels of community of practice and competence-based teaching  

 

CONCLUSIONS  

Aiming to bring research closer to practice and help teachers change their practice 

regarding competence-based teaching, we have proposed and implemented a teachers’ 

development initiative within the framework of PLC. After analysing the evolution of 

teachers’ competence-based teaching and characterising the sort of community of 

practice developed in each case, results show that better characteristics of the emerging 

community of practice relate to bigger changes in teachers’ design of adequate 

competence-based TLS, thus in agreement with the literature in the field. 

Regarding competence-based teaching, our results evidence that teachers can 

superficially change the way they teach by including new activities, such as experiments 

or motivational questions. Despite this can be seen as big enough changes in their 

teaching, they do not imply a change of practice within the competence-based 

framework. In contrast, changing the contents to be taught (problematising what to 

teach) requires a deep reflection on what are key scientific ideas for students' 
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meaningful learning. This implies an important change on what to do in the classroom 

and how to assess students’ learning, challenging deeply teachers’ PCK in science and 

their capability to design and implement competence-based TLS is promoted. 

Our results also show that, in agreement with most literature in the field, promoting 

critical reflection on the outcomes, content and type of practice; holding an authentic 

and inclusive collaboration; fostering professional and distributed leadership and taking 

into account the characteristics of the specific school culture are important aspects. 

However, doing so within a learning-growth orientation has shown to be the crucial 

aspect for the emergence of a community of practice that helps in the achievement of 

challenging didactical goals. In this sense, particularly this aspect should be properly 

promoted in any school-based intervention that aims to improve teachers’ practice.  

Despite we have tried to characterise the sort of community of practice and competence-

based teaching of this group of teachers, it is very difficult to really qualify the level of a 

PLC and the quality of inclusion of the competence-based framework. Nevertheless, 

this is a first attempt to relate the type of community emerging in a school-embedded 

intervention and teachers’ change of practice. We believe it is worth continuing 

exploring this line of research, as PLC literature too often focuses on the characteristics 

of these settings, without relating them to real changes in the actual teaching. Our 

results, however, still need to be related to students’ outcomes and not only to teachers’ 

capability to design adequate TLS, in order to know the real effects on students’ 

learning. Further research is needed in this sense. 

To finish, our results reaffirm previous authors that affirm that teachers attitudes, beliefs 

and ideas (such as recognition of research contribution, preconceptions of what students 

can learn, perception of the school culture constraints, etc.) seem to be important aspects 

that underpin teachers’ learning, progress and active participation in the community, 

and they can even inhibit teachers’ professional growth and their colleagues’. This 

implies that teachers’ beliefs should be carefully addressed if a real change is wanted. 

Although the intervention programme was intensive in terms of dedication and length, 

achieving deep changes in teachers’ practices and the construction of a real and 

sustainable community of practice are big challenges that may take long periods of time, 

specially with teachers that have strong beliefs or in schools with important constraints. 

 

NOTES 

1. TRACES: Transformative Research Activities. Cultural diversities & Education in 

Science (FP7-SIS-2009-1-24489) and COMPEC (EDU2009-08885). 

REFERENCES  

Ball, D. L. & Cohen, D. K. (1999). Developing practice, developing practitioners. In L. 

Darling-Hammond, & G. Sykes (Eds.), Teaching as the learning profession. 

Handbook of policy and practice (pp. 3-32). San Fransisco: Jossey-Bass. 

Bolam, R., McMahon, A., Stoll, L., Thomas, S., Wallace, M., Greenwood, A., Hawkey, 

K., Ingram, M., Atkinson, A. & Smith, M. (2005). Creating and sustaining 

effective professional learning communities. Research Report 637. London: 

DfES and University of Bristol  

Strand 14 In-service science teacher education, continued professional development

2597



 

Borko, H. (2004). Professional development and teacher learning: Mapping the terrain. 

Educational Researcher, 33(8), 3-15. 

Duffee, L., & Aikenhead, G.S. (1992). Curriculum change, student evaluation, and 

teacher practical knowledge. Science Education, 76, 493-506. 

Garrido, A. (2012). Visió del professorat de ciències de secundària en formació sobre 

la competència d’ús de proves científiques (Master thesis). Available online at 

http://www.crecim.cat/portal/index.php/ca-ES/publicacions 

Guskey, T. R. (2000). Evaluating professional development. Thousand Oaks, CA: 

Corwin. 

OECD. (2007). PISA 2006: Science Competencies for Tomorrow’s World. Executive 

Summary. 

OECD (2009), Creating Effective Teaching and Learning Environments: First Results 

from TALIS, OECD Publishing. 

Osborne, J. and Dillon, J. 2008. Science education in Europe: Critical reflections, 

London: Nuffield Foundation. 

Perrenoud, P. (1995). Des savoirs aux compétences. De quoi parle t on en parlant de 

compétences? Pédagogie collégiale, 9(1), 20 24. 

Roca, M.; Márquez, C.; Sanmartí, N. (2013) Las preguntas de los alumnos: Una 

propuesta de análisis. Enseñanza de las Ciencias, 31(1) 95-114  

Rychen D.S. & Salganik L.H. (2003) Key Competencies for a Successful Life and a 

Well-Functioning Society. Göttingen: Hogrefe & Huber Publishers. 

Stoll, L., & Louis, K. S. (2007). Professional learning communities: Elaborating new 

approaches. In L. Stoll & K. S. Louis (Eds.), Professional learning communities: 

Divergence, depth, and dilemmas, pp. 1-14. Berkshire, England: Open 

University Press. 

White, R. T. and Gunstone, R. F. 1989. Metalearning and conceptual change. 

International Journal of Science Education, 11(5): 577–586.  

Windschitl, M., Thompson, J., & Braaten, M. (2008). Beyond the Scientific Method: 

Model-Based Inquiry as a New Paradigm of Preference for School Science 

Investigations. Science Education, 92(5), 941-967. 

Strand 14 In-service science teacher education, continued professional development

2598

http://www.crecim.cat/portal/index.php/ca-ES/publicacions


COMMUNITIES OF PRACTICE AND CONTINUOUS 
TEACHER PROFESSIONAL DEVELOPMENT. FINDINGS 

FROM EIGHT CASE STUDIES 

 

Emilio Balzano1, Francesco Cuomo1,2, Ciro Minichini1, Marco Serpico1 
1 Università degli Studi di Napoli Federico II, Italy 
2 Martin-Luther-Universität Halle-Wittenberg, Germany 

 

Abstract: Two key elements in promoting research-based science teaching in schools 
are the development of professional learning communities (PLC) in schools and the 
cooperation between researchers and teachers in programmes of research, innovation 
and professional development (PD). We present findings from a comparative analysis of 
case studies which provide insights on strategies for effective researcher-teacher 
cooperation promoting the implementation of research-based science teaching and on 
teachers’ perceptions on this regard. The case studies are based on participatory 
researcher-teacher collaborations in Italian schools over the period of one year in 
contexts as diverse as low and high income areas, small provinces and large cities in 
southern and northern Italy. Our findings support the growing consensus (see Stoll et 
al., 2006 for a recent review) that developing professional learning communities 
promotes change in teaching by supporting reflective practice and professional 
development. They suggest that teachers can largely benefit from increased 
opportunities of sharing their experiences and reflections in a group that works together 
identifying common issues and strategies. Issues which are recognized as shared by the 
group are more effectively addressed because self‐confidence and motivation are 
strengthened. This also enhances teachers’ attitude towards a perturbation to the 
ordinary work such as the one related to the interaction with the researcher. Moreover, a 
group of teachers who are able to establish common interests, needs, objectives are 
more likely to play an active role in creating or selecting targeted opportunities of 
professional development both in terms of structure and content. Such a bottom‐up 
approach to the definition of specific professional development paths for different 
groups of teachers seems indeed promising in addressing the lack of coherence and 
systematicity which research identifies as one of the main issues in traditional 
professional development programmes (see e.g. Villegas‐Reims, 2003; Guskey, 2002). 

 

Keywords: professional development, communities of practice, teachers, research-based 
teaching, policies 

 

 

 

Strand 14 In-service science teacher education, continued professional development

2599



INTRODUCTION 

Two key elements in promoting research-based science teaching in schools are the 
development of professional learning communities (PLC) in schools and the 
cooperation between researchers and teachers in programmes of research, innovation 
and professional development (PD). We carried out eight 1-year-long programmes of 
cooperation with science teachers in a variety of contexts. The programmes were part of 
a larger EU funded research project called TRACES (Transformative research activities. 
Cultural difference and Education in Science, www.traces-project.eu) also involving 
Spain, Israel, Argentina, Brazil and Colombia, where similar actions were implemented. 
The design of the cooperation programmes was informed by large scale national surveys 
and a cross-analysis thereof, the results of which were presented in a symposium at the 
2011 ESERA conference (Balzano et al., 2012). We present findings from a 
comparative analysis of case studies drawn up from the eight Italian programmes and 
provide insights on strategies for effective researcher-teacher cooperation promoting the 
implementation of research-based science teaching and on teachers’ perceptions on this 
regard. 

 

RESEARCH FRAMEWORK 

A growing body of research (see Huberman, 1997 for a review) and influential reports 
such as What matters most: teaching for America’s Future (NCTAF, 1996) and 
Teachers’ Matter: Attracting, Developing and Retaining Effective Teachers Education 
(OECD, 2005) have contributed in the last two decades to a new focus on the centrality 
of teachers and the crucial impact their knowledge, competence, beliefs and values have 
on effective science education. Research suggests that the establishment of PLC 
promotes research-based change in teaching and supports reflective practice and PD 
(see Stoll et al., 2006 for a recent review). In particular, PLC support long-term 
continuity, which research identifies as one of the main issues in what is referred to as 
traditional teacher PD programmes (Marcelo, 1994; Villegas-Reimers, 2003; Guskey, 
2002). Research also suggests that acknowledging the value of peer support and 
professional exchange promotes teachers’ self‐directed continuous PD (Fullan, 1992; 
Hord, 1997). Another key factor in effective teacher PD programmes and in particular 
in researcher-teacher collaborations is the approach adopted. Research suggests that 
approaches referred to as participatory or bottom-up are more likely to be effective in 
promoting a change in practice (Harlen, 2004; Guskey, 2002). In particular, as Day 
(1997) argues, more attention should be paid to issues of ownership and participation in 
order to foster “transfer of knowledge, perceived relevance and application in the 
context of use” (p. 47).  

 

METHODS 

Our findings emerge from a qualitative cross analysis of eight case studies conducted in 
eight schools in Italy. Each case study refers to a participatory researcher-teacher 
collaboration programme conducted over the period of one year across two school 
years.  
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The field programmes were conducted in a variety of contexts including low and high 
income areas, small provinces and large cities in southern and northern Italy and 
covering all school cycles. Southern and northern Italy present important differences in 
students' performance in science, as highlighted e.g. in recent PISA (2010) and TIMMS 
(2008) studies. On the whole, 94 teachers were involved in the case studies, 69 of which 
primary and 25 secondary school teachers (see Table 1 below). In some cases, a single 
programme involved both primary and secondary school teachers working in a 
comprehensive institute (institute covering grades 1-8 and sometimes kindergarten). In 
each school involved, teachers' participation was voluntary, with the only requirement 
that a significant number of teachers (at least 6) would take part. Importantly, the case 
studies involved teachers of different grade of professional (and professional 
development) experience. Also important for the aims of our research, the case studies 
involved both groups of teachers with a consolidated practice of collaboration (existing 
PLC) and groups for which this was not the case.  

 

Table 1 

Spectrum of case studies and teachers involved 

 
 

The research team included four researchers who are also the authors of this paper. 
Three researchers were involved in conducting the field programmes and collecting the 
data. Each programme involved two researchers. This allowed for one of the researchers 
to carry out observations and drawing up field notes while the other was involved in 
conducting the activities. Roles of conductor and observer were exchanged over the 
course of each programme. Field notes also originated from discussion between the two 
researchers following each session. Each of the three researchers would be involved 
with both the other two researchers in two or three case studies. We believe that this 
contributed to minimize possible biases in the data collection and analysis in each case 
study. 

The intervention model implemented in each case study was based on a participatory 
approach which involved teachers making decisions about both the content and the 
structure of the programme, such as the disciplinary and pedagogical issues to address, 
the link to the planned curriculum, the use of research findings, the interaction in the 
classroom. The intervention model also implied following elements. Peer-to-peer 
interaction: each actor is considered an expert in their own field even if roles are 
different; situated content: work is based on materials produced by the workgroup; 
'authentic' process: classroom activities are a crucial component (the proposed pedagogy 
is demonstrated and validated in vivo). 
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While the content of each field programme was unique to the single case study, some 
focus discussions with common foci were conducted in different cases. These included, 
e.g., the use of textbooks, the role of language in science learning, gender related issues. 
Examples of programme content include: light and shadows; core ideas, cross-cutting 
concepts and curriculum development; teaching about movement with online sensors; 
implementation of laboratorial activities. 

In order to enhance continuity in the programme, dedicated online tools were provided 
for communication among the teachers and with the researchers during the time 
between sessions. The tools provided included forums for discussion, a file repository 
aimed at the exchange of materials, and a blog to post about the development of the 
work, activities in the classroom, emerging issues etc. 

Although each session included discussion and shared reflection on the ongoing 
programme, in all cases the last session was explicitly and exclusively devoted to this 
subject and to an evaluation of the work done. 

At the end of each programme, interviews were conducted with a restricted number of 
involved teachers and in some cases with the school principal. Also, all involved 
teachers were invited to respond to an online questionnaire. The questionnaire addressed 
personal information, personal views on relevant issues not addressed during the 
workgroup meetings and re-proposed the focus issues of the workgroup discussions in 
order to give an opportunity to all teachers who felt they hadn’t had enough space in the 
discussions to express their visions about the focus issues. 

Data collection included audio recordings of each session (both with the teachers alone 
and in the classrooms) and of the interviews, field notes, video recordings of classroom 
activities, teachers' and students' materials, responses to the online questionnaire. 

Data were analysed qualitatively according to the methodology of content analysis (see, 
e.g., Berg & Lule, 2012). The main data source were the transcriptions of the work 
sessions and the field notes, while the other data were used as a support reference when 
necessary.  

In a first stage of the analysis, data from each single case study were analysed separately 
by a single researcher. At these stage, preliminary grounded categories were established 
inductively (Abrahamson, 1983, p. 286) according to their relevance with regards to 
both the data and the research questions. Grounding categories in the data from which 
they derive guarantees that they are also meaningful to the teachers involved in the case 
studies (Glaser & Strauss, 1967, p. 2-3). 

In a second stage of the analysis, the preliminary categories were then discussed within 
the whole research team and selected and revised in order to apply to at least three case 
studies and coding criteria were established. The revised categories and their 
formulation developed at this stage were also informed by the researchers' personal and 
scholarly experience. These included: cooperation among teachers; cooperation 
between teachers and researchers; teacher training; exploiting existing resources; 
relationship between local and central issues; long-term sustainability of programmes; 
relationship between the school and the broader society. 
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In the last stage of the analysis, data from each case study was coded according to the 
coding criteria established. In order to improve reliability, coding in each case study 
was cross checked by two researchers independently.  

Findings emerging from each case study were cross-compared within the whole 
research group to produce the final findings. 

 

RESULTS 

While based on the whole of our case study results, the findings we present here are 
focused in particular on results related to the categories of cooperation among teachers, 
cooperation between teachers and researchers, teacher training. 

Findings from our case studies very clearly point out that teachers put a high value on 
collaboration with both colleagues and external actors (researchers in this 
circumstance). This is also confirmed by results of a national survey we conducted on a 
larger scale (800+ teachers) and reported in a recent paper (Balzano et al., 2012).  

Even in the diversity of instances related to different classes and individual students and 
their personal approach to teaching, teachers often find themselves facing issues that are 
similar to those experienced by their colleagues. Mirroring a spread feeling of being 
‘left alone’ by the school system in their everyday practice, many of the teachers 
involved in our case studies refer to collaboration with colleagues as a significant source 
of inspiration and support for their work. Our findings show that teachers can largely 
benefit from increased opportunities of sharing their experiences and reflections in a 
professional learning community that works together identifying common issues and 
strategies. 

For most of the teachers, however, occasions of meaningful collaboration and exchange 
with their colleagues are limited in ordinary school practice. Often, time schedules and 
organization of work are the main obstacle. Sometimes, on the other hand, it is a 
‘culture of collaboration’ that seems missing in that teachers are not aware or used to 
make the best of the opportunities in fact at their disposal. As teachers from a primary 
school in a provincial area in northern Italy pointed out, interaction often tends to 
crystallize around tasks perceived as bureaucratic requirements such as the development 
of the school curriculum and there is in fact no real dialogue about deeper educational 
and didactic issues. 

Teachers in our case studies identified ‘meaningful’ cooperation with colleagues as a 
reflective activity aimed sharing and questioning crucial elements of their practice, such 
as a vision of education and epistemological and methodological aspects of the 
pedagogy of the disciplines. 

“That year it was interesting, because we were forced to reason a lot together. I 
remember what happened when in that experimentation we worked with that 
colleague… Sonia. Since then, I have changed my way of teaching science. It is 
completely changed. For example, I was closely dependent by the textbook and 
organized my teaching following the sequence of topics so as it was presented in the 
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textbook. With her, we worked on the idea that the human is a machine, where matter 
and energy come in, matter and energy are transformed and go out. Since then, I cannot 
more follow the textbook, because the ideas which we start from are ‘What comes in a 
human body? What goes out? How do we transform it?’. So one begins to understand 
the function of organs and the working of systems in the logic of all these 
transformations, which become interesting.” (lower secondary school teacher, southern 
Italy) 

Interestingly, in many cases, as sometimes explicitly mentioned by the teachers, the 
presence of an external expert (researcher) seemed to play the role of a catalyst 
supporting the development of potentialities which were already present in the schools 
but scarcely developed otherwise. 

“I once asked Ciro [TRACES researcher] to help me and he told me to look at the 
materials exchanged with you [another teacher in the workgroup] because it was the 
same issue you had, so he told me to look at your work and his interventions in your 
class. Many of the things [I found] resonated with my issues, so this is useful. One needs 
to get used to it.” (primary school teacher, northern Italy) 
 

Teachers pointed out that the presence of researchers resulted in a different kind of 
interaction than the one usual within the group. In some cases it represented an 
opportunity for teachers to be involved in reflection and discussion with colleagues they 
otherwise do not interact with. More generally, even within groups that shared a history 
of collaboration and exchange, teachers remarked that the presence of the researchers 
promoted reflection at a deeper level. Some teachers also referred to a different 
confidence in the insights emerging from the discussion, as if they were validated by the 
researchers. 

“The presence of the experts in the workgroup gives a different level of confidence. [...] 
For example, reporting about experiences [when experts are there] is not just any 
experience, it’s an experience that... how should I say... has been analyzed at a different 
level. Having gone a path with your [TRACES researchers’] supervision provides more 
of a guarantee on route indications [...] than just talking among us colleagues. With 
your competence you take us to another level.” (primary school teacher, northern Italy) 

Some of the elements in our model of intervention seemed to play a major role with 
regards to how the programme was perceived by the teachers and its effectiveness in 
bringing together competences and experiences from research and practice and 
developing a common language.  

In particular in the perspective of researcher-teacher professional development 
programmes as a means for promoting research-based change in practice, our case 
studies also provide some interesting insights. It emerges that what some teachers 
referred to as ‘human mediation’ plays indeed an essential role in bridging the perceived 
gap between research and practice in science education. 

“The good thing is that the academy is coming to us. University research usually 
remains inside the academy. The research work that is at the basis of the activities you 
proposed is usually inaccessible to schools. Research literature is usually too abstract 
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and complex. The fact that you are entering the classrooms completely changes the 
perspective of the interaction.” (upper secondary school teacher, southern Italy) 

For this mediation to be effective, two levels of interaction appear to be necessary. The 
level at which researchers work with teachers alone, while fundamental, seems to 
remain abstract from practice if it is not accompanied by interventions in the classroom, 
where researchers may both demonstrate implementation of aspects discussed at the 
researcher‐teacher level and support teachers in their own implementation. 

“I judge the whole experience as positive because nowadays it’s not usual to work 
together with external experts and observe them conducting classroom activities with a 
teaching approach that is completely different from ours.” (lower secondary school 
teacher, northern Italy) 

Moreover, our findings suggest that a participatory, bottom-up approach in professional 
development programmes may enable teachers to shape their own overall professional 
development path in a more relevant and coherent overall fashion. This, however, 
seemed to be related to a pre-existing habit of collaboration within the group.  

“In mathematics and science we are used to stay within ready-made situations because 
we are afraid of moving towards territories on which we don’t have a feeling of control; 
we are lacking the basis of a laboratorial approach together with a suitable disciplinary 
background.” (primary school teacher, southern Italy) 

“I need your help in designing the activities, in integrating your hints and correcting my 
mistakes. I want to question my practice sharing with the workgroup the things I do 
with my class. I want to develop my teaching practice, especially for what concerns 
mathematics and science because I am lacking a specific training. I think, as a teacher, 
it is a duty to develop my teaching practice.” (primary school teacher, southern Italy) 

For teachers for which this was not the case, sharing responsibility for the development 
of the programme with the researchers and identifying common needs and interests 
seemed to be much more complicated. In the case study conducted with primary and 
lower secondary school teachers in an urban context in Northern Italy, the majority of 
involved teachers seemed to perceive the content of the programme as not relevant to 
their everyday practice. While the main issue to be addressed in the project’s activities 
was actually suggested by the teachers, in the actual development of the common work 
all subjects selected originated from researchers’ proposals and – with hindsight – we 
are led to believe that the agreement on this proposal was to a large extent passive on 
the side of the teachers. 

 

DISCUSSION AND CONCULSION 

In the presented research we used a comparative case study approach to look at issues 
related to teachers’ cooperation with colleagues and with external experts – researchers 
in science education, in particular – in the framework of long-term professional 
development programmes. 
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Our interventions in eight schools of different grades in different socio-economic 
contexts were aimed in particular at studying how a participative, bottom up approach 
to researcher-teacher cooperation would impact on teachers’ interaction dynamics and 
promote research-based innovation in practice. 

Our findings support existing research on professional learning communities and 
teachers’ professional development and provide new insights into the way the two 
issues interrelate and what role an external expert might play in promoting them. 

Our case studies suggest that teachers can largely benefit from cooperation with 
colleagues and with external experts and that they are generally deeply aware of the 
opportunities implied in the process. They way collaboration is intended, however, 
seems crucial. It was evident from many of the groups we interacted with that a certain 
‘culture of cooperation’ is needed in order for collegial moments to be exploited 
meaningfully. Teachers in our case studies notably pointed out that policies do not seem 
to promote such a culture. Opportunities for working together, for example conducting 
activities in the classroom or exchanging roles of conductor and observer, and for 
meetings in the broader group are limited and scarcely acknowledged. Also, 
institutional pre- and in- service training programmes usually do not include cooperative 
work activities. 

Significantly, the interaction with an external expert seems to catalyze meaningful 
cooperation when the approach adopted is participatory. In this case, teachers develop a 
sense of ownership of the programme and are more likely to shape content and structure 
according to their needs and interests and to make the best of the expert’s contribution. 
This, in turn, may represent a promising strategy to address the lack of coherence and 
systematicity which research identifies as one of the main issues in traditional 
professional development programmes (see e.g. Villegas-Reims, 2003; Guskey, 2002) 
 
If we assume that science teaching should develop towards a more research-based 
practice (Osborne & Dillon, 2010), our findings point at professional learning 
communities and participatory researcher-teacher professional development 
programmes as effective means to this end. 

Change is a challenging process that implies questioning consolidated practice and 
engaging in trial of novel action and facing the possibility of failure. Cooperating with 
colleagues in a professional learning community supports this process in that it creates a 
sense of belonging to a group with common objectives and issues. It strengthens 
teachers’ motivation and confidence and promotes self-directed, and therefore more 
coherent, professional development. 

While programmes like those developed in the framework of our research are very 
expensive in terms of human and financial resources and not sustainable without the 
kind of funding we received from the European Commission, we believe that strategies 
can be developed to make the best of existing resources to promote interaction between 
school and external experts (including researchers, practitioners from informal providers 
of education, industry and other public or private enterprises). 

In order to effectively impact practice, cooperation should not be limited to lecturing 
and training at the teachers-researchers level but include shared work in the classes, 
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where concrete issues can be addressed and relevance of the experimented approach 
demonstrated. 

Our research suggests that policies should better acknowledge and incentive teachers’ 
cooperation with colleagues and external experts and recognize these as an integral part 
of teachers’ practice. This implies, e.g., including this kind of activities in teachers’ pre- 
and in-service training programmes. 

 

NOTE 

The research leading to these results has received funding from the European Union's 
Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 244898. 
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Abstract: International surveys on Science Education (TIMSS and PISA) have 
indicated a low  level of  science performance of  the Italian students, with an evident  
decrease during the  lower secondary school and especially low results in the regions 
of the South of Italy. Focusing on this target in 2009 the Italian Ministry of Education 
launched within the PON (National Operational Program), funded by the European 
Community, an innovative science training project: the PON Educazione Scientifica. 
In three years more than 800 science teachers have been involved. The program 
developed a ‘blended’ model, characterized by in-presence training courses and 
online activities. A group of experts and authors outlined a corpus of 60 teaching 
proposals, moreover they created innovative resources that foster a productive 
integration of teaching and learning “tools” and “languages”: from pencil to 
microscope, from test-tubes to IWBs, from observation to videos creation, from ruler 
to calculation software, in a dynamic synergy created by old and new technologies, 
old and new languages. 
The approach, the organization of contents and the training plan represent a new 
model for science teachers training in Italy. The first results show a large teachers 
satisfaction coupled with an improved interest to new approaches in science 
education. 
Keywords: teachers training, science education, blended model, national 
curriculum, lower secondary school.  
 

INTRODUCTION 
The OCSE-PISA comparative survey carried out in 2000, 2003, 2006 and 2009, 
highlighted that many Italian 15-year-old students lack the basic competences and 
skills required not only in school life, but also in society  

The results are based on average data (OECD PISA 2007, 2010, 2013), but the 
National Analysis stressed the profound differences between Northern and Southern 
Italy and between different types of schools (INVALSI 2008, 2010). The data are 
alarming, particularly as regards the Southern Italian regions and the TIMMS data 
(2007) showed a possible responsibility of  lower secondary school (11-14 age 
group), where students usually decide what type of upper secondary school (15-19 
age group) they will attend. If we consider both the National group for the relevance 
of Scientific Culture Documents (2007) and the European analyses (Rocard Report, 
2007), we cannot ignore the way Sciences are taught at school in Italy.  
In the Italian lower secondary school, we find the following situation: 
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• 2 hours of Sciences a week; 
• a large number of topics covered; 

• unequipped classrooms (no scientific instruments, no IWBs, no computers); 
• no science labs, or where available, they are not used at all or very little;  

• no lab assistants. 
The result of these practices is a transmission modal of teaching, textbook based with 
little use of hands-on methods. 
 

RATIONALE  
As early as 2006, the Ministry reacted to these results by launching a specific plan for 
Science teacher training, the ISS - Insegnare Scienze Sperimentali (Teaching 
Experimental Sciences) - Plan, a training/ action-research project which was meant to 
systematically initiate hands-on teaching at all school levels. In 2008 the National 
Operational Programme 2007-2013 “Competencies for Development”, co-funded by 
the European Social Fund (ESF) and administered by the Italian Ministry of 
Education, funded a Professional Development Project specially for lower secondary 
school Science teachers.  
INDIRE [1] was commissioned by the Ministry to design a professional development 
plan for lower secondary school Science teachers [2], aimed at putting into practice an 
effective Science teaching method in line with national and international educational 
research. 
INDIRE introduced two types of actions: 

1. together with a group of experts, it carried out an in-depth analysis of the Science 
curriculum, which led to the development of a complete and innovative content 
plan covering all the subjects and activities corresponding to the lower Secondary 
School level. 

2. it developed a new teacher training model that combine the need of change in 
science teaching/learning with that of bringing about a transformation on a 
national level. The result was a ‘blended’ teacher training model which 
completely integrates face-to-face teaching with online teaching. 

 
AIMS AND TOOLS  
The primary aim of the project is to introduce changes that can improve science 
teaching practices rather than to update the contents of the school subjects (though 
presumed essential). 
The PON Educazione Scientifica project proposes a hands-on approach based on 
investigation, not just theory. It proposes innovative practices organized according to 
different contents, methodologies, tools and levels of competence. 

Unlike other proposals, the “innovative" approach of the project engages the teacher 
together with the class: the course includes an experimental phase in the classroom 
forming part of the professional development programme.  
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The change, and hopefully the breakthrough in educational practice, takes place 
through practical actions, as well as through reflection on the conditions and effects of 
such actions. 
In this virtuous circle the first actor involved in the activity (the teacher-participant) 
carries along with him/her others as subjects of the research study: the students, as 
well as the tutor, the colleagues at school, the experts, the territory (the socio-
economic-environmental context in which the school is located). 

The content plan 
 A group of experts and authors outlined a corpus of teaching proposals, which though 
far from the idea of an encyclopaedia, re-organized all the best practices produced till 
then through research and teaching experience. 
The Steering Committee, made up of members of teachers associations, university 
researchers and science researchers, selected innovative practices, developed both 
within the Piano ISS - Insegnare Scienze Sperimentali and within innovatory schools, 
with the idea that the plan should present various approaches to hands-on teaching. 
The resulting materials provide a tool, which both updates contents of the subjects 
and reconsiders learning methods. This inevitably leads to an analysis of the subject 
being taught and of the science curriculum.  
Another important feature is the fact that reinforcing hands-on practices fosters a 
productive integration of teaching and learning “tools” and “languages”: from pencil 
to microscope, from test-tubes to IWBs, from observation to creating a video, from 
ruler to calculation software, in a dynamic synergy created by old and new 
technologies, old and new languages and by a sight through different eyes. 

The strength of the plan is, therefore, the integration and productive use of effective 
teaching methods, of interconnected and open knowledge and of all types of 
technologies. 
The plan was conceived with the idea of providing structured or semi-structured 
examples of hands-on teaching activities to be carried out in class. Each proposal also 
intended to encourage reflection on the aspects dealing with the didactic planning and 
organization of activities, included ongoing and final assessment. They include theory 
resources useful for teachers to further/update their knowledge about the subject. The 
contents – some of which are included on a Teacher resources website [3] – today 
amount to about 50 teaching activities, 25 theory resources and 50 sets of assessment 
tests which have been tested over two years of training (school years 2009-10 and 
2010-11). They offer ideas that can be adapted to different contexts for a science 
education that: 
• is largely hands-on without the need of sophisticated equipment; 

• avoids an encyclopaedic approach and proposes a choice of topics; 
• encourages reflection both on past research methods (History of Science) and on 

how science can contribute to plan the future (Education for Sustainable 
Development), thus highlighting the  complex and realistic aspects of science; 

• integrates scientific competences with linguistic and mathematical competences; 
• simultaneously develops 'citizenship' competences, and competences required in 

group collaboration, independent thinking and creative problem-solving. 
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The topics  

In choosing the topics, the content plan takes into consideration the Italian guidelines 
for the School Curriculum (2012), the European recommendations for Key 
Competences in Science Education (2006), the already mentioned results of 
International Science Assessment Studies, and the suggestions resulting from 
National and International Education Research, as from the Nuffield Report (Osborne 
and Dillon, 2008). 
The contents have been reorganized in fairly broad 'topic’ core units which contain 
most of the topics that science teachers usually cover in the three year period (11-14 
age group). The four 'topic core units' are: 

1. Understanding the environment  
2. The Earth and the Universe  

3. Transformations  
4. Energy and its transformations. 

All the 'topic core units' aim at gradually rendering the students able “to master some 
concept organizers that can be recognized in every significant scientific context: the 
space-time dimensions and the material dimensions; the distinction between states 
(how things are) and transformations (how things change); the interactions, 
relationships, correlations between system parts and/or variable properties; the 
discrimination between coincidence and causality…” (Italian National Guidelines for 
the Curriculum, 2012). 

Apart from these 'topic core units', three ‘transversal’ core units have been proposed: 
5. History of Science 

6. Education for Sustainability 
7. Scientific Competencies Evaluation 

These transversal core units are intended "to guide students to appreciate, on the basis 
of both their own cognitive development experience and some suitable examples, the 
significant similarities and differences in the historical evolution of such diverse and 
yet interdependent disciplines”, help them to understand “the role of the human 
community in the system, the finite nature of resources as well as the inequality in 
accessing them” and to adopt “a responsible approach towards the use of resources” 
(Italian National Guidelines for the Curriculum, 2012). In addition, these units are 
strategic for a methodological approach which supports the overcoming of a strictly 
disciplinary teaching (and learning).  

The educational design 
The core units were conceived as containers of learning activities aimed at developing 
knowledge and particular competencies.  
Each ‘core unit' is structured as follows: 

1. A video presentation 
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2. Theory resources 
3. Learning activities 

4. Assessment tests related to learning activities 
5. Video Labs  

6. Online resources 
The theory resources are organized around core ideas and their goal is to update or 
further the teachers' knowledge of teaching methods in a way that is functional to the 
proposals in the learning activities. The learning activities are the activities proposed 
to the teachers during the training, and are linked to one or more topic core units and 
can be tested in class after re-adaptation. The learning activities also have their 
corresponding competence assessment tests, with questions purposely prepared using 
the PISA and/or the TIMSS models. The last resource, the Video Lab, are videos in 
which the expert proposes workshops on the history of science. 
	  

METHODS	  
The training programme consists of 100 hours, 70 hours to be carried out on a 
dedicated online platform and 30 hours face-to-face (for the most part in science labs) 
in reference schools in the area selected by the regional school offices. The class 
groups of about 15 people, that meet both face-to-face and online, are coordinated by 
a tutor selected and trained by INDIRE. The course follows the school year and is 
offered as in service teacher training. The tutor is a central figure throughout the 
whole process and is obliged to follow a long training phase (about 3 months of 
blended training) where the teaching contents, the technological and methodological 
aspects are expanded upon. The tutor is guided by an expert through the whole 
course. The characteristic feature of the programme is its peer collaboration 
dimension, both in the content research phase and in the phase dedicated to reflection 
on the experience. An expert use of technology facilitates the course and effectively 
favours the creation of communities of practice. 

The course, which takes inspiration from the research-action cycle, follows four 
phases for which goals, activities, face-to-face meetings, tools and documents to 
produce, are assigned. 

Phase I – Analysis and self-analysis 
Under the tutor’s guidance, the course participants together analyse the materials, 
compare their own knowledge and experience with that of the other participants and 
with the new didactic proposals. In this phase the participants identify their training 
needs. 

Phase II – Peer testing, choice and planning 
Depending on the training needs, the tutor together with the participants choose the 
activities and topics to analyse and test with their colleagues in the school lab. The 
participants will therefore be able to choose the activities (or part of them) to adapt to 
their contexts in view of the class experimentation with their students. The resulting 
project, even though personal, will be the product of a shared study itinerary. 

Phase III - Class experimentation 
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The chosen learning activities will be carried out in class with the students during the 
same school year.  The participants will have the continual support of the tutor even 
during this phase and they can share their classroom experience and any teaching 
problems that might arise with their colleagues. The participants share the problems 
they encounter during the experimentation in groups and subgroups. At the end of the 
phase evaluation tests on the single activities are carried out. 

Phase IV – Feedback 
The experimentation results are analysed and a shared self-assessment on the acquired 
professional competences is conducted. On the basis of this assessment, the 
participants will be able to plan how to continue the work with their class. 

Apart from the colleagues’ and tutor’s contributions, participants can also resort to 
advice from the authors of the materials by booking a videoconference session or in 
moderated forums where didactic innovations, strategies, contents and personal 
experience are discussed. 

 

PRELIMINARY RESULTS AND CONCLUSION  
The combination of a face-to-face course within the school territory with an online 
course on a national level produces an outcomes enhancement effect: 
1. Continuity of the programme between one meeting and the next: the sharing and 

communication tools (forum, chat, videoconference, archives) allow online 
continuation of the work started face-to-face 

2. By doing the individual study part online, the face-to-face part can be focused on 
hands-on activities, on resolving doubts and on in-depth analysis 

3. Enhanced communication: synchronous (videoconferences, chat rooms) or 
asynchronous tools (forums, blogs, wikis) allow anyone, at any moment, to 
participate 

4. Enhanced sharing:  sharing and documentation of the process can be organized by 
using the platform’s archives 

5. Monitoring of results and selection of best practices 

6. Entrenchment in the local school system thanks to the fact that tutor and course 
participants all come from the same area  

7. Personalized programmes and time management 
8. Training both on the use of technology and on the school subject 

9. Development of communities of practice 
These online and face-to-face dynamics can support opportunities for communities of 
practice, which, if established within the schools and the territory, can foster 
processes for cultural change and innovation. 
 

NOTES 
 [1] INDIRE (Istituto Nazionale di Documentazione, Innovazione e Ricerca 
Educativa, National Institution for Documentation, Innovation and Educational 
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Research) has been accompanying the development of the Italian school system since 
its setting-up. It invests in training and innovation and fosters school improvement 
processes. The Institution forms part of the national evaluation system in matters of 
education and training. The Institute has a long experience in the use of new 
technologies for teacher training and it is a reference point for educational research. 
[2] The project is aimed to the teachers of the four Italian regions falling under the 
Convergence objective (Campania, Calabria, Puglia and Sicilia). The regions falling 
under the Convergence objective are those regions with a GDP per head of less than 
75% of the EU average and are the same with low Science results both in TIMSS and 
in PISA. 

[3]http://risorsedocentipon.indire.it/offerta_formativa/d/index.php?action=home&id_a
mbiente=50&area_t=d    
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Abstract: We report here part of a research project developed by the Science Education 

Research Group titled: "Pedagogical Practices of Teachers and formative processes in 

Science and Mathematics Teaching," which main goal is the development of 

coordinated research that would generate a set of subsidies for a reflection on the 

processes of teacher training in Sciences and Mathematics teaching. The objective was 

to develop continuing education activities with Physics teachers, using the History and 

Philosophy of Science as conductors of the discussions and focus of teaching 

experiments carried out by them in the classroom. From data collected through a survey 

among local Science, Physics, Chemistry, Biology and Mathematics teachers in a São 

Paulo State city, we developed a continuing education proposal titled “The History and 

Philosophy of Science in the Physics teachers’ pedagogical practice”, lasting 40 hours 

of lessons. We followed the performance of five teachers who participated in activities 

during the 2008 first semester and were teaching Physics at High School. They designed 

proposals for short courses, taking into consideration aspects of History and Philosophy 

of Science and students’ alternative conceptions. Short courses were applied in real 

classrooms situations and accompanied by reflection meetings. This is a qualitative 

research, and treatment of data collected were based on content analysis, according to 

Bardin (1994). In this paper we discuss the proposals and perceptions of two of the 

participants. 

Keywords: Physics teaching; History of Science; Philosophy of Science; In-service 

teachers’ education. 

 

INTRODUCTION  

When we discusses the gap between innovative proposals,  results of investigations in  

Science Education, and the concrete actions undertaken in the classroom, a question 

arises: why the impact of the research is not felt to improve the quality of education in 

schools?  

One of the possible ways to try to answer this question brings us back to teacher 

training. The initial and continuing education programs have not, in most cases, 

achieved significant progress, mainly by disregarding the fact that teachers have 

preconceptions about what is important to teach, how to do it, what causes the failure of 

students etc. (Levy and  Sanmarti, 2001).  

Many studies (Gil perez, 1991; Hasweh, 1996; Mellado, 1996; Hewson et. al., 1999; 

Levy and Sanmarti, 2001, Gatti, 2005; Gatti, Silva and Nardi, 2010 among others) have 

shown the existence and persistence of traditional conceptions that teachers have on 
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science and on the processes of teaching and learning, and discuss their influence on 

teaching practice.  

Other problems and difficulties have also been implicated in the training courses for 

teachers, for example, the dissociation between training in science content and nature of 

those teaching, revealing that the training is limited in most cases, to the sum of 

Educational and Scientific contents, completely unrelated.  

Moreover, the separation between researchers who propose innovative projects and 

teachers, as mere consumers, should modify their performance by adapting to the 

proposals.  

The transition to a practice consistent with new paradigms requires a discussion of the 

processes of teaching and learning (Levitt, 2001), because the traditional model, as a 

paradigmatic system of concepts and beliefs, behaviors and attitudes, has a certain 

consistency and provides answers to most educational problems (Furio, 1994). 

Marcelo Garcia (1999) revels that we can not expect that the initial teachers’ education 

offer a final product, but it should be understood as a first step of extend formation. In 

this sense it is imperative for teachers to engage in continuous process of formation. 

Thus, we performed continuous training activities with in-service physics teachers, 

approaching the History and Philosophy of Science as strands of discussions and focus 

of student experiments conducted by them in the classroom, allowing teachers seeking 

to build alternative ways to observe and understand the work of students, placing them 

as producers of knowledge rather than mere consumers.  

The research was conducted during the 2008 school year and sought to understand 

whether a teaching experience focused on the integration of History and Philosophy of 

Science to the teaching, taking into account the views, experiences and beliefs of in-

service teachers could contribute to the acceptance of new teaching methodologies.  

 

THE RESEARCH 

 From the results of a survey on the profile of Science, Physics, Chemistry, Biology and 

Mathematics teachers from a region of São Paulo, Brazil, we elaborated a proposal of 

in-service teachers’ education course titled "History and Philosophy of Science in the 

teaching practice of Physics´ Teachers”, lasting 40 classroom hours.  

We follow the performance of five teachers who attended the course during the first 

semester of 2008 and who were working Physics in local high school. Only two of them 

had graduation in Physics.  

From the considerations made, teachers developed proposals of short courses, taking 

into consideration aspects from History and Philosophy of Science in education, in 

addition to students' alternative conceptions. The courses were developed by them in 

real classroom and followed by meetings of reflection. This is a qualitative research and 

the treatment of data obtained in this process was based on analysis of content, 

according to Bardin (1994).  

The initial survey not only revealed the profile of the teachers, but also tried to 

investigate among the participants, how the university could collaborate with their 

training and their teaching practice. The necessity of providing courses was mentioned 

by eleven of twenty-two teachers. Some examples: 
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Offering training courses and support in the classroom. 

With partnerships in continuing education, offering workshops to show the 

researches that the program has been developing. 

With free courses were offered at times that we could attend and give 

certificates to our functional outcome. 

 

Based on information obtained from questionnaires, we contacted the teachers by e-

mail, sending an invitation to attend the course. We also contacted all the secondary 

schools of the city via e-mail, telephone, and in some cases personally in order to 

publicize the course that was developed in accordance with the following syllabus: 

 

1. The theories of teaching and learning of physics: a constructivist approach to 

teaching. 

2. Philosophy, History of Science and Physics Education. 

3. Recent research on the teaching of physics. 

4. Teacher and his professionalism. 

5. Preparation of educational activities. 

The training model suggested for the course has, according to Bell (1991, apud Marcelo 

Garcia, 1999) the following advantages: 

1. It can increase knowledge; 

2. Improve skills; 

3. Provide moments for reflection on professional practice, among others. 

It’s important to say that our proposed training was not about developing a tight, overly 

theoretical and without any concern for practical applications.  

The course was considered only as a starting point and classroom activities were 

complemented by practical activities developed in real situations in high school. 

Of the twenty-two teachers interviewed, only seven did enrolled in the course, however, 

only five attended all activities carried during the first semester of 2008.  

To preserve the participant’s identities we adopted fictitious names. 

In this study we highlight the proposals developed by two of the teachers, looking for 

some results, and discuss the potential of this research process. 

 

PROPOSALS FOR SHORT COURSES, IMPRESSIONS AND 

REFLECTIONS ON THE RESULTS OF APPLICATION IN HIGH 

SCHOOL CLASSROOM 

We present here the analysis of mini-courses designed by two of the teachers 

participants. The proposals should incorporate the discussions held during 

the course, such as the approximation of History and Philosophy of Science in Science 

Education, Science, the relations of Technology, Society and Environment, in addition 

to students' alternative conceptions about the chosen topic. 

Initially we present here a synthesis of the participants' lesson plans, including a 

discussion of the proposal suggested by the teacher and what she really developed, its 
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justifications and prints displayed on the mini-workshop for presentation and discussion 

of the outcomes of the experiment developed. 

1. Tatiana’s short course: 

This teacher incorporated in her planning some of the 

innovations discussed during the course of instruction. The common 

threads of concern were students´ alternative conceptions, with the approach 

of History and Philosophy of Science and the relations between Science, Technology, 

Society and Environment. Table 1 seeks to synthesize the ideas suggested by this 

teacher. 

Table 1 

Summary of the mini-course plan suggested by the teacher Tatiana. 

Tatiana 

First year of high school 

NEWTON'S LAWS 

Classes Contents Activity Developed Goals 
Evaluatio

n 

C
la

s
s
e
s

 1
 a

n
d

 2
 

 

Questionnaire to colle

ct students' 

conceptions. 

Assess students' 

alternative 

conceptions on the 

subject. 
 

Individual 
questions. 

1) The Aristotelian universe; 

2) physics in the Middle 

Ages -

 Philophonos and Buridan. 

3) The Physics of Galileo. 

4) Kepler's ellipses. 

5) Difficulties in the 

development of a scientific 

model to explain the terrestrial 

and celestial phenomena. 
 

Expositive class with 

discussion of concepts 

from the use of a text 

produced by the 

teacher, using 

the overhead projector. 
 

Raising awareness 

about the issue. 

 

Demonstrate the 

evolution of concepts

. 

 

 

C
la

s
s
e
s

 3
 a

n
d

 4
 

 

6) The Newtonian synthesis. 

 

7) The influence of the 

work of other thinkers. 

 

8) Newton's laws. 

 

9) Science, Technology, 

Society and Environment: 

 

Artificial satellites. 

Seat belts (inertia). 
 

Expositive class using 

the projector. 

 

Discussion in 

groups on the question of 

why bodies fall on the 

surface of the Earth but 

the Moon, 

even being attracted by 

the gravitational 

pull, holds Earth orbit. 

 

Definition of Newton's 

Laws. 

 

Prepare the student for it 

to properly 

apply the equations of 

the fundamental laws in 

solving problems. 

 

Discuss the students' 

conceptions, seeking an 

evolution. 

 

 

Check the conceptual 

evolution. 
 

Individual 

questions. 
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The short course began with the teacher's explanation of students' alternative 

conceptions on the subject of gravitational attraction. The questionnaire contains 

questions used in the literature. In hers presentation, after the implementation of the 

proposal, Tatiana reveals: 

In that exercise we did in the middle of the course, asking students to answer 

questions about force and motion, I had been impressed with 

the answers [...] Here was no different. What makes us frustrated  is that 

I really wanted to eliminate the conceptions to which they learned the science. 

The teacher's speech should be contextualized. The theme was chosen because she had 

already worked it during the first two months with the freshmen high school 

students. Her choice for Newton's laws was motivated by the texts worked on during the 

course. 

Thus, the application of the developed proposal represented a kind of reinforcement of 

the theme. Contrary to her expectations, many initial conceptions were still present in 

the reports of students. 

Regarding the approximation of the History of Science to education,  her planning was 

developed in order to demonstrate the evolution of concepts, in addition to showing 

students historically developed concepts similar to the views held by them and it arouse 

interest for the subject. 

The question of philosophy was worked by her, trying to focus the question of models 

and the construction of knowledge. 

I thought it was a win for them since I could argue that science is under 

construction. Many students were surprised because to them 

the science deals with truths that will never change. 

Not all planned activities could be completed. For lack of time available,  the last part 

planned by her, in order to discuss issues related to Science, Technology, Society and 

Environment, could not be addressed. 

That was due to the fact that the teacher needed to give continuity in the teaching of the 

aspects presents in the official “notebook” (Curriculum of São Paulo State). 

Nevertheless, the initial part of the planning was respected. The keynote of the work of 

teaching was based on participatory lectures, with the inclusion of a  group discussion 

activity. 

The assessment of student learning took into account the results from questionnaires on 

alternative conceptions as well as participation in discussions and resolution of 

individual exercises in the last class. 

Tatiana says that: 

[...] In my practice I evaluate students at various times. So I note the student is 

not only the written test, but also participation in all classes in various 

activities. Wherever possible I try to see if they´re evolving.  

When asked during the final seminar on the possibility to incorporating innovations in 

everyday life, she suggests that it is difficult for a in-service teacher to prepare and 

implement the lessons as they were developed during the course.  

[...] I still can not get in my practice, redesign my work in order to discuss 

these issues in every class. We have to follow the proposal because we are 
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charged all the time and work to historical and philosophical issues we end up 

taking longer.  

At the end of her presentation, when asked about possible contributions of the 

experience developed for her training and practice, and whether she might continue to 

use the innovations discussed during the course, Tatiana revels: 

Yes. Although it has not succeeded in putting into practice some of what was 

discussed, I have reconsidered and reflected a lot about a new approach of 

content emphasizing the historical and philosophical. I enjoyed learning about 

the concepts. Does matter to use the “notebook” (Curriculum  of São Paulo 

State) knowing what is behind.  

 

2. Denise’s´ short course: 
 
The proposed mini-course covers the topic "The Structure, Properties and 

Transformations of Matter."  Denise developed her planning from the historical 

development of the theme as a way to introduce the discussion presented by the 

Curriculum of Sao Paulo State in the discipline of Chemistry1.  

Table 2 seeks to synthesize the ideas suggested by this teacher. 

The lessons planned by this teacher were developed in four weeks, the first two, being 

devoted to the study of the historical development of the theme from texts written by 

her. The last part of the planning involved rolling the Curriculum of  São Paulo State. 

 

 

Table 2 

Summary of planning short course suggested by the teacher Denise. 

Denise 

Second year of High School  

STRUCTURE, PROPERTIES AND TRANSFORMATION OF MATTER 

Classes Contents Activity Developed Goals Evaluation 

 

C
la

s
s
e
s
 1

 a
n

d
 2

 

 

Ancient History: The 

beginnings of Chemistry. 

 Empedocles, 

Aristotle, Democritus  

and Leucippus. 

Reading 

and discussion 

of text prepared by 

the teacher. 

Raising awareness 

about the issue. 

Demonstrate the 

evolution of concepts. 

Student’s 

participation. 

                                                 
1
 Despite being a High School Physics teacher, Denise chose to develop her short course from the 

viewpoint of Chemistry, her initial training. 
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C
la

s
s
e
s
  

3
 a

n
d

 4
 

 

3) Alchemy. 

 

4) The Scientific 

Revolution: Paracelsus and S

tahl. 

 

5) The theory of Phlogiston. 

 

6) Lavoisier and the Modern 

Era. 
 

 

Reading 

and discussion 

of text prepared by 

the teacher. 

 

Demonstrate the 

evolution of concepts. 

 

Discuss the 

construction of 

scientific knowledge. 
 

Student’s 

participation. 

 

C
la

s
s
e
s

 5
 a

n
d

 6
 

 

7) Atomic 

models: Dalton, Thomson, 

Rutherford, Bohr. 

Reading 

and discussion of the 

text of the 

curriculum of the 

State of São Paulo. 

Demonstrate the 

evolution of concepts. 

 

Discuss the 

construction of 

scientific knowledge. 
 

Student’s 

participation. 

 

C
la

s
s
e
s
 7

 a
n

d
 8

 

 

8) Continued from the 

previous class. 

Reading 

and discussion of the 

text of the 

curriculum of the 

State of São Paulo. 

Demonstrate the 

evolution of concepts. 

 

Discuss the 

construction of 

scientific knowledge. 
 

Problem 

solving. 

 
 

Due to the limited time available and the schedule of activities suggested by the 

notebook, the classes were eventually condensed into two weeks.  

I could not do as I had planned because of  the notebook (Curriculum of  São 

Paulo State) at school for the fulfillment of the chapters of the book is 

great. [...] [...] I had little time to deal with the historical part because it takes, 

you need to read, right? [...] I wish they could understand the evolution of 

science.  

Her proposal did not include a survey of students' conceptions and the relations between 

Science, Technology, Society and Environment. The evaluation was performed in a 

single moment, the end of the sequence through a list of exercises. 

Nevertheless, this teacher sought to incorporate the issues discussed during the course, 

such as the construction of scientific knowledge and the History of Science and 

indicates her intention to include them in their teaching practice.  

They liked the historical part that I prepared. I tried to emphasize the 

construction, the dynamic motion of Science. Despite the short time available I 

intend to try to incorporate historic aspects of Science whenever possible in my 

classes.  

At the end of his presentation, when asked about possible contributions of experience 

developed for their training and practice, and whether she would to continue using the 

innovations discussed during the course, Denise reveals:  

Brought a greater awareness about the problem of presenting the content 

ready and finished as in the books and / or educational purposes. There should 
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be a reflection on the practice of how to present content, always seeking 

greater accuracy of their scientific basis. Nowadays, people in 

general, especially young people and even the educators, 

assimilate the knowledge ready. We use and consume the 

various technologies even without knowing the operating principles and 

scientific knowledge to incorporate these 

technologies. Much history is without being told, known 

and understood! Also, I have reflected more about my practice, trying to 

identify ways to facilitate students' learning. 

 

SOME CONCLUSIONS 

The training model suggested by the use of this course, proved to be important in 

contributing to increase knowledge of participants and provide moments of reflection on 

professional practice.  The training course was only a starting point and classroom 

activities were complemented by practical activities developed in real situations in high 

school.  

Some aspects deserve attention:  

1) The course was the first contact of all participants with the Philosophy of Science.  

2) The discussions provoked concerns thoughts about the teaching and learning of 

science, since the traditional presentation of content as truths accumulated historically 

were questioned.  

3) The activities, seeking to emphasize the role of investigative teaching activities, such 

as the survey conducted by students' conceptions, with the subsequent group reflection 

of the results, contributed to questioning the traditional view of teaching and 

learning, where the teacher transmits knowledge that are “embodied” by the students.  

4) Despite the good results obtained and the active participation of teachers in the 

process, the chances of a permanent teaching practice approach to search results studied 

are still limited by the conditions found in the school, such as excessive workload, 

overcrowded classes, pressure for full implementation of the curriculum, among others.  

The seminars to discuss the final results of the proposal development in real situations 

in high school allowed an exchange of experiences among teachers, establishing an 

open dialogue, where participants were able to reveal the difficulties in doing the 

experiment.  

Although we consider that the selected activities were appropriate and well developed, 

this does not guarantee permanent changes in the teaching activities of those 

participants.  

Although the teachers have pointed out the importance of the elements discussed during 

the course for the teaching of science and the intention of using the innovations 

discussed below, we have no evidence to indicate what are the repercussions of 

experience developed for the teaching afterwards, in their professional practice.  

The training of teachers committed to the construction of scientific knowledge 

represents a great challenge, since, continuing education requires a constant effort on 

the reflection and improvement of teaching practice. 

This leads us to recognize the importance of collaborative work between universities 

and schools of basic education and a vision of the teacher, not as a coach who apply in 

their daily practice the theories provided in training courses, but as a professional that 
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develops his knowledge from the practice of confrontation with the conditions of the 

profession (TARDIF, LESSARD, LAHAYE, 1991, apud GUARNIERI, 2005). 
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Abstract:  Inquiry Based Science Education (IBSE) as a “container” for many good 

things of modern science teaching requires in-depth explanations and guidance to 

make it feasible as an attractive teaching methodology for pre-service and in-service 

teachers.  Conscious of the necessity of raising the interest of pupils for science, there 

is a need to enthuse and stimulate teachers and teacher educators (often academics) at 

second and third level, to make the development and implementation of new teaching 

strategies relevant.  Mere presentation of better practice is not sufficient to implement 

or sustain the introduction of this teaching methodology.  The example presented in 

this paper, according to the ESTABLISH project, includes pre-service teachers, in-

service teachers and academics in a long-term project. The results are very promising, 

showing an increase of collaborative elements among the university students as well 

as the science teachers of the partner school. 

 

Keywords: Collaborative Learning, Inquiry-based teaching, Teacher Professional 

Development  

 

BACKGROUND, FRAMEWORK AND PURPOSE 

Inquiry based teaching methodologies have been suggested as a way to encourage and 

engage students in science and mathematics by increasing their interest in science and 

also by stimulating teacher motivation.  However, the widespread introduction and 

implementation of such a methodology will only occur with inclusion and 

participation of all partners in education, formal and informal and at different 

educational levels.  The FP7-funded ESTABLISH project addresses this challenge 

by bringing together and involving key communities in second level science 

education to both develop teaching and learning materials and supports to m and 

supports to   Within this study this collaboration has involved the teaching staff at 

schools, science teacher educators from academic institutions, with input from the 

scientific and industrial communities, to create authentic learning environments for 
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science learning and to become engaged in drive towards inquiry-oriented classroom 

practices. 

 

These collaborative settings do not develop on their own, they have to be strategically 

planned, organized, guided and coordinated.  The involvement of early stage teachers 

into such groups to enable early adaption towards development of classroom activities 

is another promising strategy considered (Graesel et al. 2005, Author 2008).  Inquiry 

Based Science Education (IBSE), itself, is a challenge to fully understand and 

manage, as it is not only a new way of organizing science teaching, but also requires 

subject oriented teachers to broaden their horizon of teaching all science subjects, 

including questions of scientifically grounded solutions of society related problems 

 

RATIONALE 

Teacher education in Germany is in organized in three parts: 1. The academic phase 

(4-4.5 years regular time); 2. The internship (“Referendariat”) (1.5 years); 3. 

Professional development for in-service teachers (recommended but generally 

voluntarily).  Each teacher usually specialises in two discipline subjects. The 

university phase addresses content courses of both subjects, together with psychology 

and pedagogy, and subject education courses (“Didaktik”). The relation between 

subject: pedagogy/psychology : education is approximately 60:20:20, and leads to a 

270 ECTS-exam called “1. Staatsexamen”.  Most teachers, especially those of higher-

level schools (Gymnasium) see themselves more as subject experts than as educators. 

After the second phase or internship phase, teachers are usually employed in 

permanent positions as state staff (“Beamte”).  Once they have reached this status, 

there is little motivation or formal opportunities for teachers to participate in teacher 

professional development (TPD) courses.  Instead a number of ad hoc school-

university collaborations have emerged to overcome this lack of formal TPD, for 

example SINUS, Chemistry in Context (Gräsel, 2005).  The ESTABLISH project is 

focused on facilitating inquiry based science teaching methodologies and also offers 

this TPD through these school-university collaborations. 

In comparison to teacher education for second level, the education of third level 

academics tends to focus on pure theoretical exercises, due in part to the lack of 

practical experience through internships.  Most courses are theoretical and far 

removed from everyday school life.  To bridge the gap between theory and praxis our 

department organizes project-based courses.  These projects include IBSE-oriented 

teaching, being organized and evaluated by the pre-service teachers themselves. 

The project has 4 stages, which are explained by the following chapters: 

1. Survey among students on their personal acceptance of IBSE teaching. 
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We expect teacher students to be prepared for IBSE and STEM, but during their 

academic life they are limited to subject learning. How far is STEM accepted as a 

future teaching field? How far do the students feel able to teach this? 

2. Organizing a teacher team in a school. 

As mentioned above, implementation was seen as being most effective in school 

based collaborative settings. A condition is the forming of a team of teachers from 

different subjects, who are willing and able to collaborate on the development of the 

new subject as well being open to include teacher students. These teams got a special 

time in the school’s schedule and are supported by university staff and materials. 

3. Pilot project of small groups of students. 

If students are familiar working with content delivered in a prescriptive “cookbook 

style”, the change of these courses to project-oriented learning is one of the important 

monumental tasks of academic teaching. A few of these project teams developed and 

evaluated IBSE/STEM-units and tested them at schools in groups of voluntarily 

participating pupils. 

4. Implementing “STEM” as a new subject into the school curriculum. 

The implementation of new subjects has to be done by administration. In the case 

described this was enabled by school administration. All pupils of 9th grade, who do 

not chose another foreign language, are joining these courses. To help the teachers 

getting along with the organizational as well as the teaching duties, university 

students are helping in the first months in preparing the classes and guiding teams of 

pupils. 

 

METHODS 

Data were gained through questionnaires and interviews. The data on the acceptance 

of STEM were collected from 120 pre-service teachers studying to become teachers 

of either Biology, Mathematics, Physics or Chemistry. Acceptance was formed as a 

new concept, using items from self-efficacy, subject orientation, categorisation of 

teachers (Riese 2009, Abd-El-Khalick, Lederman, Bell & Schwartz 2002, Neuhaus & 

Voigt 2005). 

The data from pupils were collected from 27 participants of a volunteer course, 

focusing on engagement, relevance, comparison to regular science classes and 

collaboration. Data from in-service teachers and from the project group of pre-service 

teachers are collected by semi-structured interviews. 

 

RESULTS 

The acceptance of IBSE among the pre-service teachers in the study is wide spread. 

More than 80% of the students responded with a very or high acceptance (grade 4 or 5 
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on a 5-point Lickert scale). The teacher students could be clearly linked to 

professional types defined by Neuhaus & Voigt (2005), with a majority of the 

“pedagogic innovative type“.  However, a few students do not accept IBSE. These 

students show aspects of the “subject orientated type“, have a strong self-efficacy and 

show higher academic orientation.   

 

Figure 1.  Feedback from pre-service teachers, 3rd & 4th year, n=42 

 

Note: 1 = strongly disagree, 7= strongly agree 

 

Figure 2.  Feedback from pre-service teachers, 3rd & 4th year, n=42 

 

Note: 1 = strongly disagree, 7= strongly agree 
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The pupils participating in the first pilot course gave a positive feedback.  Most of 

them did not rate this way of teaching much higher than regular science classes, but 

highlighted the relevance of the topics addressed (renewable energy), the teamwork 

and the use for their career. As negative aspects the pupils mentioned organisational 

problems. 

From the available data the in-service teacher indicate that they feel accepted by the 

academics, they feel acknowledged by joining academic activities and being asked as 

experts.  This is encouraging as usually teachers in Germany have no opportunity to 

show their expertise, and the collaboration with university provides a facility for this. 

The data from the pre-service teachers show that they feel challenged by the new way 

of learning (Figure 1 and Figure 2). While the results showed a positive tendency 

towards this methodology a number of open questions remained on the use of the 

newly trained methods for their school career. 

 

CONCLUSIONS AND IMPLICATIONS 

The overall review of the projects enables to present a positive picture. The effect on 

pupils, on pre- and on in-service teachers could be shown to be positive, helping to 

overcome the classical obstacles and limitations. However, the challenging areas of 

this new approach are evident as well. There is still a need to form clear aims 

concerning STEM and concerning IBSE.  These concepts should not label every new 

way of science teaching, but should help forming an overarching format. By this the 

in-service teachers could be more enthusiastic in joining into projects like the one 

proposed in this paper. 
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Abstract: Shortcomings in primary school science learning are often attributed to 

deficiencies in teacher knowledge and beliefs about science and science pedagogical 

content knowledge. However, some recent research suggests that teachers’ already 

well-developed beliefs about three other, more generic domains (namely, about 

students, the purposes of science education, and the purposes of education itself) are 

also highly influential on their science teaching practice and should be more highly 

esteemed and applied in science teacher education. A key step in this direction is for 

educators to make often implicitly held beliefs explicit, thereby facilitating reflection 

and critique. This paper describes the development and trialling of a professional 

development strategy for primary teachers, based on experiences in a parallel tertiary-

based project. This strategy has been developed for use by small groups of primary 

teachers, to identify and share their beliefs (both espoused and in-action) about five 

domains: the purposes of education in general, students and their learning, the nature 

of science, the purposes of science education, and the nature of science teaching and 

learning. Future prospects include the ongoing refinement of the strategy to enhance 

individual and collective professional development.   

Keywords: teacher beliefs; professional development; primary science 

 

INTRODUCTION 

International reviews of school science teaching (e.g. Abell, 2007; Appleton, 2007) 

have frequently centred on primary teachers’ lack of science content knowledge and 

their pedagogical content knowledge. Reviews in New Zealand (e.g. Education 

Review Office, 2010; 2012) have followed a similar theme. Another related issue 

concerns teachers’ beliefs about science teaching and learning. Research (e.g. 

Friedrichsen, van Driel and Abell, 2011) has suggested that teachers’ beliefs about the 

nature of science itself and, especially, their beliefs about science teaching and 

learning, influence science teaching practice and pedagogical content knowledge. 

Studies (e.g. Bryan, 2012) often point to a disjunction between the beliefs that 

teachers espouse (their on-going personal philosophies) and their enacted beliefs (the 

way they actually teach classroom science). The present research, generated from two 

recent research developments in New Zealand, takes discussion of these issues 

forward with a fresh approach. 

Firstly, Anderson’s (2011, 2012) study, derived from Shulman’s (1987) classic work 

on essential teacher knowledge, accepts that primary school teachers’ science content 

knowledge and their pedagogical science content knowledge are often shown to be 

deficient. However, Anderson contends that in the context of primary science, 

teachers’ rich, wider trans-curricular beliefs - about students, and about the purposes 

of both science education and education generally - are also highly relevant and 

undervalued. She proposes that these beliefs about wider issues in education are 
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potentially beneficial determinants of what actually happens during their science 

teaching.  

In this study, we therefore “broaden the frame” from exploring the usual two domains 

of teachers’ knowledge and beliefs about a) science content and b) learning and 

teaching of science, to include three further domains of teachers’ knowledge and 

beliefs, about c) students, d) the purposes of education generally, and e) the purpose 

of science education. 

But how, in a professional development context, might teachers’ broader beliefs 

actually be accessed, made explicit, problematized and advanced, resonant with their 

developing classroom practices? Our second source of inspiration has come from the 

tertiary sector, namely, the HEART (HEaring and Realising Teaching-voice) research 

project at the University of Auckland (Donald, Blake, Girault, Datt, & Ramsay, 

2009). One of the outcomes of this project is the HEART professional development 

strategy, which aims to assist academics in their course design and teaching in a 

variety of disciplines (medicine, engineering, law, business, psychology, etc.). Using 

the HEART strategy, teachers are encouraged to reflect on, articulate, visualise and 

share their “teaching voice” (Donald et al., 2009), that is, how their teaching practice 

reflects their knowledge and beliefs about how they teach. The teachers embark on an 

exploration of their personal beliefs in relation to courses they teach, with a view to 

enhancing their own teaching practice, whether it be online or face to face (Blake, 

Donald, Datt, & Xiaoyan, 2011).  

 

The three key components in the HEART strategy are: 

a) An individually-completed reflective exercise, where teachers respond to 

statements in relation to a particular course or topic that they teach; either in a 

questionnaire format, or with a set of cards. Statements are based on 

dimensions proposed by Bain and McNaught (2006) about curriculum, 

epistemology, pedagogy and practice.  

b) A visualisation exercise where teachers’ responses to the statements are 

visually represented. A variety of visualisation types have been trialled. (The 

set of belief/practice statements, and the corresponding visualisations, are 

called the HEART tools.) 

c) A facilitated group discussion which allows for analysis and sharing of the 

responses.  

We recognised a core set of beliefs and practice, explored in the HEART research 

project and also in Anderson’s recent work, that were fundamental to both primary 

and tertiary  levels of teaching and learning. Could the HEART tools and strategy 

therefore be adapted to facilitate primary teacher professional development 

concerning their beliefs in the five domains advocated by Anderson (2012)?  

  

RATIONALE  

Our study is underpinned by the assertion that “teachers’ beliefs govern their ideas 

and decisions about what is possible, relevant and achievable” (Donald et al., 

2009). Woven into these beliefs, are a teacher’s uniquely individual dispositions: 

private theories, intuition, attitudes, values and assumptions – in sum, a teacher’s 

very identity and integrity (Palmer, 2007). Pajares (1992, p. 311) points out, in his 

extensive review of the research literature on teacher beliefs: “… for all their 

idiosyncrasies … beliefs are far more influential than knowledge in determining 
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how individuals organise and define tasks and problems and are stronger 

predictors of behaviour.” Evidence from recent research on the significant role of 

teacher beliefs in primary science teaching practice substantiates this further 

(Fitzgerald, Dawson, & Hackling, 2013). Beliefs, then, reside at the heart of a 

teacher’s experience and yet, paradoxically, in the professional practice of 

teachers “… the heart is seldom glimpsed …” even though “…it is a powerful 

driving force” (Donald et al., 2009, p. 181).  

So how might the centrality of teachers’ beliefs be explored more effectively in 

professional development? Our initial goal in the present research was to try to adapt 

the HEART strategy so that it might enable small groups of primary school teacher 

colleagues to make explicit and to share their beliefs relating to Anderson’s (2012) 

five domains. To use Palmer’s (2007, p.149) resonant phrase, we hoped to elicit 

“good talk about good teaching.”  

In summary, our four research questions for this research project are: 

 

1. How can the HEART tools and strategy be adapted for use in primary science 

teaching? 

2. Does utilising the adapted tools and strategy enable primary science teachers 

to articulate their beliefs about science teaching and learning?   

3. Does utilising the adapted tools and strategy enable teachers to reconcile their 

espoused beliefs and their classroom practice (or their beliefs-in-action)?   

4. Does utilising the adapted tools and strategy enable teachers to transform 

their beliefs and to enact those new beliefs in their classroom practice? 

 

The first two questions are the focus of this paper. 

We acknowledge limitations in this work. Firstly, teachers’ accounts of their 

espoused beliefs and their beliefs-in-action do not necessarily convey their actual 

beliefs and/or classroom practice.  Song, Hannafin, and Hill (2007) and Rokeach 

(1968) suggest that there is a complex relationship between beliefs and actions, 

and that beliefs cannot be directly observed. Secondly, there is no attempt in this 

research to document teachers’ actual classroom practice. Finally, this is a work in 

progress. In the present paper, we report on our findings, based on working with 

relatively small groups of teachers, with regard to research questions 1 and 2.  

 

RESEARCH DESIGN  

We adapted and trialled a professional development intervention with practitioners 

in iterative cycles of development, evaluation, and re-development. We adopted a 

design-based research methodology, one ideally suited to the development of 

educational interventions (Reeves, McKenney and Herrington, 2010). Design-

based research is applied research, with frequent interplay between theory and 

practice. It generates evolving design principles or conceptual models that are 

practice-based, with strong theoretical foundations (Anderson & Shattuck, 2012).  

The primary science version of the HEART tool and strategy was developed in 

two stages, and trialled with two consecutive groups of primary science teachers 

who were participating in a national professional development programme in 

primary science. The research stages, activities and outcomes are summarised in 

Table 1. 
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Table 1 

Research design 

 

Stage 

1 

Activity Participants Outcome 

 Expand the original 26 

belief/practice 

statements of HEART 

tool to 60 statements. 

Science 

education 

researchers 

reference group. 

Version 1 of 

Primary Science 

HEART tool. 

 Trial 60 belief/practice 

statements with 

teachers. 

15 primary 

science teachers 

from NZ 

schools. 

Target audience 

data on clarity 

and relevance of 

60 belief/practice 

statements. 

 Reduce Primary 

Science HEART tool 

Version 1. 

Redesign facilitation 

strategy.  

Three science 

education 

researchers 

(authors). 

Version 2 of 

Primary science 

HEART tool and 

strategy. 

Stage 

2 

Trial Version 2 of the 

Primary Science 

HEART tool and 

strategy. 

13 primary 

science teachers 

from NZ 

schools. 

Target audience 

data on the first 

trial of Version 

2. 
 
 

Research Stage 1 Methods 

The original HEART tool is based on 13 dimensions of teacher beliefs and teaching 

practice proposed by Bain and McNaught (2006). Donald et al. (2009) devised 26 

paired statements to operationalize these dimensions for further research and 

professional development purposes. Each pair of statements represents opposite 

positions on the 13 dimensions. These “belief/practice dimensions” include 

epistemological, curriculum and pedagogical beliefs, and selected aspects of teaching 

practice. Donald et al. (2009) trialled the 26 paired statements for tertiary teachers to 

use in a questionnaire format, and later with sets of cards. Teachers’ responses to 

these statements were then used in professional development contexts to stimulate 

discussion about their teaching beliefs with regard to particular courses that they 

taught. 

For the primary science version of the HEART tool, we adapted the 26 paired 

statements, working with a small national reference group of science education 

researchers from three NZ universities. This adaptation yielded a set of 60 

statements relating to 15 dimensions of teacher beliefs and practice about science 

education (Version 1 of the Primary Science HEART tool in Table 1). These 60 

new statements were based on:  

a) the belief/practice dimensions used in the HEART tool (derived by Bain 

and McNaught (2006)), as reported in Donald et al., 2009), and  

b) the framework for NZ teacher knowledges in primary science proposed by 
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Anderson (2012).  

A group of 15 New Zealand primary science teachers were then asked to review 

the 60 science belief/practice statements and give us written feedback on the 

clarity and the relevance of these to their teaching. Small groups of teachers were 

allocated a different set of 12 randomly selected statements, from the total set of 

60. They were first asked to prioritise statements that were relevant to their beliefs 

and practices. Most groups selected approximately half of the statements they 

were given. The reviewed questions were used as the basis for compiling the 

second, more compact, version of the Primary Science HEART tool. 

 

Research Stage 1 Results and Discussion 

The teacher review exercise generated 25 statements. Examination of these 25 

statements revealed a strong emphasis on the one belief/practice dimension of the 

teaching and learning of science. The other four influential belief dimensions 

(Anderson, 2012; Friedrichsen et al., 2011) were under-represented – i.e. beliefs about 

students, aims and purposes of education, aims and purposes of science education and 

beliefs about science. The number of statements presented to the teachers on the one 

domain of teaching and learning in science slightly outnumbered the statements on 

the other four domains, and the focus of the professional development day was on 

teaching science, but we wondered whether this outcome could also be a reflection of 

a deeper issue of teachers’ perceptions of what constitutes teacher professional 

knowledge.  

Recent research suggests that teachers’ perceptions of teacher professional knowledge 

is about what they are seen to do in the classroom with students, about “doing 

teaching” (Berry, Loughran, Smith and Lindsay, 2008).  Teachers’ more tacit 

professional knowledge about why they teach in a particular way, i.e. their 

specialised, professional knowledge of teaching practice, is “not always central to the 

ways in which teachers talk about the complex work of teaching and learning.” Nor is 

this knowledge always “obvious and recognisable to teachers themselves” (Berry et 

al., 2008, p. 2). It is this tacit teacher knowledge, and their deeply-held beliefs about 

knowledge and learning, that we were attempting to probe. It is possible that our 

statements from the domains of, for example, science, general aims of education, 

knowledge foundations, and learning, were seen to be less relevant than statements 

about their “doing” of teaching, their classroom practice.  

In light of this, we broadened the instrument to include all five belief dimensions. 

To avoid making the instrument unwieldy, we reduced the number of statements 

on all five dimensions. We also identified other practical considerations, such as 

language and format. Teachers wanted to express and justify their beliefs and 

practices in their own words, using a richer range of language and qualifying 

examples in a diversity of contexts. We therefore replaced the statements with 

open-ended questions. Our target audience is syndicates of teachers who would 

typically meet at an after-school professional development meeting. The 

instrument had to be succinct yet sufficiently penetrating to sustain interest and be 

worthwhile to teachers in this context.  

In view of our research aims, our initial findings, and the abovementioned 

practical considerations, we devised Version 2 of the Primary Science HEART 

tool (Table 1). This is a significantly reduced set of 10 open-ended questions, with 
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two questions each, that relate to five belief domains proposed by Anderson 

(2012) and supported by Friedrichsen et al. (2011). Each pair of questions relates 

to espoused and enacted beliefs about general purposes of education, student 

learning, science, the purposes of science education, and the nature of science 

teaching and learning (Table 2).  

 

Table 2 

Belief domains and related questions in Version 2 of the Primary Science HEART 

tool. 

 

Belief Domain Espoused Beliefs Beliefs in Action/Practice 

1. General 

purposes of 

education 

1a. What kind of people would 

you want your students to be 

when they leave you at the end 

of the year? 

1b. How does your science 

programme contribute to your 

students becoming the kind of people 

you would want them to be when 

they leave you at the end of the year? 

2. Students 

2a. What do you think makes 

students vary in their capacities 

to learn science at school? 

2b. In what ways do you regularly 

cater for students’ differing learning 

capacities in your science 

programme? 

3. Science 

3a. What role do you think 

investigations have in the work 

of scientists? 

3b. What role do investigations have 

in your science programme? 

4. Purposes of 

science education 

4a. What do you think are the 

possible benefits that students 

can gain from school science? 

4b. What benefits do your students 

gain from your science programme? 

5. Science 

teaching and 

learning 

5a. What kind of teaching do 

you think promotes the best 

student learning in school 

science? 

5b. How do you teach your science 

programme? 

 

The purpose of these questions was to provoke discussion that went beyond the 

tips, tricks and techniques of teaching. The questions were carefully crafted, using 

everyday language,  to probe a deeper level, the “middle ground” where belief and 

practice converge, where pedagogical beliefs find “voice” as pedagogical practice 

(Donald et al., 2009).  
 

Research Stage 2 Methods 

The goals of the second stage of our research (see Table 1) were twofold: to trial 

the significantly revised Version 2 of the Primary Science HEART tool, and to 

devise and trial a new strategy for facilitating its use in a professional 

development context. 

We planned to use the questions in Version 2 in a carefully designed sequence so 

as to elicit and depict teachers’ beliefs and practice, in a process of making 

explicit their implicit beliefs about learning, teaching and education. Individual 

reflection activities alternated with small group- and then whole group discussion 

sessions, where teachers visualised, prioritised and compared beliefs and practices 

for each domain. The questions were posed in the sequence shown in Table 2, that 

is, from Question 1 to Question 5.  
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This sequence was intended to guide teachers’ reflections from the broader, more 

generic domains of purposes of general education, down to the more specific 

domain of teaching and learning in science. For each dimension, the “beliefs” 

question preceded the “practice” question. The professional development strategy 

is summarised in Figure 1. 
 

Sequence: Facilitator: Primary teachers: 

Step 1 Asks question (Question 1a*) 

probing beliefs in given domain 

(Domain 1*) 

Record their own individual 

responses.  

Step 2 Facilitates pair discussions. Discuss in pairs to prioritise four 

agreed beliefs recorded on left side 

of Venn diagram. 

Step 3 Asks next question (Question 1b*) 

probing science teaching practice 

in the same domain (Domain 1*) 

Record their own individual 

responses. 

Step 4 Facilitates pair discussions. Discuss in pairs to prioritise four 

agreed practices recorded on right 

side of  Venn diagram. 

Step 5 Facilitates use of Venn diagrams 

amongst pairs. 

Use Venn diagram in pairs to 

compare and link beliefs and 

practices: common aspects placed 

in centre. 

Step 6 Facilitates whole group discussion 

about different pairs of teachers’ 

prioritised beliefs and practices in 

Venn diagrams. 

Participate in whole group 

discussion. 

Step 7 Repeat Steps 1-6 for the next given belief domain (Domain 2*) until 

all 5 belief domains have been explored. 
* See Table 2 for corresponding Questions and Domains  

 

Figure 1. Version 2 of the Primary Science HEART strategy 

 

As the facilitator displayed each question, the teachers first recorded their own 

responses on a think sheet, and then discussed them in pairs. They were then asked 

to negotiate and prioritise their four most important ideas and record them on 

removable sticky notes, for positioning on a Venn diagram. The facilitator then 

asked the teachers to identify any common ideas and to put these in the 

overlapping area. Teachers were encouraged to show any connections in other 

ways if they wished. The teachers then discussed the implications of the diagram. 

Once all five dimensions had been completed in this way, the teachers were asked 

to discuss: 

a) any key ideas that emerged about science implementation in their 

respective schools. 

b) The relationship between their aspirations and practice and any 

implications for their practice. 
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At the end of the session, the teachers and a professional development facilitator 

who observed the process, were also asked to rate the usefulness of the activity on 

a Likert scale, and to provide written feedback about the instrument, including 

which questions they found most valuable. 

Data collected comprised written individual responses of 13 teachers to each 

question (see Stage 2 research activities in Table 1), audio-recordings and 

transcriptions of samples of the subsequent discussion, and copies of the diagrams 

produced by each pair.  

 

Research Stage 2 Results and Discussion 

Teachers’ use of Version 2 of the Primary Science HEART tool  

The teachers’ answers to the ten questions about their beliefs and practice (that is, 

both their individual and group-negotiated answers) were examined and their 

responses to questions about the usefulness of the exercise were analysed.  

Table 3 shows examples of teachers’ individual written responses from Step 1 of 

the process (Figure 1), for each belief/practice domain. These examples 

demonstrate the degrees of correspondence that there were between the two 

answers each teacher gave to the two questions in each belief domain.  

 

Table 3 

Examples of individual written responses 

Belief Domain Espoused Beliefs Beliefs in Action/Practice 

1. General 

purposes of 

education 

1a. What kind of people would 

you want your students to be 

when they leave you at the end 

of the year? 

1b. How does your science 

programme contribute to your 

students becoming the kind of 

people you would want them to 

be when they leave you at the 

end of the year? 

Teacher 1 “respectful, curious, 

thoughtful and creative, 

ready to try anything and 

confident to share their 

thinking.” 

 

“Open-ended questions to 

stimulate curiosity, 

Hands-on accessible activities to 

motivate interest, 

Encourage discussion to practise 

communication and ideas.” 

2. Students 2a. What do you think makes 

students vary in their capacities 

to learn science at school? 

2b. In what ways do you 

regularly cater for students’ 

differing learning capacities in 

your science programme? 

Teacher 4 “Motivation, 

Learning conversations, 

Junior experiences, 

Over-formalisation of science, 

Insufficient knowledge-

generating experiences.” 

“Differing motivating activities, 

Teacher questioning, 

Teacher observation, 

Ask open-ended questions.” 

3. Science 3a. What role do you think 3b. What role do investigations 
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investigations have in the work 

of scientists? 

have in your science programme? 

Teacher 1 “Determine the action they 

take, 

Conversations are about 

evaluating investigations, 

Require knowledge sharing.” 

“Central to inspire questions, 

End of knowledge-gathering, 

(“immersion” part of inquiry) 

Motivate.” 

4. Purposes of 

science 

education 

4a. What do you think are the 

possible benefits that students 

can gain from school science? 

4b. What benefits do your 

students gain from your science 

programme? 

Teacher 3 “Gain understanding of the 

world around them, 

Understand inter-relationships 

especially of species, i.e. 

importance of biodiversity, 

Arouse curiosity.” 

“How to communicate ideas 

based on evidence, 

Improved understanding about 

the world, environment, 

issues/concerns, 

Importance of maintenance of 

resources, 

Importance of preservation of 

species/  biodiversity, 

Hands-on first-hand 

experiences.” 

5. Science 

teaching and 

learning 

5a. What kind of teaching do 

you think promotes the best 

student learning in school 

science? 

5b. How do you teach your 

science programme? 

Teacher 2 “Varied activities 

Questioning 

Problem-solving 

Inspires further learning 

Cater for students’ interests 

and needs.” 

“Varied activities, 

Encourage lateral thinking, 

Recognise different learning 

styles.” 

 

Responses in the final column of Table 3 may indicate teachers’ aspirational 

practice, rather than an honest description of their usual practice.  There was little 

evidence of critical, reflective and evaluative thinking in this column. However, 

more critical reflection and evaluation was apparent in the next stage of the 

activity. Teachers’ conversations were rich and robust as they negotiated and 

prioritised four of the group’s responses for each question: 
 

Teacher A: [reading Question 2 aloud] ‘What do you think makes students 

vary in their capacities to learn science …?’  

Teacher A: Their attitude and their interest? 

Teacher B: I think motivation is a part of it. 

Teacher C: Read out what you’ve got? 

Teacher A: I’ve got three, I’ve got the amount of discussion, interest and 

home support they have in scientific ventures.  

Teacher C: That’s at home, yes. That should make a difference at school, 

yeah. 

Teacher A: Makes a big difference to have high home support for 

discussing… 
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Teacher B: That doesn’t mean they’re incapable of doing it at school... 

Teacher C: No but I’m saying what makes them vary in their capability is 

the amount of home support and the amount of discussion they 

have and so forth…  

    

Teacher feedback on the usefulness of the Primary Science HEART 

tool and strategy 

Teacher feedback on the usefulness of the session (Tables 6 - 8) suggests they 

found it useful in considering their beliefs and how they relate to practice: 

“I found the discussions between colleagues valuable: made me think and 

analyse my science programme and my science thinking.” 

“Encouraged thought and clarified my thinking about science and the 

changes I will be making to my science programme.” 

 

Table 6 

Teacher ranking of activity 

 

Ranking 1 not useful 2 3 4 5 very 

useful 

Number of 

responses 

  4 9  

  

Table 7 

Teacher feedback regarding the usefulness of the tool 

Number of comments 

describing the tool’s 

usefulness 

Number of comments 

suggesting improvements to 

the tool 

Number of comments 

regarding the tool as 

not useful 

17 12 0 

 

Table 8 

Teacher feedback concerning individual questions 

 Q1* Q2 Q3 Q4 Q5 

Number of 

favourable 

comments 

8 5 0 6 6 

Number of 

critical 

comments 

0 2 1 1 2 

* See Table 2 for corresponding Questions and Domains  

 

Teachers also suggested that it may be useful to vary the process of going through 

Steps 1-6 (Figure 1) as some found this repetitive. A few suggested not using all 
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questions in the same session, so as to shorten it. This was echoed by an observer 

of the session while it was in progress, who commented in the post-session debrief 

as follows:  

 

“I felt the idea and way it ran were particularly useful. It went too long. 

Some of the questions were more worthwhile than others I would imagine. 

It is a type of reflection / evaluation that I would like to use myself with 

staff in the future…” 

 

Some of the teachers wanted to keep their individual responses (on the think 

sheets) and Venn diagrams because they wanted to use the instrument themselves 

back in their own schools, or because they had invested so much thought and time 

into generating their answers. 

The final Venn diagrams that the teachers produced gave them the opportunity to 

examine the relationships between their practice and beliefs. However, the Venn 

diagram as a format for visualising their ideas may have been too constraining. 

Teachers added arrows or invented their own diagrams to try and depict the 

complex relationship between their beliefs, experiences knowledge, and practice. 

The teachers often added to the Venn diagram, and used arrows to show 

connections in a range of ways (e.g. concentric circles and hierarchical tree 

diagrams).  

Writing their main ideas on sticky notelets was useful as they moved the notelets 

around a great deal and grappled with ways to best represent the relationships 

visually. We have already trialled a variety of visualisations in the HEART 

research project (Donald et al., 2009). The different layouts that the teachers 

created during this trial provide an extensive basis from which to plan future 

formats for teachers to use to visualise the relationships between their beliefs and 

teaching practice. In future trials we will limit the length of time of any one 

session, and teachers will work with sub-sets of dimensions and questions. 

The teacher feedback we received supports broadening the frame of reference in a 

professional development context, from the long-standing focus on teacher 

knowledge and beliefs about science and science pedagogical knowledge, to 

include the dimensions of beliefs about the general purposes of education 

(Question 1), the purposes of science education (Question 4), and about students 

(Question 2).  

Teachers were particularly positive about the reflection and discussions on how 

science contributed to overall educational goals; Question 1 received the most 

favourable comments as to its usefulness and value.  One teacher suggested such 

exploration would be useful to do in other learning areas, in addition to science. 

Teacher reflections about Question 1, such as those in Table 3, showed teachers 

were thinking about the transferable skills developed through engaging in science 

in relation to their wider goals for education. Teachers’ responses to Question 4 

about the benefits of science education also led to discussions about learning 

outcomes for science that went beyond learning the knowledge produced by 

science (i.e. science content), to the type of thinking and skills that science can 

develop. Such reflection and sharing amongst teachers, in what may be a 

confronting experience (Berry et al., 2008), can be a constructive step towards 

making implicit, tacit ideas and beliefs more explicitly stated and shared. A 
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limitation is that actual teacher practice may differ from teachers’ perceptions and 

therefore underlying beliefs may not be exposed (Anderson, 2012; Song, Hannafin 

and Hill, 2007). 

 

CONCLUSIONS AND IMPLICATIONS FOR FUTURE 

RESEARCH 

Our first trial of the Primary Science HEART tool and strategy (Version 2) has 

yielded promising results, on a small scale, with a fresh perspective on the realities 

that face generalist primary teachers on a daily basis, and new insights on the 

complex and dynamic “inner terrain” of teachers’ belief systems. The findings 

provide clear directions for further adaptation. Our departure from the 

questionnaire format and more numerous closed statements, to a smaller set of 

carefully sequenced open-ended questions, stimulated rich and fruitful discussions 

that challenged and inspired teachers as they considered their beliefs and practice 

together. The practices they described at least identify aspirational practice and 

may in some cases reflect actual practice but we have insufficient evidence to 

support this as yet.  

Clearly the tool and the strategy need refining to support more critical evaluation 

of practice and subsequent professional development directions for teachers. 

Future research activities will include: validating the questions, experimenting 

with more visualisation methods (such as semantic networking); and trialling a 

third version of the instrument within schools to test its usefulness in facilitating 

individual and collective professional development. Once this professional 

development strategy has been tested in classroom contexts we can address our 

third and fourth research goals, as noted in our introduction, of investigating 

whether this strategy can help teachers elicit, and hopefully reconcile their 

teaching beliefs with their classroom practice.  In so doing we will meet our long-

term goal of enabling transformational professional development for primary 

science teachers. 
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Abstract: Primary teachers‟ beliefs about science and the purposes of science 

education can strongly influence the nature and focus of their science teaching 

practice. The Primary Science Teacher Fellowships, funded by the New Zealand 

government and administered by the Royal Society of New Zealand, enable primary 

teachers to be placed for six months in a science based host organisation, working 

alongside scientists and experiencing the everyday nature of scientific research 

institutes. Specifically designed opportunities are provided for teachers to develop 

their leadership skills and curriculum knowledge. The teachers receive a further 

twelve months of support on return to their school as science leaders. This study 

reports on initial findings of a longitudinal study using questionnaires to examine 

changes in the beliefs of 26 New Zealand primary teachers as they undertook the 

fellowship programme. Changes in the teachers‟ beliefs concerning the nature of 

science and the purposes and focus for primary science education following their first 

six months in the programme are reported. Teachers‟ views about the purposes and 

focus for primary science education expanded to place greater emphasis on the nature 

and value of scientific ways of thinking. Building awareness and understanding of the 

world and how it works were seen as important purposes of science education both 

before and after their first six months in the programme. Teachers‟ responses showed 

deepening understanding of the nature of scientific investigation and the features of 

scientific knowledge. Implications are that the combination of experiences in the 

fellowship positively influenced teachers‟ beliefs about science and its purpose in 

education. 

 

Keywords: teacher beliefs; professional development; nature of science 

 

BACKGROUND 

Teacher beliefs powerfully influence classroom practice (Mansour, 2009; Pajares, 

1992). Beliefs have been described variously as perceptions, attitudes, values, implicit 

and explicit theories (Pajares, 1992). Research suggests beliefs appear to be episodic 

rather than semantic and develop from critical episodes and images held by teachers 

(Nespor, 1987). Teachers‟ past experiences influence their thinking about their work 

(Mansour, 2009). Nespor (1987) argued beliefs are linked with stronger affective and 

evaluative components than knowledge. For instance, teachers‟ beliefs about the 

nature of subjects are strongly associated with ideas about what children should learn 

within those subjects.  

Teacher beliefs have been indicated as influences on the development and nature of 

pedagogical content knowledge [PCK] for science. A recent definition of PCK for 
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science suggests it is a personal attribute involving knowledge, as well as reasoning 

behind planning and enactment of teaching as it pertains to a particular topic (Gess-

Newsome, 2013).  This personal nature of PCK leads naturally to a connection with 

teacher beliefs. Friedrichsen, Van Driel and Abell (2011) highlighted research 

supporting a role for teacher beliefs in influencing the nature and development of 

teachers‟ PCK. A model for science PCK developed through consensus proposes that 

teacher beliefs act as amplifiers and filters, increasing or decreasing the likelihood of 

an idea being accepted or an action being implemented in science teaching practice 

(Gess-Newsome, 2013). Since recursive learning is a key part of the model, teacher 

beliefs may influence not only classroom practice, but also PCK development. 

Friedrichsen et al., (2011) argued that teacher beliefs about science and the nature and 

purposes of science education may be key factors strongly influencing practice and 

PCK development. Findings of a recent study of New Zealand primary teachers 

support their assertion, finding that teacher beliefs about science, beliefs concerning 

the goals of science education and how science should be taught and is learnt not only 

influenced classroom practice and PCK development but also the type of science 

content knowledge the teachers developed and addressed in their teaching (Anderson, 

2012).   

Recent changes to the New Zealand curriculum have given primacy to learning about 

the nature of science [NOS] (Ministry of Education, 2007). Primary teachers‟ beliefs 

about the NOS are commonly naive (Abd-El-Khalick & Lederman, 2000). Hodson 

(2009) concludes that a range of factors impact on whether a teacher firstly develops 

NOS understanding and then implements teaching about the NOS; making the NOS 

explicit, and time and opportunity for critical reflection are crucial, but recognition of 

the importance of teaching about the NOS is also critical. Changing teachers‟ beliefs 

about science and its purposes in education and helping them see learning about NOS 

as a valuable goal should therefore be an important aim of professional development 

in New Zealand primary science education. Despite the recent change in focus of the 

science curriculum, there has been comparatively little professional development in 

science available to primary teachers in New Zealand (Chamberlain & Caygill, 2012). 

Results of international studies show that in New Zealand only 6% of instructional 

time is spent on science at middle primary level and that there is less teacher emphasis 

on conducting experiments and investigations than other OECD countries. 

Unsurprisingly, Year 5 student achievement in science is significantly lower than 

most OECD countries (Chamberlain & Caygill, 2012).  

Primary Science Teacher Fellowships [PSTF] aim to raise the profile of primary 

science in New Zealand schools by creating science curriculum leaders in the primary 

sector. The primary teacher fellowships are part of the New Zealand Science, 

Mathematics and Technology Teacher Fellowship Scheme funded by the Ministry of 

Business, Innovation and Employment and administered by the Royal Society of New 

Zealand.  The PSTF aim to “support fellows to develop both personally and 

professionally in order to confidently take on leadership responsibilities in science, 

enhance understanding of the Nature of Science, build awareness and understanding 

of the applications of science in the wider community, build awareness and 

understanding of potential careers involving science, and share enhanced knowledge 

and positive attitudes to science with colleagues, students and others in the general 

community”(www.royalsociety.org.nz/teaching-learning/teacherfellowships/primary-

science). Since 2009, 150 fellowships have been offered, with approximately 10-15 

new primary teacher fellows participating in the scheme every six months.  
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The nature of the PSTF programme is novel in that teachers work fulltime in science 

based organisations for six months, experiencing the nature of the practice of 

scientists first hand. The aim is to for them to be involved in scientific investigations, 

scientific discourse, practices and values, providing them with an experience of the 

culture of science. In addition, the fellows undertake six days of professional 

development during this time, facilitated by science teacher educators and designed to 

support them to connect their experiences with curriculum expectations
1
. The teachers 

also attend a week‟s leadership training course with a focus on leading change in 

schools
2
; assignments for this training course build towards the construction of a 

development plan for science at their own school.  Support continues for twelve 

months following the teacher fellows‟ return to their school as they plan and 

undertake professional development in science for their staff. A website connecting 

fellows with facilitators, other fellows and resources used in the programme supports 

them throughout the fellowship and beyond.  

Involving teachers in the work of scientists in the scientific workplace provides 

opportunities to not only observe but to become participants in scientific communities 

of practice, giving them opportunities to experience the lived reality of scientists and 

learn the practices values  and discourse of the scientific community through 

participation (Lave & Wenger, 1991). Involving teachers in authentic inquiry and in 

working alongside scientists has had mixed results with regards to changing and 

developing beliefs and understanding about the NOS (Schwartz & Crawford, 2004). 

Reports of such partnerships (e.g., Dresner & Worley, 2006) emphasise the usefulness 

of building collegiality during time spent doing science together. Making the NOS 

explicit and including facilitated opportunities to reflect on NOS appear critical (Pegg 

& Gummer, 2010; Schwartz, Lederman & Crawford, 2004). The six professional 

development days in which teacher fellows participated during the six months spent 

with their science host organisation overtly discussed the NOS and provided 

opportunities to reflect on and share the teachers‟ experiences and observations 

concerning the nature of practices, values and discourse within their host science 

organisation. Activities during the curriculum days were specifically designed to 

provide opportunities to discuss and connect these experiences with the New Zealand 

curriculum aims, and to consider ways in which other teachers and children could 

begin to develop such understandings about science.  

 

RATIONALE 

Being part of the scientific professional community provides teachers with 

opportunity to engage in the “dialogic knowledge-building processes that are at the 

core of science” (Duschl, 2008, p. 269) and to learn through participation (Lave & 

Wenger, 1991). The professional development reported in the current study is unusual 

for the length of time spent by teachers working in an authentic scientific 

environment. Identifying whether and how these experiences affect participants' 

beliefs concerning science and the nature and purposes of science teaching appears 

key as a first step in changing and developing their classroom practice. Identifying 

components in the programme that teachers perceived as critical in changing their 

                                                        
1 Professional development for the curriculum days, the online support and the mentoring following the 
fellowship is provided under contract by CORE Education. 
2 The leadership course is provided under contract by Executive Education, Otago University School of 

Business. 
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beliefs about science and science teaching will usefully inform future initiatives in 

science education professional development and research. 

 

Research questions 

 

1. How does participation in the PSTF change teachers' beliefs about the aims 

and purposes of primary science education?  

2. How does participation in the PSTF change teachers' beliefs about what 

children should learn in science?  

3. How do primary science teacher fellows‟ beliefs about the NOS change with 

participation in the fellowship?  

4. Which aspects of the PSTF do teachers see as most influential in changing in 

their beliefs?  

 

METHODOLOGY  

26 teachers that formed two cohorts of Primary Science Teacher Fellows volunteered 

as participants. They were primary school teachers in New Zealand with at least five 

years teaching experience. A questionnaire asking open-ended questions was 

completed by all teachers before beginning the fellowship and repeated following 

their six months with a science based organisation. One teacher did not complete the 

final questionnaire, so comments after six months come from 25 teachers. It is 

intended to repeat the questionnaire once teachers have been back in school 12 

months. Teachers used pseudonyms so that the identity of each respondent remained 

unknown to the researchers but enabled responses to be compared over time. Teachers 

were given as much time as they needed to complete the questionnaire. They did not 

have access to responses in earlier questionnaires. The questions were designed to 

probe key beliefs suggested as influencing classroom practice (Anderson, 2012; 

Friedrichsen et al., 2011). The questions and their target beliefs are listed in Table 1.  

 

Table 1 

Questions and their associated belief dimension. 

 Question Target belief dimension 

1. Why do you think primary school children 

should learn science? 

Beliefs about the purposes of 

science education 

2. What kinds of things do you think primary 

school children should learn in science? 

Beliefs about the purposes of 

science education and the nature 

of teaching and learning in science 

3. What are the features of scientific 

knowledge? 

Beliefs about science 

4. What are the processes by which science 

knowledge is developed? 

Beliefs about science 

5. What is a science investigation? Beliefs about science 

6. In what ways does the work of scientists 

interact with society? 

 

Beliefs about science 

 

Questions 3-6 in Table 1 relate directly to the aims of the Nature of Science strand of 

the science learning area of the New Zealand Curriculum 

(www.nzcurriculum.tki.org.nz/Curriculum-documents/The-New-Zealand-Curriculum) 
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toward which the professional development was targeted. In asking these open 

questions relating to the NZ curriculum we were hoping to probe the beliefs that 

predominated in teachers‟ thinking in these areas, as these are likely to be the beliefs 

that influence their planning and teaching.  The questions in Table 1 were asked 

before teachers began the fellowship and repeated at the end of the six months spent 

with their host organisation. After six months teachers were also asked which aspects 

of the fellowship had been most influential in changing their beliefs about science and 

nature and purposes of science teaching.  

Limitations include that teachers may not have recorded the full extent of their beliefs 

at any one time, although participants were given as much time as they wanted to 

respond.  Completing a validated questionnaire probing the full extent of their NOS 

would have provided additional means of measuring teachers‟ understanding and 

beliefs about the NOS over time. However validation of the Views of Nature of 

Science questionnaire (VNOS), which would provide such information, requires 

interviewing to obtain a complete and accurate picture for a particular group 

(Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002); the time required for the 

additional questionnaire, interviews and the subsequent analysis was not available to 

the researchers.  

Questionnaire responses were open coded jointly by the researchers using a process of 

constant comparison (Merriam, 2001); initial codes were combined into more general 

categories (Miles & Huberman, 1994). Statements where coding was not immediately 

apparent to both researchers were negotiated in the light of other responses by the 

respondent and  compared with responses included in a particular category until both 

researchers agreed on a category. The unit of analysis was a phrase which conveyed 

meaning. Phrases could be allocated to more than one category, for example, 

“develops thinking/analysis skills that are relevant to making informed decisions in 

society, family and globally” was coded as both as „citizenship‟ and „developing 

scientific ways of thinking.‟ Common categories and examples of coded phrases are 

provided in Table 2. The tenets of the NOS were a consideration in coding beliefs 

about science (Lederman et al., 2002). Classification was made according to how 

these teachers‟ ideas may facilitate or restrict children‟s experiences of science in the 

classroom (See Table 2, Section 3 & 4).  

 

Table 2 

Examples of categories applied to responses. 

1. Purposes of science education 

Common Categories Example of Coded Phrases 

Science provides opportunities for other 

learning 

Provides a real context for all learning 

(reading/writing/maths/drama) 

To develop scientific literacy 

To develop science literacy 

To learn more about the nature of science 

To learn scientific processes 

To learn about the scientific process 

Learning science develops skills with 

observation 
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To develop scientific ways of thinking 

To become better thinkers, analysers 

To develop curiosity and questioning skills 

Develops inquiring minds 

Making judgements based on evidence not 

just opinions 

To critique 

To build awareness of the world 

It gives them a lifelong interest in the world 

around them 

To understand how the world works 

Because science is about explaining the 

world around us 

2. Focus for learning 

Common Categories Example of Coded Phrases 

Content focus  

Chemistry-particles, matter 

The basics of how things work 

Science processes (general) 

The skills of investigation 

Be physically involved in experimentation 

Scientific skills (detailed) 

Skills of observation, questioning, 

comparison 

How to ask questions 

Present data and results in relevant ways 

Scientific ways of thinking (detailed) 

To challenge ideas, evidence based 

Record results honestly and accurately 

The scientific method 

Science variables and fair testing 

Scientific method 

Apply science in the real world 

The relevance of science in their lives 

Environmental issues 

3. Features of scientific knowledge  

Common Categories Example of Coded Phrases 

Content focused 

Forces 

Plant growth 

Restrictive  

Fair testing 

Scientific laws 

Facilitative general 

Investigate 

Use scientific skills/processes 

Facilitative specific 

Asking questions 

Peer reviewed 

Collaborative 

Evidence based 

Revising ideas/Open-mindedness 

Robustly challenged 

Rigorous thinking 

4. Processes by which science knowledge is developed 

Common Categories Example of Coded Phrases 

Restrictive Being explicitly taught the different steps 

of the scientific method 

Facilitative general 

Investigating 

Hands on activities 

 
  

Strand 14 In-service science teacher education, continued professional development

2651



 

Facilitative specific 

Observation 

Curiosity 

Identifying and classifying 

Looking for patterns and relationships 

Critique 

Evidence based 

Working together 

5. Scientific Investigation  

Common Categories Example of Coded Phrases 

 

Question 

A process of answering a question about 

the world 

Hypothesis Test the prediction 

 

Practical inquiry 

Testing 

Develop investigations 

 

 

Gathering data 

Gathering evidence 

Data collection 

Gathering data over time 

 

FINDINGS AND DISCUSSION 

Purposes for primary science education 
After six months on the fellowship teachers showed an increased appreciation of 

value of scientific thinking (Figure 1).  

 
Figure 1. Teachers' beliefs about the purposes of primary science education 

 

They more often included specific responses describing scientific attitudes and 

thinking such as developing curiosity,   the development of evidence based thinking, 
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critique and open-mindedness in their reasons as to why children should learn science. 

Understanding how the world works, building awareness of the natural world, 

scientific literacy, and science for citizenship increased following participation in the 

programme. After six months of the fellowship, the development of specific scientific 

ways of thinking was more often given by teachers as a purpose for children 

undertaking science education suggesting that science education was more commonly 

seen as being of value in its own right after their experiences on the fellowship.  

What children should learn 

Similar to findings above, the most common focus for student learning identified by 

teachers were specific aspects of scientific ways of thinking, which increased after six 

months, as did applying science (Figure 2). After six months there were more 

responses about scientific values and principles, such as “learning to record results 

honestly and accurately” and “learning resilience to challenge ideas using evidence.” 

Fewer teachers thought children should learn „the scientific method‟, fair testing, or 

how to test a hypothesis after six months and more commonly identified specific 

scientific skills such as observation, analysing and communicating data, and debating 

using evidence. More saw the NOS as a focus and there was reduced emphasis on 

science content, although it remained important for some teachers. More teachers 

included using scientific language symbols and text after six months, perhaps 

reflecting an emphasis in the current curriculum.  

 

 
Figure 2. Teachers' beliefs about the focus for learning in primary science education 

 

Beliefs about science 
Questions 3-6 (Table 1) investigated teachers‟ beliefs about science. Some teachers 

began with informed beliefs about NOS, whereas others moved from naive to 

considerably more informed beliefs. Figure 3 shows that after six months in a science 

host organisation the teachers more often identified specific beliefs about the features 

of scientific knowledge that would be facilitative of developing sound understandings 

0

5

10

15

20

25

30

35

N
u

m
b

e
r 

o
f 

re
fe

re
n

ce
s 

in
 t

e
a

ch
e

rs
' r

e
sp

o
n

se
s 

Focus for learning in primary science education 

Initial

6 months

Strand 14 In-service science teacher education, continued professional development

2653



about science in their classrooms (see Table 2 for examples). The number expressing 

restrictive views about the features of scientific knowledge decreased over this time. 

Teachers more often expressed more sophisticated and specific facilitative views of 

the NOS referring to requirements for robust evidence and observation, analysis, 

inference, debate and critique, and the tentative nature of scientific knowledge after 

six months. One teacher was persistent in identifying only restrictive and content 

focused ideas about the features of scientific knowledge. 

 

Figure 3. Teachers' beliefs about the features of scientific knowledge 

 

Figure 4 shows that after six months, teachers provided less restrictive and more 

specific rather than general responses about the processes by which scientific 

knowledge is developed; these responses more often included references to curiosity, 

the need for evidence, participation, critique, and revision of ideas. 

 

 
Figure 4. Teachers' beliefs about the processes by which scientific knowledge is 

developed 

 

Most teachers saw scientific investigation as beginning with a question or problem 

even prior to their experience with a science organisation (Figure 5). The belief in the 

need for a hypothesis as a driver for investigation was slightly less prevalent after the 

six months, but still common. More teachers identified a variety of ways of 

investigating in science after six months. Although references to fair testing increased 

after the six months, it was more often included in a list of possible ways to 

investigate in science rather than as the only way of investigating, as was the case 
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prior to beginning the fellowship. Similarly a single scientific method was only 

mentioned by one teacher as opposed to three after six months. 

 

 
Figure 5. Teachers' beliefs about elements of scientific investigation 

 

Beliefs about the relationship of science with society changed little over the six 

months. Teachers‟ saw science as having one or both of two general roles, informing 

the development of new products and informing society about issues. One teacher 

identified that the factors affecting the science that is carried out can be “areas of 

interest [to the scientist], through to commercially-driven enterprises, horticulture, 

agriculture.”  

Eleven of the 25 teachers identified combinations of programme aspects as influential. 

Eleven teachers attributed changes in their beliefs to working with scientists. The 

leadership course was by identified by seven teachers as an influential component and 

curriculum days by 16 teachers. Curriculum days were valued for the activities 

linking to the curriculum but many also commented on opportunities for sharing and 

discussing experiences and ideas with colleagues. The data suggests that all three 

aspects are important, with different combinations being identified by different 

teachers.  

 

IMPLICATIONS 

Opportunities to work alongside scientists, combined with professional development 

linking these experiences to the curriculum and classroom activities, appear to have 

positively changed or developed teacher beliefs that are considered to influence 

classroom practice in science, although beliefs that may constrain teaching about 

science persisted for some teachers. Research suggests that beliefs are held with 

different intensities depending on their centrality (Pajares, 1992). Paying more 

attention to teachers‟ beliefs by providing opportunities to make them explicit and 

open to more explicit critique may assist in promoting change (Donald, Anderson & 

Barker, 2013; Pajares, 1992). Changes in views about the importance of learning 

about NOS and the value of scientific thinking are encouraging as these appear to 
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positively influence practice (Hodson, 2009). However, further longitudinal research 

is needed concerning the impact of the project and associated belief changes on 

classroom practice in science and school science programmes. One minor study 

suggests that the programme is having a positive impact in at least some teacher 

fellows‟ schools and classrooms (Anderson, 2013). Pajares (1992) suggests that for 

some teachers, beliefs relating to teaching change as a result of practice, rather than 

pre-empting change in practice. This study will continue to investigate these teachers‟ 

beliefs after they have been back in the classroom twelve months. Results will shed 

some light on whether there has been sustained change or if further changes to beliefs 

have occurred. 
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SCIENCE TEACHER TRAINING AND SUBJECT 

RELATED CONVERSATIONS 
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Abstract: Are international science teacher trainings using the resources that lie in 

informal communication processes adequately? Which possible new approaches can 

be found by observing the communication processes between teachers within science 

teacher training courses? Reviewing current research and literature on informal 

learning and current trends in teacher training one cannot help but notice that a 

detailed qualitative investigation and description of communication processes that 

take place inside a teacher training, adhering to scientific principles has not yet been 

undertaken. It is a reasonable assumption that even exemplary insights into the 

informal communication within a specific science teacher training course might not 

only lead to valuable information helping to redesign and improving that very course 

but also might also lead to hypotheses as to how to organize and structure other 

comparable courses. It will also reveal the topics science teachers talk about, when 

meeting in an international setting. This will help to gain an insight into the interests 

teachers have and the approaches teachers take when they start to get to know each 

other. Furthermore the research at hand will allow for a unique insight on the 

occasions and environments in which subject related conversations occur, and the 

way conversations are initiated.  

Keywords: In-service Teacher Training, Informal Learning, Professional 

Development  

  

INTRODUCTION  

In this paper selected results of a PhD thesis based on an international teacher training 

activity which was designed through a Comenius 2.1 project funded between 2008 

and 2010 are presented.   

The main scientific aim is dealing with the optimization of science teacher trainings 

through focused research. We already know (OECD, 2010) that informal learning and 

teacher training courses play a significant role in teacher’s professional development. 

By closely analysing the informal profession related communication between teachers 

in a specific science teacher training course - this project tries to form justified 

hypotheses on how to meaningfully merge aspects of informal learning with 

formalized science teacher trainings.   

From 2008-2010 an international consortium of seven partners came together to 

develop a modular, international teacher training course called “CAT - The Effective 

Use of Computer Aided Teaching and Learning Material in Science Education
i
”. The 

training was conceived including E-Learning parts using the Learning Management 

System Moodle and a so called Face-to-Face week in which the teachers met directly. 

The course consists of three different modules which aimed at (1) enabling teachers to 

judge and use available ICT material for science education adequately in terms of 

supporting learning processes in science education, (2) adapting best-practice 

examples of those environments to their own teaching, and it consequently contained 
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a module (3) for self-assessment through Action Research. The training was 

implemented in Patras, Greece in 2011 for the first time and in Lyon, France in 2013 

for the second time. We had 19 teachers from six countries participating in the course 

in 2011 and 15 teachers from seven countries in 2013.  

As with many Comenius projects – the aim of the training lay not only in imparting 

and exchanging knowledge regarding the use of ICT in science classrooms – it also 

took intercultural aspects into account. The training wanted to assure that the science 

teachers trained took the opportunity of learning about the differences between their 

(school-) cultures, started to use and discuss the resources out of their own cultural 

perspectives and thus producing an added value and an increased likelihood of 

networks.  

 

PROFESSIONAL DEVELOPMENT AND COMMUNICATION 

BETWEEN SCIENCE TEACHERS  

Studies in professional development are only beginning to discover empirically 

successful methods for teacher training (Buchholtz, 2010) yet research taking a 

detailed qualitative look at communication processes between teachers taking place 

inside teacher training is nowhere to be found. Taking a closer look into the related 

field of informal communication one can find some studies dealing with descriptions 

of the impact as well as of factors influencing informal communication processes 

(Overwien, 2008; Richter, Kunter, Klusmann, Lüdtke, & Baumert, 2011). Regrettably 

there is little work providing direct scientific insight into the inter-individual 

communication processes themselves.   

These insights however could be promising for the design of a new breed of training 

courses that sensibly try to connect the advantages of formal and informal learning
ii
.  

Answers to questions like “What do science teachers naturally address when talking 

informally on a training course?”, “Can patterns regarding the topics be detected 

when looking at times of conversations?”, “Do personal contacts evolve during the 

training – and does the setting play a role in the formation of personal contacts?” all 

might bear relevance to the design of such a new course – yet have not been 

addressed by science so far.  

 

SCIENCE TEACHER TRAININGS  

Formalised teacher trainings are known to have a lasting effect: Studies that found 

clear evidence of teacher’s professional development having an impact on students’ 

learning are plentiful (Angrist & Lavy, 2001; Borko, 2004; Darling-Hammond, 

Holtzman, Gatlin, & Heilig, 2005; Rivkin, Hanushek, & Kain, 2005). The processes 

inside teacher trainings that lead to professional development however until fairly 

recently remained in the dark (Desimone, 2009; Fishman, Marx, & Tal, 2003).  

When looking at important aspects of professional development in general a 

reasonable point to start is the largest international survey on teachers and their work 

that includes some questions on how teachers judge their own professional 

development. That is the OECD Teaching And Learning International Survey 

(TALIS).  
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THE TALIS-SURVEY  

The Teaching and Learning International Survey (TALIS) is commissioned by the 

OECD and targets teachers of lower secondary education and their principals. It tries 

to give an overview of the actual working conditions, beliefs and agendas of teachers 

in different OECD countries.  

The last edition of TALIS 2008 results was published in 2010 (OECD, 2010). The 

first results of TALIS 2013 are being expected in June 2014 (“OECD Teaching and 

Learning International Survey (TALIS) TALIS 2013,” 2013). One of the topics under 

focus will be professional development.   

In TALIS 2008 the professional development activities are rather broadly defined as 

“activities that develop an individual’s skills, knowledge, expertise and other 

characteristics as a teacher” (OECD, 2010).  

 

 
  

Figure 1. Participation and ratings by type of professional development activity  

 

Taking a closer look at the professionalization activities section of the TALIS 2008 

survey
iii

  (OECD, 2010) one finds that informal learning in the role of informal 

dialogues, but also individual and collaborative research and professional 

development networks play a large role in the teachers’ professional development. 

Those activities from the perspective of the teachers surveyed seem to have a 

moderate or high impact on their individual professional development. Those 

activities are part of the international CAT teacher training course.   

 

THE AIMS  

Some studies have been undertaken to learn about the impact of informal learning as 

well as factors that affect informal learning in general (Overwien, 2008; Richter et al., 

2011; Seidel, Bretschneider, Kimmig, Neß, & Noeres, 2008). However, an insight 

into the process-related aspects of informal dialogues and learning are currently not to 

be found.   

The Aims of the Present Study  

The presented study at hand is focused at gaining an insight regarding the 

communicative processes taking place between teachers inside a science teacher 

Strand 14 In-service science teacher education, continued professional development

2660



training course for the use of ICT. The project looks at fragments of communication 

that took place offline and that were recorded during the Face-to-Face meeting in 

Patras in 2011 offline as well as online (Moodle, Facebook). By the means of 

semi-structured interviews we also look at character traits that according to literature 

(Kwakman, 2003; Lohman, 2006) have an influence on an individual’s disposition 

towards informal learning
iv

.   

The long term goal is to form justified hypotheses on how to create suitable and 

beneficial settings for teacher trainings to foster informal learning inside formalised 

teacher trainings and to strengthen the possible formation of communities of practice 

and/or networks triggered by such training. In order to form hypotheses it is useful to 

take a closer look at what topics the teachers talk about in which situations and at 

what times of day, and on what day. It is evident that the teacher group in Patras is not 

representative at all, however looking at this group and its dynamics in detail seems to 

be a sensible way of forming founded hypotheses.   

 

The Recordings  

The recordings were taken inside the Face-to-Face -week of the formalised training 

that took place in Patras, Greece in 2011. The teachers were given recording devices 

(Olympus DM-450) and kindly asked to record informal conversations whenever they 

felt it was convenient for them. Those recordings were only taken outside the 

formalised training sessions. The following table shows the distribution of recorded 

conversations over the week.  

Table 1 

Distribution of recorded conversations over the Face-to-Face-week in 2011  

  

 Monday Tuesday Wednesday Thursday Friday 

09:00-12:00 00:01:24 01:25:20 - 00:20:39 00:16:58 

12:00-15:00 00:55:18 03:22:54 02:56:45 01:20:26 - 

15:00-18:00 - 00:22:53 00:15:25 - 00:02:13 

18:00-21:00 01:04:37 - - – — 

21:00-00:00 05:45:00 01:25:24 00:26:26 06:01:49 - 

Total 7:46:19 6:36:31 3:38:36 7:42:54 0:19:11 

 

     

 

As can be seen here the main conversations (that were recorded) took place in the late 

evenings and during the lunch breaks - as the recordings were voluntary the 

distribution of the recordings does not allow to deduce, that informal conversations 

truly had a tendency to occur at said times primarily - there were possibly a lot of 

other informal conversations that went unrecorded. Still we can say that a fair amount 

of informal conversations did happen during lunch breaks and in the late evenings.  

The recorded conversations were transcribed using the software F4 (v.5.20.0) and 
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then imported into MAXqda10 (R240113). The transcription went according to the 

following rules:  

 • Transcribe completely and word by word   

 • Interjections that can be counted as speech disfluencies and seemingly do  

not contain content information are not transcribed  

 • Dialect colourations are put into plain English  (speakers are non-native)  

 • Non-English and Non-German conversations were referred to in the 

transcripts however only transcribed as they were understood by the  

transcribing person  

 • Parts of the recording that due to noise or language could not be understood 

were referred to in the transcript but left untranslated  

 • Laughter and interjections that do contain content relevant information are 

transcribed or referred to in brackets  

 • Identifiable persons are given a code before their speech begins  

 

Triggers and Topics of Conversations – The Formation of a Category 

System  

The first step of data analyses was to form a category system. We decided to create it 

inductively by looking at the material and trying to find recurring topics and to fit 

them into a tree structure by finding superordinate categories. It was vital that those 

superordinate categories were formulated broadly and sharply enough, so that the 

categorization could remain an inter-subjective procedure – to ensure this the 

category system has been and keeps on being communicatively validated. In 

MAXqda10 the transcriptions were categorized according to Qualitative Content 

Analysis (Mayring, 2010). The category system was constructed inductively from the 

transcribed texts and currently contains the following top-levels and their respective 

superordinate categories:   

 

How the Topic Started  

The Topic Started category takes a look at how the conversation was triggered. Was it 

started by a group with no previous reference or did it start as a follow up 

conversation to an earlier conversation – or did someone interrupt a conversation to 

start a new one? The “topic started” –category is divided in four sub-categories:  

Table 2 

Listing of “Topic-Started”- Category  

Unknown It is uncertain whether or not the topic just started and 

how it was initiated 

Started The conversation is (most likely) a freshly started one 

Disrupted The conversation is interrupted and a new topic starts 

Follow Up Conversation The topic of this conversation has been picked up from 

a previous one 
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Topics of Conversation  

The Topic category lists all the topics that come up during the informal conversations. 

It has the following five superordinate categories that again are divided in several 

sub-categories. The superordinate categories are:  

Table 3 

Listing of “Superordinate Categories”  

Cultural The conversation deals with cultural aspects 

Things happening in the 

Face-to-Face week 

The conversation picks up incidents or stories or plans 

that are directly related to things that happened inside 

the Face to Face week 

Profession related The conversation deals with conversations on teacher 

and teaching related topics 

Participants or Trainers The conversation deals with character traits, personal 

information as well as opinions on certain persons 

Other These conversations bear no link to one of the above 

categories 

 

Situational Aspects  

The category Situational tries to gather as many contextual side information as 

possible – the idea being to find possible relevant factors – that correlate with either 

the topics that are talked about:  

Table 4 

Listing of “Situational Categories”  

Talking persons Who is talking at this moment 

Mood Tries to state the general mood of a conversation 

(possibly about to be abandoned) 

Context What is the location and situation at the time of 

recording 

Time What is the time of recording 

Date What is the date of recording 

Duration Is it a 5,10,30, 45 min. conversation 

 

We decided to categorise the conversations in form of communication turns and on 

the basis of its contents. Doing so, a list of attributions to the categories has been 

generated and analysed quantitatively.   
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PRELIMINARY RESULTS  

At the time of the conference about 30% of the conversation recorded has been 

analysed. That is about eight hours, distributed over the whole Face-to-Face-week. 14 

Persons have been – more or less intensively - involved in those conversations. Out of 

these data we now try to formulate the first results and interpretations.   

 

Topics of conversations   

The preliminary results
v
 show the following distribution of conversations according to 

topics’ superordinate categories:   

 

Figure 2. Distribution of communications about cultural issues, course participants or 

trainers, things that happened on course, others and profession related issues 

(preliminary 30% of all teacher recordings). 

As can be seen from Figure 2 the number of conversations on cultural issues is fairly 

large also there seems to be a large interest in personal affairs of the teachers. 

Profession related contributions appear fifth in this ranking.Looking at the 

distribution of the ten most frequently coded subordinate (menial) categories of the 

five above one finds the following ranking:  

 

Figure 3. Number of informal contributions according to menial categories 

(preliminary data) 
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The teachers seem to show a preference to talk about things that are directly at hand, 

that are right around them (e.g. food, language, getting personal, incidents on the 

course, culture and so forth). Looking at the topics more closely one can find that all 

of them are marked by their high situational facets and their immediacy (Greeno, 

Collins, & Resnick, 1996; Lave & Wenger, 1991).   

Here also the conversation that deals with professional aspects is small. However, 

almost all of the topics mainly talked about inside the informal settings are inherently 

social in their nature. In the following list the (preliminary) distribution of subordinate 

categories belonging to the category “profession related” are listed. One can notice 

that the social aspect even dominates the topic of the training itself. The “personal 

professional situation” took more than a quarter of all profession related talks, which 

might be regarded as an indicator for teachers inside their informal talks taking a 

greater interest at the personal aspects of their job. The hard factual topics range in the 

lower percentages of profession related conversations.  

Table 5 

Subcategories of profession related conversation in percentages (preliminary)  

Personal Professional Situation 27 % 

Computers 18 % 

Educational System 12 % 

Biology  10 % 

Opinions / Incidents related to profession related topics  8 % 

Professionalization or Qualification  8 % 

Research   6 % 

Methods  5 % 

Physics  3 % 

Technical  2 % 

Chemistry  1 % 

 

 

The question arises whether the preference for the social and situational aspects 

remain when looking at the individual level.  

As we can see in the following table individual statistics do differ - there are some 

teachers that actually do talk more about profession related topics than more 

situational or social topics. This might indicate that the preferences towards topics are 

due to personal preferences. Interestingly enough the persons showing preferences for 

profession related talks belonged to the oldest of the group - this however can be due 

to several reasons.  
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Role of Accommodation  

Looking at the informal conversations more closely another possibly relevant factor 

appeared. The teachers that participated in the training were accommodated in two 

separate hotels (12 in Hotel A, and 5 in Hotel B).   

The following table
vi

 shows how often the conversation of a person B was coded 

directly after or before another person A. In extensive spot tests and discussions with 

the team transcribing we found this to be a surprisingly accurate indicator for the 

amount on conversations between two people. The background colour of the 

name-cells show in what hotel the person resided. The background colour of the 

numbers in gold, silver and bronze shows the three favourite conversation partners:  

Table 6 

Participants talking to each other (preliminary result)  

 

 

With very few exceptions (3/17 - Torben, Germont and Jaques) all of the teachers had 

people from the same hotel in their top 3 positions. This is especially remarkable 

since almost all of the recordings were taken in situations in which all teachers were 

present. Apparently the location where the teachers stay does have a strong effect on 

the persons they talk and possibly network with the most.   

 

DISCUSSION  

Despite having just analysed about 30% of the data we gathered, we try to formulate 

first hypothetical conclusions to be taken into account when developing and 

organizing teacher training courses.   

As we have seen the close investigation of the informal conversations via qualitative 

content analysis shows a possible preference for situational aspects on the side of the 

science teachers. Provided this is common among other groups of teachers as well, 

the design of a teacher training could be used in the following way – they could 

impart their knowledge by creating situations that teachers “like” to talk about inside 

their formal course hours – alternatively the environment of informal sessions 
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(breaks, food pauses) could be arranged in “situational” ways, that stimulate 

profession related discourse. This could happen for instance by means of a small 

science gimmicks or specifically prepared stimulations that teachers can first discover 

and then quite naturally start discussing about. Quite possibly the visit of an 

out-of-school science center might provide another situational factor that is further 

stimulating discussion and thus informal learning.  

Looking at the data differently one could assume that all topics (apart from the audio 

recordings) listed in Figure 3 could be interpreted as containing a more or less deep 

interest in the personal affairs. Even the cultural aspects often deal with personal 

behaviours or private journeys that the teachers undertook. This interpretation 

becomes especially impressive when looking at Table 2: in all profession related 

discussions the “Personal Professional Situation” ranked first even above the topic of 

the whole training
vii

. There might be an inherent need in our group of participants to 

communicate over personal matters. Sharing personal experiences quite possibly 

might even be a vital part of the way that teachers informally learn when they referred 

to the “informal dialogues” in the TALIS survey (see Figure 1). If so this could also 

be used for teacher trainings; tapping the personal experiences of teachers, trainers 

could connect important content to prior experiences and try to embed the knowledge 

on a social level also and thus hope for a greater impact and maybe even increased 

circulation. 

The last interesting hypothesis that needs further exploring is the fact that the 

accommodation does have an influence on the amount that people talk to each other. 

This bears great relevance for any course. It means that the way the participants are 

accommodated might influence the degree to which they are getting to know each 

other and to which they network. In the interest of course knowledge to remain active 

and to stay alive this is of vital importance to any course design of a new thinking.  

  

NOTES 
i
 This project has been funded with support from the European Commission in 

COMENIUS 2.1. The project number is: 141767-LLP-1-2008-1-DE-COMENIUS- 

CMP.  

ii
 As this paper will show later – TALIS results show that a majority of teachers 

regard formalized trainings and informal conversations as the most beneficial and the 

most common forms of their professional development.  

iii
 The questions were: “What professionalization activities did you undertake within 

the last 18 months?” and “Which of those activities did you perceive to be moderately 

or highly effective?”  

iv
 Though these interviews are not part of this paper, they shall be mentioned here to 

give the reader a general idea of grander scope of this project.  

v
 30,08% of all teacher’s conversation  

vi
 Due to spacial constrictions not all of the teachers living in the more frequented 

hotel were added to the table – the effect described however was valid for the teachers 

not represented in the table as well.  

vii
 The Use of ICT/Computers in Science Education  
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Abstract: Past research on teacher professional development suggests that a profound 

professional knowledge is a prerequisite for high quality instruction. However, in the classroom 

teachers often do not build on their professional knowledge; instead they fall back on teaching 

routines – so called scripts. Ideally, these scripts develop from teachers’ professional knowledge. 

When planning lessons, teachers use their professional knowledge to create lesson plans. The 

implementation of these lesson plans and teachers’ reflection upon it leads to their refinement. 

Lesson plans that worked as expected are endorsed; lesson plans that did not work as expected 

will be adopted in future lesson planning. With the time, successful lesson plans develop into 

scripts that teachers can readily make use of during instruction. This process is affected by 

teachers’ beliefs, motivation and self-regulation abilities, as other aspects of professional 

competence. The study presented here aims at the analysis of the influence of aspects of 

professional competence on the quality of scripts. Professional competence and the quality of 

scripts were surveyed with an online-questionnaire. This instrument was administered to a sample 

of N=148 students, in-service teachers and teachers. The findings suggest that motivation and 

self-regulation are important factors for the quality of scripts and that professional knowledge 

plays a minor role.  

Keywords: scripts, professional competence 

 

THEORETICAL BACKGROUND 

Teachers’ professional competence is considered an essential factor for student achievement 

(Hattie, 2010). The professional knowledge, as one aspect of teacher professional competence is 

assumed to be an important predictor for instructional quality (Baumert, 2010). However, 

immediate decisions during teaching depend less on professional knowledge but rather on 

teaching routines of teachers- so-called “scripts” (Shavelson, 1986). At best, these scripts build 

on teachers’ professional knowledge. One opportunity for the conscious transformation of 

professional knowledge into scripts is lesson planning (Borko, Roberts, & Shavelson, 2008). 

When planning lessons, teachers use their professional knowledge to create lesson plans. The 

implementation of these lesson plans and teachers’ reflection upon it leads to their refinement 

(Shavelson & Stern, 1981). Lesson plans that worked as expected are endorsed; lesson plans that 

did not work as expected will be most likely adopted in future lesson planning. With the time, 

successful lesson plans develop into scripts that teachers can readily draw on during instruction 

(Shavelson, 1986). During the development of lesson plans into scripts teachers not only reflect 

their professional knowledge. They also combine their professional knowledge with their beliefs, 

motivation and self-regulation (Shavelson & Stern, 1981). So beliefs, motivation and self-

regulation as other aspects of professional competence are further factors influencing the scripts. 

The whole process of transformation of aspects of professional competence into scripts is shown 

in figure 1. 
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Figure 1. Transformation Model of Lesson Planning  

Scripts have to fulfill several criteria to support routinized action and lead to high instructional 

quality. It can be differentiated between formal criteria and functional criteria of scripts. Formal 

criteria characterize how routinized a teacher can act in special situations. Experienced teachers 

can retrieve scripts more easily. These scripts are also more concrete and highly linked to other 

decisions which need to be made during lesson planning (Borko & Livingston, 1989; Zahorik, 

1975). Functional criteria are closely related to quality of instruction: Scripts should be 

appropriate to the antecedent conditions (student ability, school environment), because otherwise 

teachers have to modify their decisions during teaching (Shavelson & Stern, 1981). Furthermore, 

the decisions for the lessons should be coherent. Additionally, teacher´s scripts should allow a 

cognitive activation of the students. These criteria of scripts can be used to describe the quality of 

scripts.  

In the study presented here we seek to answer the following research question:  

To what extent does teachers’ professional competence influence the quality of scripts? 

 

METHODS 

In order to investigate how professional competence influences the quality of scripts an online 

questionnaire was developed and administered to a sample of students, inservice-teachers and 

teachers (N=148). The questionnaire consisted of two parts. In the first part professional 

knowledge, beliefs, motivation as well as self-regulation of the respondents was assessed; in the 

second the quality of respondents’ scripts was investigated.  

Professional competence was assessed utilizing instruments developed in previous research: 

content knowledge (Hestenes, Wells & Swackhammer, 1992), pedagogical content knowledge 

(Kröger, Petersen & Neumann, 2012), values for lesson planning (Lipowsky, Rakoczy, Buff, & 

Klieme, 2005), self-efficacy (Baumert, 2009), enthusiasm (Baumert, 2009), constructivist beliefs 

(Seidel, Prenzel, Duit and Lehrke, 2006) and self-regulation (Schwarzer & Jerusalem, 1999). 

To investigate the quality of the scripts, we developed a questionnaire based on planning 

vignettes and an adaptive testing. All planning vignettes focus on lesson planning for mechanics 
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in the 9th grade. After each planning vignette the respondent had to answer questions in the order 

shown in the following flowchart (s. figure 2). The respondent was asked in which planning area 

(Content, Objective, Methods…) he decides first during preparing the lesson. Afterwards the 

respondent was asked if he or she can spontaneously say what to implement in the lesson 

according this planning area. If the respondent could not, he or she was asked about a potential 

idea. During this sequence of questions, the respondent also had to specify if he or she would 

consider a second planning area in his decision.  

 

 

Figure 2. Flowchart of the questionnaire 

 

Two different response types were used in this questionnaire: A close response format and an open 

response format.  The questions with the closed format had “yes” or “no” as answering options. 

These questions were used to assess the retrievability (a) and the dependency of decisions (b). A 

respondent received one point when answering “yes” and zero points, when answering “no”. To 

assess the concreteness, the appropriateness, the coherence and the cognitive activation of a script 

questions with an open response format (c) and a rating were used. The rating evaluates whether 

each feature applies (2 points), partially applies (1 point) or does not apply (0 points). The 

interrater reliability for concreteness (κ=0.64), appropriateness (κ=0.71), coherence (κ=0.66) and 

cognitive activation (κ=0.66) are in a moderate to good range.  

 

The reliabilities of scales measuring the quality of scripts can be seen as adequate: retrievability (α =0 

.76), dependency of decisions (α =0.63), concreteness (α =0.62), appropriateness (α =0.69), 

c a 

b b 

c 

c 

c 
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coherence (α =0.62) and the cognitive activation (α =0.70) of scripts of a teacher can be seen as 

adequate. The reliabilities of the scales measuring professional competence are in a moderate to 

good range: pedagogical content knowledge (α=0.67), content knowledge (α =0.68), values for 

lesson planning (α = 0.79), self-efficacy (α = 0.72), enthusiasm (α = 0.74); constructivist beliefs 

(α = 0.78) and self-regulation (α = 0.79). 

 

RESULTS 

We investigated the extent to which professional competence influences the quality of scripts 

using Structure Equation Modeling (SEM). With SEM we were able to combine the observed 

constructs of aspects of professional competence to model the latent factor of professional 

competence. Simultaneously we could analyze the influence of professional competence on the 

quality of scripts. We assumed that all characteristics of teachers represent manifest indicators of 

the latent factor of professional competence. We also assumed that the quality of scripts is 

represented in the same way by the formal and functional criteria of scripts. The initial model 

showed a non-adequate fit (χ²(64) = 84.75, p=0.04; CFI = .83; TLI = .79; RMSEA = .046; SRMR 

= .09). As a consequence we gradually removed non-significant paths. We also found a strong 

direct effect between the enthusiasm of teachers and the retrievability of scripts (β=0.41, 

p<0.005). So we included a direct path between enthusiasm and retrievability of scripts. The fit 

of the resulting model (see Figure 3) was found to be considerably better (χ²(25) = 25.23 

p=0.45; CFI =0.99; TLI =0.99; RMSEA =0.01; SRMR = 0.07). The results of the SEM-Model 

based on these restrictions of the initial model are shown in figure 3. 

 

 

Figure 3. SEM-Modell: Influence of professional competence on the quality of scripts 
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DISCUSSION AND CONCLUSION 

In the study presented here, we investigated to which extent professional competence influences 

the quality of scripts. Our findings show that aspects of professional competence and features of 

scripts can be measured objective and reliable with the instruments used in this study. However, 

the results also show that not all aspects of professional competence represented the construct in 

the same way. In our study professional competence was formed by the following aspects: 

pedagogical content knowledge, enthusiasm, self-efficacy and self-regulation. Although we 

hypothesized that content knowledge, constructivist beliefs and values of lesson planning were 

aspects of professional competence too, they did not contribute to professional competence in the 

same way the other constructs did. We also found that pedagogical content knowledge predicted 

the professional competence less than enthusiasm, self-efficacy and self-regulation. This 

indicates that pedagogical content knowledge is not the most important factor for the quality of 

scripts. Given the focus on pedagogical content knowledge in current science education research, 

these are surprising findings which need further investigation in future studies. Our results also 

show that quality of scripts can be measured by retrievability, dependency, concreteness, 

coherence and activation. Only appropriateness does not seem to contribute to the quality of 

scripts. We found a notable direct influence of enthusiasm on retrievability. This may indicate 

limited validity: Teachers with high enthusiasm may be more determined to complete the 

questionnaire. By answering the question, which measured retrievability, with “yes” teachers 

have to answer more questions as if they answer with “no”. So the influence of enthusiasm on 

retrievability can be an effect of the questionnaire. To investigate whether the effect of 

professional competence on the retrievability depends mostly on enthusiasm we inserted the 

direct path between enthusiasm and retrievability in the model. However, even after inserting this 

path the influence of professional competence on the quality of scripts remains (γ =.50, p<.05).  

We developed a new instrument to measure the quality of scripts. Previous studies analyzing 

lesson planning and scripts use interviews and think alouds. These studies analyzed the quality of 

scripts based on small samples and none of those studies analyzed relationships between 

teachers’ characteristics and the quality of scripts. Our instrument was developed to measure the 

quality of scripts in a larger sample-size than previous studies were able to do. We were also able 

to analyze the influence of professional competence measured by teachers’ characteristics on the 

quality of scripts. With the study presented here we could show that professional competence has 

an influence on the quality of scripts. This supports the assumption, that the quality of scripts can 

be seen as a mediator between professional competence and the quality of instruction. To 

investigate this assumption further research is needed. It would be essential to measure the whole 

functional sequence from professional competence over the quality of scripts to the quality of the 

lessons. In the long term, we seek to understand, how we can help students or preservice-teachers 

to develop scripts with high quality which they can use in their lessons. From our findings, it 

seems that enthusiasm, self-efficacy, self-regulation and pedagogical content knowledge need to 

be more equally focussed in science education research and science teacher training. However, 

further research is required to validate our findings, for example for different content areas. 

 

 

 

 

Strand 14 In-service science teacher education, continued professional development

2674



REFERENCES 
Baumert, J. (2009). Professionswissen von Lehrkräften, kognitiv aktivierender 

Mathematikunterricht und die Entwicklung von mathematischer Kompetenz (COACTIV): 

Dokumentation der Erhebungsinstrumente. [Teachers’ professional knowledge, cognitive 

Activation in the classroom and student Progress (COACTIV): Documentation of assessment 

instruments] Berlin: Max-Planck-Inst. für Bildungsforschung. 

Baumert, J., Kunter, M., Blum, W., Brunner, M., Voss, T., Jordan, A., et al. (2010). Teachers' 

Mathematical Knowledge, Cognitive Activation in the Classroom, and Student Progress. 

American Educational Research Journal, 47(1), 133–180. 

Borko, H., & Livingston, C. (1989). Cognition and Improvisation: Differences in Mathematic 

Instruction by Expert and Novice Teachers. American Educational Research Journal, 26(4), 

473–498. 

Borko, H., Roberts, S. A., & Shavelson, R. J. (2008). Teachers' Decision Making: from Alan J. 

Bishop to today. In A. J. Bishop, P. C. Clarkson, & N. C. Presmeg (Eds.), Critical issues in 

mathematics education. Major contributions of Alan Bishop (pp. 37–67). Springer. 

Hattie, J. A. C. (2010). Visible learning: A synthesis of over 800 meta-analyses relating to 

achievement (Reprinted.). London: Routledge. 

Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force Concept Inventory. The Physics 

Teacher, 30, 141–158. 

Lipowsky, F., Rakoczy, K., Buff, A., & Klieme, E. (2005). Dokumentation der Erhebungs- und 

Auswertungsinstrumente zur schweizerisch-deutschen Videostudie "Unterrichtsqualität, 

Lernverhalten und mathematisches Verständnis".[Documentation of assessment and 

evaluation instruments of the swiss-german videostudy „Quality of instruction, learning and 

understanding of mathematics]. Frankfurt am Main: DIPF. 

Schwarzer, R., & Jerusalem, M. (1999). Skalen zur Erfassung von Lehrer- und Schüler-

merkmalen: Dokumentation der psychometrischen Verfahren im Rahmen der wissenschaft-

lichen Begleitung des Modellversuchs Selbstwirksame Schulen.[ Scales for the assessment of 

teacher-and student characteristics: Documentation of the psychometric procedures to 

monitoring of the pilot “Self-Effective Schools”]. Berlin: Freie Universität Berlin. 

Seidel, T., Prenzel, M., Duit, R., & Lehrke, M. (2006). Technischer Bericht zur Videostudie 

„Lehr-Lern-Prozesse im Physikunterricht“. [Technical report of the video-study „Teaching 

and learning processes in physics instruction]  Kiel: Leibniz-Institut für die Pädagogik der 

Naturwissenschaften. 

Shavelson, R. J. (1986). Toma de dicision interactive: alungas reflexiones sobre los procesos 

cognoscitivos de los profesores [Interactive decision making: Some thoughts on teacher 

cognition]. In Angulo L.M.V. (Ed.), Pensiamentos de los profesores y toma de decisiones. 

Servicio de Publicaciones. 

Shavelson, R. J., & Stern, P. (1981). Research on Teachers' Pedagogical Thoughts, Judgments, 

Decisions, and Behavior. Review of Educational Research, 51(4), 455–498. 

Zahorik, J. A. (1975). Teachers' planning models. Educational Leadership, 33(2), 134–139. 

Strand 14 In-service science teacher education, continued professional development

2675



INQUIRY BASED SCIENCE EDUCATION 

IN CONTINUAL PROFESSIONAL DEVELOPMENT 

PROGRAM OF IN-SERVICE TEACHERS 

 

Katarína Kotuľáková and Mária Orolínová
 

Faculty of Education, Trnava University, Slovakia 

 

Abstract: Theory of science education reacts to findings and recommendations about 

the way science content should be presented to students. Constructivist background of 

learning is an essential part of pre-service science teacher education at our institution. 

In society with still a very traditional predominantly transmissive way of teaching we 

also offer an accredited program for in-service science teacher professional 

development (CPD) focusing on inquiry based science education.  

The paper presents first outcomes, assessment and evaluation of in-service teachers 

after their experience with implementing inquiry based teaching in their classes in a 

school system where infrastructure and legislatives are not really prepared for it and 

are not supportive. They analyze a level of competencies they and their students 

gained and also an overall effect of this way for teaching and learning. 

Questionnaires with 5-level Likert scale were distributed. Statements in a 

questionnaire were based on IBSE principles and priorities stated in European 

strategic material. We worked with 25 science teachers (chemistry, physics, biology) 

teaching at lower secondary level (ISCED 2A) with various length of teaching 

experience (from less than 5 to 20 years).  

Positive evaluation done by teachers containing immanent features of IBSE confirms 

that the goal of the CPD program was met. Results show that teachers are aware of 

benefits which concentrating on a process of learning IBSE brings. We see it as an 

essential step in order to overcome rigid and traditional approach to science education 

in the country.  

Keywords: inquiry based science education (IBSE), continual professional 

development (CPD) 

INTRODUCTION 

To understand today world and to be prepared for challenges of the 21st century, it is 

essential that all students have sufficient knowledge and skills in many areas. One of 

them is also science. Studies suggest that high-quality teaching can make a significant 

difference in student learning. The scientific literacy is also the result of the way 

science is taught at schools. Deductive – traditional way of teaching leads to a loss of 

interest in science among students and consequently to low scientific literacy. It 

expects from students only memorizing and using the knowledge in typical school 

situations. 

A high-quality science teacher work requires meaningful and ongoing pre-service 

preparation and also necessary continual professional development programs for in-

service teachers.  
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INQUIRY BASED SCIENCE EDUCATION AS  

A SUITABLE OPTION 

Declining interest in science among young people induced European commission to 

examine practice at schools and consequently initiatives which could bring a radical 

change in that area. Rocard report (Rocard, 2007) among others pointed out that 

deductive science teaching pedagogy should be reversed to inductive way which is 

represented also by inquiry based approach to science content. At that time already 

existing initiatives on European level, POLLEN (2006), Nucleus (2004), SINUS – 

TRANSFER (2003), implemented inquiry methods (IBSE) without any drastic change 

of curriculum and content and showed increased interest in science among students. 

IBSE stresses on importance of presenting the whole concept about studied 

phenomenon by active students’ involvement, by doing their own research and 

answering their own questions.  

Teachers as key players 

Rocard report identified teachers as key players in the renewal of science education as 

the approach does not necessarily require a change of curriculum or a content which is 

taught. Rocard pointed out that avoiding inquiry based teaching stems mainly from 

insufficient teachers’ preparation in particular science field, in little knowledge about 

scientific methods and history of science.  

Recommended transfer in a way of teaching is also connected with what Luft and 

Roehring (2007) identify as teachers’ beliefs. It is defined as individual personal 

construct which effects teaching, management of a classroom, methods used, etc. 

There is still certain inconsistency in literature which oscillates between clearly 

defined term in psychology, attitude, and more broadly perceived category including 

also knowledge and experience of teachers.  

Research determines traditional and constructivist beliefs as the most common 

categories. Teachers in the traditional category perceive teaching science as 

transferring knowledge from the teacher or textbook to students, learning science is 

seen as acquiring or reproducing knowledge from credible sources (Prawat, 1992; 

Howard, McGee, Schwartz & Purcell, 2000). 

For successful learning science, students, first, need to memorize relevant scientific formulas 

and definitions (Tsai, 2002). 

Laboratories are used to obtain the confirmed facts or to visualize a concept (Tsai, 2003). 

Before conducting the laboratory work, the teacher explains the processes of the experiment. 

The only purpose of school laboratory work is seen as to help students memorize the scientific 

truths (Tsai, 1999). 

On the other hand, the teachers in the constructivist category perceive science as the 

way how to help students to construct knowledge, how to learn science through 

creating new understandings for them (Roehring & Luft, 2004). Teacher is 

characterized by features as negotiating of understanding of key ideas with students; 

implementing student-generated investigations; leading students to reconstruct how 

evidence has been used to formulate scientific ideas; utilizing of student-centered 

methods such as group work, concept mapping, writing to represent ideas; and using 

of multiple forms of assessment that integrate with instruction (Adams, Krockover, 

1997). 
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Transitive category of beliefs among teachers is expressed by dual ideas in teaching 

science. While teachers appreciate constructivist teaching approach suggested in 

science program, the physical conditions prevent the realization of these beliefs.  

Teachers’ self-efficacy is a specific aspect of science education attitudes and is seen 

as the belief that one is competent and capable as a teacher to perform in a certain 

manner to attain a certain set of goals. It affects the way teachers proceed in the 

classroom and it is related to their motivation and effort to develop their teaching 

competencies (Bandura, 1997). It consequently contributes to students’ motivation 

and results (Liang, Richardson, 2009).  

Implementation of IBSE in Slovakia 

Two-level curriculum in Slovakia (state requirements transferred and adapted by 

particular schools) gives the option to concentrate not only on amount of presented 

information but also on the process of learning. On the other hand, curriculum 

documents, e.g. standards, textbooks etc. do not reflect recommendations and 

requirements of European commission and still focus on quantity in teaching and 

learning. One of plausible alternatives in this inconsistent situation seems to be IBSE. 

Long-term experience of our educational institution in constructivist approach to 

science teaching (also involvement in projects FAST (2012), POLLEN (2013), LA 

MAIN À LA PATE (1996), FIBONACCI (2013), PRI-SCI-NET (2013)) enabled us 

to offer accredited continual professional development program for in-service 

teachers. In one year long course (meetings twice a month), we focused on work with 

pupils’ preconceptions and misconceptions, theoretical constructivist background, 

setting inquiry situations, different ways of inquiry and their structures, ways of 

communication about results (final reports with charts, diagrams etc.), etc. (Tab. 1). 

Attending the course and having opportunity to work with their own students at the 

same time gave teachers chance to analyze teaching moments which happened in 

classrooms during inquiry. Without these skills, qualitatively poor or insufficient 

guidance for students and feedback might be offered during the discovery process, 

which is both less effective and less efficient.  

Table 1 

Design of CPD program focusing on IBSE 

Part 1 Part 2 

Theory background Open lessons  

 history of science education and clarification of approach changes 

toward teaching science in time, 

 constructivist concepts, working with children’s previous 

knowledge,  

 research methods, 

 principles of IBSE.  

 teachers 

teaching in 

their own 

classrooms (at 

least 3 open 

lessons) 

 visit 3 open 

lessons of a 

colleague, 

 analysis and 

discussions 

about the 

lesson 

Practical part 

 creating of stimulating situations, 

 pointing out an importance of surrounding environment, 

 questioning skills, 

 practical activities with designed topics, 

 problematic of using suitable equipment and tools,  

 preparation of a guide for a student (worksheet). 
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We organized workshops where teachers did their own inquiry. The course had 110 

hours which gave enough time for trainers and lectures also to visit teachers’ own 

classrooms and see them teaching. One of important goals of the course was to enable 

teachers to transfer content they teach into inquiry setting as often as possible and to 

gain particular competencies in order to guide the inquiry process.  

ANALYSIS OF TEACHERS’ ATTITUDES TOWARD IBSE 

As a self-evaluation process of teachers participating in the course and in order to 

assess the CPD program in the light of European strategy we asked for a feedback 

about quality teachers saw in the offered course. They were to indicate if they saw 

opportunities to gain or improve certain competencies and science process skills 

important for inquiry teaching (impact 1). Teachers were asked to analyze their 

teaching practice concerning actually using inquiry approach in their teaching practice 

(impact 2). Finally, they analyzed impact on their students (impact 3). A questionnaire 

with 5-level Likert scales monitoring all 3 impacts was used (Tab. 2).  

Table 2 

Analysis of teachers’ attitudes toward IBSE  

(examples from the questionnaire) 

Teacher’s  

competencies 

(Impact 1) 

Teaching  

practice 

(Impact 2) 

Teacher’s influence  

on student 

(Impact 3) 

As a teacher I think 

that the course: 

has helped me to… 

has given me 

confidence to... 

As a teacher I think that the 

IBSE course has helped me in 

my teaching to…. 

As a teacher I think that the 

use of inquiry based science 

has helped my students to… 

link science learning to 

everyday experiences 

and applications in life  

facilitate students’ integrating 

new knowledge into already 

acquired basic knowledge.  

stimulate the interest and 

motivation of students for 

learning mathematics, science 

or technology 

encourage students to 

plan their own 

investigations  

enhance interdisciplinary 

teaching with other colleagues 

in my school 

facilitate more autonomous 

learning of students at their 

own pace and speed 

help students to 

generalize from 

observations and 

results  

strengthen cooperation 

between my school and 

companies, museums, science 

centers, NGOs etc.  

enable students to find 

different ways to solve 

problems, to transfer acquired 

knowledge to new problems 

etc.  

encourage students to 

try to analyze their 

mistakes  

help me to develop a real task 

culture in the classroom 

stimulate students’ team work 

or team-building skills  

use different 

assessment methods  

stimulate my motivation for 

teaching  

develop students’ ability to 

use appropriate mathematical, 

technological or scientific 

methods 

Strand 14 In-service science teacher education, continued professional development

2679



A coefficient of internal consistency of the instrument (Cronbach’s alpha) was 

0.830792 which was good.  

Statements in a questionnaire were based on IBSE principles and priorities stated in 

European strategic materials and monitored inquiry-based science teaching 

competency elements and domains. Monitored impacts in the questionnaire 

corresponded with teacher competence profile described in Table 3.  

Table 3 

Teachers’ inquiry-based science teaching competence profile  

(comp. Alake-Tuenter, 2013) 

Subject matter knowledge (SMK) Pedagogical content knowledge (PCK) 

(SMK 1) Knowledge of facts and 

concepts about scientific phenomena. 

(SMK 2) Understanding of science 

process skills  

(PCK 1) Knowledge and adaptation of 

curriculum in the classroom 

(PCK 2) Scaffolding inquiry in a classroom – 

instructional strategies 

(PCK 3) Evaluation and assessment 

(PCK 4&5) Attitudes and beliefs about 

science, science teaching and pupils’ 

understanding science 

Teachers’ SMK strengths and weaknesses significantly impact their classroom 

practices (Luera, Moyer, Everett, 2005). Compared to teachers with strong science 

SMK, teachers with weak SMK teach less science and choose paper-and pencil 

exercises more often than inquiry-based science didactics (Kim, Tan, 2011). Strong 

SMK is necessary but not sufficient for effective teaching. Teachers also need 

knowledge that blends subject matter and pedagogical knowledge (Avraamidou, 

Zembal-Saul, 2010; Davis, 2006). Therefore, the transformation of SMK into 

pedagogical content knowledge is a significant focus in teacher education. 

Well-developed PCK supports teachers to better align the curriculum content with 

pedagogy so that the content might be better understood by pupils (Nilsson, 

Loughran, 2011).  

RESULTS 

We worked with 25 science teachers (chemistry, physics, biology) teaching at lower 

secondary level (ISCED 2A) with various length of teaching experience (from less 

than 5 to 20 years).  

Results we obtained from the questionnaire show normal distribution in all 3 impacts 

(p-values in Shapiro-Wilk test of normality are higher than chosen alpha level which 

was 0.05).  

Positive correlations (statistical significance) were confirmed between all three 

impacts. However, there were confirmed statistically different attitudes of in-service 

teachers to effect of CPD program on teachers’ competences that they identified in the 

CPD program and therefore they could gain (impact 1) in comparison to the effect of 
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the course on teaching practice itself (impact 2) or teachers’ influence on students 

(impact 3) (t = 2.31927, p = 0.03; t = 2.72201, p = 0.01) (Tab. 4, Fig. 1).  

Histograms (Fig. 2 and 3) present teachers’ evaluation of how CPD program focusing 

on IBSE influenced their teaching and what effect they saw in their students. 

Table 4 

Effects of CPD program according to teachers’ attitudes (correlations, t-test) 

impact mean st. dev. correl. dif. t p 

(2) teaching practice 3.705512 0.639344 
0.8994 0.136401 2.31927 0.03 

(1) teachers’ competences 3.569112 0.537023 

(3) teacher’s influence  

on student 
3.856471 0.703692 

0.6976 0.287359 2.72201 0.01 

(1) teachers’ competences 3.569112 0.537023 

(3) teacher’s influence  

on student 
3.856471 0.703692 

0.8287 0.150958 1.81950 0.08 

(2) teaching practice 3.705512 0.639344 

 

 

Figure 1. Effect of CPD program (t-test) 

  

Figure 2. Effect of CPD program  

on students assessed by teachers 

Figure 3. Effect of CPD program  

on teachers assessed by teachers 
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As teachers indicated, the strongest effect of inquiry approach to science was in 

stimulating their students’ motivation and interest in learning. Teachers recognized 

improvement in their communication and cooperation, planning skills, inferring, 

deducing, generalizing and using their prior knowledge. Students connected learning 

with their everyday experience more often. They were able to evaluate the procedure 

and results they gained, identify possible mistakes and inaccuracy as well as learn 

from their own mistakes. Their records were becoming more meaningful.  

Teachers admitted that they became more aware of individual needs of their students. 

They became more confident and open minded. Inquiry approach also required more 

cooperation among teachers and cross-disciplinary approach.  

As the answers match normal distribution (W = 0.93213, p = 0.12; W = 0.97748, p = 

0.86) in according to Shapiro-Wilk test, the t-test could be used to determine if 

teachers’ attitudes towards effect of CPD program on their competencies (impact 1 

and 2) were significantly different from teachers’ attitudes towards effect of CPD 

program on students (impact 3). According to results (t = 4.136879, p = 0.000432), 

teachers confirmed positive effect of CPD in both cases (teachers and students) but 

there was a significant difference in effects of CPD on themselves in comparison to 

the effects on students. Teachers identified a positive effect caused by a different 

approach (IBSE) more significant for their students (Fig. 4, Tab. 5).  

 

Figure 4. Effect of using IBSE seen on students and teachers according  

to teachers attitudes 

 

Teachers identified also areas where they did not notice any change or change would 

be too difficult to make. They did not see a special need for advising girl students to 

pursue career in science. It seems that the society has not been sensitive to this issue 

yet. Also, teachers lack cooperation among students from different classes or schools 

in their learning process. Organizing of school days does not give too many 

opportunities to change schedule or ways of learning. Cooperation among teachers 

themselves, school and scientists, companies and other organizations is absent, too. 

Teachers have not noticed any change in the way they evaluate and assess learning 

process. It is still dominantly summative assessment.  
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Table 5 

Teacher’s influence on students (impact 3) 

Helped to: Helped very much to: 

 develop an ability to proceed according to inquiry 

principles, 

 point out to pupils’ own mistakes and learn from them, 

 get basic information about science concepts, 

 integrate new knowledge to the previous known one, 

 combine different aspects of studied phenomenon thanks 

to interdisciplinary approach,  

 improve formulating one’s thoughts, arguments and 

discussions, 

 improve language skills, 

 improve critical thinking, 

 strengthen pupils’ (girls and boys) interest in science, 

 support pupils autonomy in learning, 

 improve terminology,  

 improve work with ICT, 

 learn for the future.  

 stimulate interest and 

motivation in science 

education, 

 find different ways to 

solve a problem, 

 to use prior knowledge 

in solving a new 

problematic situation, 

 connect learning with 

pupil’s everyday 

experience, 

 stimulate a team work,  

 improve pupil’s ability 

to present results.  

 

We analyzed the answers taking into consideration teachers’ inquiry-based science 

teaching competence profile. Teachers expressed a positive evaluation of CPD 

program in regards to professionalizing their work in a classroom (Fig. 5). Still not a 

big progress in their personal capabilities was admitted in comparison to pupils’ 

progress (Fig. 4). However, this positive impact of CPD program wouldn’t be 

possible without improving teachers’ competences as well. 

 

Figure 5. Review of teachers’ inquiry-based science teaching competence  

profile in CPD  

Positive evaluation done by teachers containing immanent features of IBSE confirms 

that the goal of the CPD program was met. Results show that teachers are aware of 

benefits which concentrating on a process of inquiry approach to science learning 
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brings. We see it as an essential step in order to overcome rigid and traditional 

approach to science education in the country.  

CONCLUSIONS 

There is an agreement in the area of in-service teachers and their continual 

professional development. There is empirical evidence as well, about what constitutes 

quality for professional development for science educators. As we proceed with our 

professional development program, some points have to be made and some emphasis 

stressed. We need to focus on all kinds of collaboration and set the ways how 

students, teachers or schools with community can meet. There are several ongoing 

initiatives especially in effort to set teachers’ networks and considerable time has to 

be spent on evaluating and assessing process of students’ inquiry.  
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Abstract: The Mallow Schools Project in Science and Mathematics is led by the National 

Centre for Excellence in Mathematics and Science Teaching and Learning (NCE-MSTL) in 

partnership with the Mallow Development Partnership (MDP) and the Mallow primary level 

and second-level schools.  

Mallow is a town in the Republic of Ireland, which has suffered greatly in the economic crisis 

since 2008.This is a four year project which started in October 2010 and in the long term, 

aims to contribute to the future economic success of the Mallow district; maximising the 

attractiveness of the area as a location for knowledge intensive industries. 

The first phase of this Schools Project involved professional training and support for Mallow 

primary and second-level teachers of Mathematics and Science through the delivery of 

Continued Professional Development (CPD) workshops developed from research. A variety 

of workshops were delivered for primary and second-level teachers.  The workshops were 

focused on teachers’ needs. The aim of these workshops was to develop teachers’ expertise in 

subject and pedagogical content knowledge.  

The second phase of this project currently involves developing a community of practice 

between the Mathematics and Science teachers across the region. The NCE-MSTL is 

supporting a self-sustainable network for on-going development of Mathematics and Science 

education once the formal Mallow Schools Project ends.   

Six Lead Mathematics teachers and five Lead Science teachers from five second-level 

schools in the Mallow region are involved in this second phase. In this phase, the NCE-

MSTL Team, with support from the school principals and MDP, are working closely with 

these Lead Teachers to facilitate them in developing CPD sessions for their fellow 

Mathematics and Science teachers. It is envisaged that these Lead Teachers will continue the 

role of delivering CPD and targeting issues important to the teachers as well as areas of 

national priority in Science and Mathematics education.  

 

Keywords: Second-Level Teachers, CPD, Community, Science 
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INTRODUCTION  

This paper provides a summary of the MDP project and its developments at second-level with 

a particular focus on the activities with the participating Science teachers. This innovative 

four year project started in October 2010 and is led by the NCE-MSTL in partnership with 

the MDP Group and primary and second level schools in the Mallow region. In total, five 

second-level schools and 16 primary schools are involved. . The overall project aims to 

contribute to the future economic success of the Mallow district; maximising the 

attractiveness of the area as a location for knowledge intensive industries. By improving the 

achievement levels and uptake of Science and Mathematics in the primary and second-level 

schools, it is envisaged that Mallow will be established as a flagship for innovations in 

teaching and learning of Mathematics and Science.  

The Mallow Schools Project has a number of aims: 

(i) To improve the achievement levels of Mathematics and Science at primary and 

second level 

(ii) To increase the uptake of Mathematics and Science at all levels 

(iii) To establish Mallow as a flagship location for innovations in teaching and 

learning in Mathematics and Science. 

The first phase of the Mallow Schools Project involved professional training and support 

teachers through the delivery of Continued Professional Development (CPD) workshops 

developed from research by the NCE-MSTL Team.  These workshops were focused on the 

topics identified by the teachers. The aim of these workshops was to develop teachers’ 

expertise in content and pedagogical knowledge.  

The second phase of this project involves the development of a community of practice 

between the teachers across the region. The teachers are working with the continued support 

of the NCE-MSTL team to develop and deliver CPD for their fellow science teachers. The 

topics and content for the self-developed CPD were selected with guidance from their fellow 

Science teachers. The Lead Teachers firstly sought feedback from their colleagues about 

specific topics that were challenging to teach. They then collected a range of innovative 

teaching ideas and resources from the teachers in each of their own schools to be shared in a 

CPD session for all science teachers in the Mallow region.   

This paper provides insight into the collaboration of the Science Lead Teachers with the 

Science team in NCE-MSTL in phase two of the four year project. The Mathematics teachers 

with the support from the NCE-MSTL are implementing a similar model during the project; 

however only the Science activity is discussed here. 

 

TEACHERS AS LEADERS 

The movement of teachers becoming leaders in their own learning and working in 

professional communities of practice has greatly developed  (Stoll et al. 2006). However, the 

idea of teachers as leaders and researchers is not novel, as the need for teachers to play an 

active role in their development was highlighted by Stenhouse almost 40 years ago 

(Stenhouse 1975).  

As outlined above; increasing the uptake and performance in Science and Mathematics are 

among the main aims of this project.  Research has shown that collaborative CPD can have a 

positive impact on both the teachers and learners. The positive impact on learners include 

enhanced motivation and performance (Cordingley et al. 2003). However, Frost and Durrant 
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(2002) caution that performance cannot be simply equated with test results. Another concern 

specified in the literature is that collaborative CPD should be focused on local and national 

issues (Hustler et al. 2003). 

Empowering teachers to develop their own CPD can contribute to the ‘re-professionalisation’ 

of the teaching community (Frost and Durrant 2002). Rather than providing ‘top-down’ CPD 

for teachers, the NCE-MSTL is facilitating the Lead Teachers’ development of their own 

CPD for fellow science and mathematics teachers.  

Figure 1. Partnership between Lead Teacher Team and NCE-MSTL to develop sustainable 

CPD.  

DEVELOPMENT OF SUPPORT NETWORKS 

A number of structures have been established to support the development of this shared 

community of practice. Firstly, at community level the MDP Group worked with the NCE-

MSTL in the running of  an annual Maths and Science Family Fair and of a Smart Careers 

Posters Competition for primary and second-level students. At school level, the school 

principals facilitated the release of the Science teachers for meetings and training with the 

NCE-MSTL. The role of the principal is critical to the success of the community of teachers 

working together (McLaughlin and Talbert 2001, Stoll et al. 2006). The school principal can 

foster a positive school culture that encourages  teachers to develop a community of practice.  

Frost and Durrant (2002) signified the importance of teacher ownership and leadership “as 

key to school improvement” (p.143). Due to the geographical location of the schools and the 

practicalities of day-to-day school life, it is not possible for the teachers in the different 

schools to meet regularly. For this reason, an online Google® community has been developed 

to facilitate the development of a virtual community of practice. It is hoped that both 

components (real and virtual) of the community of practice will complement each other and 

enable a continued network of communication between the teachers from the five schools and 

the NCE-MSTL.  

The NCE-MSTL have coined this collaboration between the five schools as the development 

of a ‘Mallow Staffroom’. Science and Mathematics teachers from any one of the individual 

schools can now communicate and work together. This network collegiality increases the 

pool of ideas and resources available for each individual (Hargreaves 2003).  

 

Reformation 
in Science 

Teacher CPD 

NCE-MSTL : 

Facilitate and 
Support 

 

Lead 
Teachers: 

Develop CPD 
for Fellow 

Science 
Teachers 
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TEACHER-LED CPD 

Developing a team of Science Lead Teachers  

In the first year (2012-2013) of Phase Two of the project, five Science teachers, one from 

each of the five second-level schools in the Mallow region worked together in the Science 

Lead Teachers Team. This Lead Teacher team included teachers specialising in biology, 

chemistry and physics. This team of Lead Science Teachers attended all of the planning 

workshops and delivered the teacher-led CPD.  

Delivery of Teacher-led CPD 

In May 2012, the principals from the five second-level schools agreed on suitable dates 

within the 2012-2013 academic year when their teachers would be released from school to 

attend planning and training meetings with the NCE-MSTL. The Lead Teachers met together 

with the NCE-MSTL for three planning meetings between October 2012 and January 2013.  

Initially, the NCE-MSTL team proposed a model for developing the teacher-lead CPD, and 

provided guidance to the Lead Teacher team throughout the project. At the first meeting, the 

Lead Teachers identified topics that they felt needed to be addressed in a CPD session that 

they would develop for their fellow Science teachers. A key element contributing to the 

teachers’ participation was a focus on topics and / or issues that are a priority to the teachers. 

In this way, the teachers are driven by their own needs (Vescio et al. 2008).  

It was decided that the teacher-led CPD session would be a showcase of innovative resources 

and teaching ideas from all Science teachers in the five second-level schools. Each Lead 

Teacher collected feedback from their peers detailing topics which their students find 

challenging. They also collected information and details of innovative ideas and teaching 

strategies. The NCE-MSTL team amalgamated and categorised this feedback from each of 

the Lead Teachers before the second meeting where the Lead Teachers discussed and decided 

on the topics to be addressed in the CPD session.  

Each Lead Teacher each took responsibility for a different topic in preparation for the CPD 

session. Each Lead Teacher was supported by specialists in each Science domain from the 

NCE-MSTL. 

The NCE-MSTL set up a Dropbox™ folder to facilitate sharing of materials and resources 

online between the Science Lead Teachers before the third planning meeting. The purpose of 

this forum was to allow each of the teachers to share and access resources e.g. PowerPoints, 

video clips, worksheets from the Science Lead Teachers in all five schools.  The NCE-MSTL 

compiled a resource booklet of all the ideas shared by the Science Lead Teachers. This 

resource booklet was then reviewed and edited by the Science Lead Teachers in the third 

meeting. The resource booklet was designed to supplement the teacher-led CPD in-service 

session. It included details of the innovative teaching strategies.  

The team of Lead Science Teacher delivered the Innovative Ideas for Teaching Science 

workshop. This dissemination of teacher-generated knowledge is an opportunity for teachers 

to gain a wider audience for their work and ideas which often remain within their own 

classroom (Holden 2002). This session was evaluated by the attending Science teachers.  
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The following are a sample of the responses from the attendees: 

“Good ideas for classwork, but also activities that could be used for an open night or 

science week” 

“Info regarding websites was very good plus role play instructions…” 

“The role play activity was very creative…..” 

 “Really liked the picture of the experiment on the page and the explanation- easily 

explained” 

“Most beneficial part: demonstration of the practicals” 

At the end of 2012-2013, the Lead Teachers reviewed the year’s work and proposed ideas for 

future CPD workshops.  

 

CHALLENGES 

In the academic year 2013-2014 the NCE-MSTL Team will continue to support and facilitate 

the Science Lead Teacher Team. This Science Lead Teacher Team will now include the Lead 

Teachers and five new partner teachers. In this manner, there will be two teachers from each 

school involved in developing and delivering the teacher-led CPD.  These ‘partner’ teachers 

have been identified in each school to facilitate the responsibilities and duties of the Lead 

Teacher. It has been recognised that leadership cannot be the domain of just one individual, if 

it is to have an effect on school culture (Stoll et.al 2006). In the future, it is hoped that the 

Partner Teacher will take the role of the Lead Teacher with a new Partner Teacher coming on 

board. This cascading of responsibility opens up the possibility of all Science and 

Mathematics teachers becoming leaders at various times (Muijs and Harris 2006).  

There was positive feedback from the teachers that attended and delivered the teacher-led 

CPD in 2012-2013; however, the process of facilitating the reformation of CPD is not 

without its challenges.  

Many of the challenges identified in previous research (Muijs and Harris 2003) are recurring 

in the Mallow Schools Project: the complexity of school structures, limitation and demands 

on teacher time, availability of resources etc. The hierarchy of teachers’ needs (Piazza et al. 

2009) is a critical factor contributing their often sporadic motivation and participation in the 

community of practice.  Focus on assessment (state examinations) and mandatory coursework 

are often perceived as more pertinent short-term goals by the participating teachers. As 

facilitators in the reformation of teacher-led CPD, the NCE-MSTL is continually striving to 

find the balance of meeting the teachers’ needs within the complexity of a dynamic school 

culture.  

This short paper has illustrated some of the advantages of teacher collaboration in the Mallow 

Schools Project as well as recognising many challenges in facilitating this collaboration. 

However, it is important to signify that ‘working collaboratively is the process not the goal…. 

The goal is enhanced achievement’ (Vescio et. al 2008, p.89).  
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A SCHOOL-BASED PROFESSIONAL DEVELOPMENT 
PROGRAMME FOR SCIENCE TEACHERS: PARTICIPANTS’ 

REPORTS ON PERCEIVED IMPACT OVER TIME 
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1 Norwegian University of Science and Technology 
 
 
Abstract: In Norway, as in many other countries, there is a growing interest for school-based 
approaches to professional development which are sensitive to the context in which teachers 
work, and which are grounded in a coherent view of teacher learning and teacher 
professionalism. The present study focuses on how science teachers - who have taken part in a 
school-based professional development programme, perceive its impact, over time, on the 
growth of their professional skills and collaboration with colleagues. Science teachers from 
two schools participated in a one year school-based teacher professional development 
programme, under the guidance of mentors from the Norwegian University of Science and 
Technology. Subsequent focus-group interviews of these teachers form the basis of this study.  
From what teachers report, it seems possible to distinguish two effects of the programme on 
teacher development. Firstly, a direct effect on the teachers’ mode of teaching practice and 
secondly a more long term effects on the teachers’ ways of thinking about teaching science. In 
addition, we detected an effect on the teachers’ attitudes towards collaboration. We discuss 
this further, paying particular attention to how professional learning communities were 
formed and to what extent this seems to have contributed to the teachers’ professional growth.   
 
Key words: Teacher professional development (TPD), science teachers, school-based, 
professional learning communities  
 
 

INTRODUCTION  

In the past few years, there has been an increasingly perceived need for a teacher professional 
development approach that moves beyond mere acquisition of new subject knowledge and 
skills (Darling-Hammond & McLaughlin, 1995; Hewson, 2007; Vescio, Ross & Adams, 
2008). This shift is based on adoption of an expanded view of teacher learning and practice. 
Teacher professional development is about to become re-conceptualized; with perspective 
shifts  from knowledge to teaching practice, from one-shot trainings to learning that takes 
place over time, and from individual to collaborative learning (Ball & Cohen, 1999; Bell & 
Gilbert, 1996; Borko, 2004; Loucks-Horsley, Hewson, Lowe & Stiles, 1998; Marx, Freeman, 
Krajcik & Blumenfeld, 1997, Putnam & Borko, 2000; Watson & Manning, 2008).  

The existence of a marked gap between traditional approaches (which seem to fail to meet the 
needs of science teachers), and newer approaches, is a view supported by several others 
authors, such as Bybee and Loucks-Horsley (2000) and Ostermeier, Prenzel and Duit (2010). 
Tylter (2007) distinguishes between a traditional “skills and knowledge approach” and 
professional development approaches which are more sensitive to the context in which 
teachers work, and which are grounded in a coherent view of teacher learning and teacher 
professionalism. The perspective of a coherent view of teacher learning is also taken by Opfer 
and Pedder (2011), who based on their comprehensive review of current literature in the field 
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of teacher professional growth, describe teacher learning as a complex system, involving 
systems within systems.  

Several authors have pointed out the importance of professional development being based on 
a perspective of situated learning (Borko, Jacobs & Koellner, 2010; Putnam & Borko, 2000; 
Ostermeier et al., 2010). We speak about situated learning when the teachers’ learning and 
professional development is situated in their own practice, as close as possible to their daily 
work, their own teaching, their own classes and their own students’ learning.  
 
Another important aspect is a shift towards school-based approaches, where teachers in the 
same school engage in collaborative inquiry; they work in partnerships and support and learn 
from each other. Teachers working together with a focus on improved learning and teaching, 
and to generate new professional knowledge, may form what is called professional learning 
communities (Harris & Jones, 2010). Bolam, McMahon, Stoll, Thomas and Wallace (2005) 
describe professional learning communities as communities in which teachers in a school and 
its administrators continuously seek and share learning, and act on their learning. 
Furthermore, supportive leadership and school management is necessary for professional 
learning communities to be effective (Robinson, Lloyd & Rowe, 2008).  
   

THE PRESENT STUDY  

The Resource Centre for Mathematics, Science and Technology Education at the Norwegian 
University of Science and Technology has since 2008 been engaged in the development of a 
one-year school-based professional development programme for science teachers in 
secondary schools. Our TPD programme is conducted within a set of principles, chosen on the 
basis of current knowledge on effective teacher professional development, as briefly 
described above, and on the basis of years of experiences from working with science teachers.  

In brief, the programme is based on the following key principles: (i) teachers’ learning is 
situated in their own school and teaching practice; (ii) teachers are stimulated to reflect on and 
further develop their own teaching practice, rather than being told by external experts that 
they need to change their practice, (iii) teachers’ learning is grounded in collaborative inquiry, 
and (iv) the professional development programme is externally supported and guided. 

 
RESEARCH QUESTION AND METHOD 

In this study our focus is on the impact over time of science teacher participation in the 
school-based professional development programme . The research question explored is “How 
do teachers who previously participated in the teacher professional development program 
perceive the impact over time on their professional growth?”  

The study is conducted within the framework of a qualitative approach - based on fieldwork. 
Focus-group interviews were performed with science teachers from two schools, who had 
previously participated in the TPD programme.  

The possible main outcomes of this study may simply be illustrated in Table 1. Positive 
impact is indicated by +, while – indicates that there is no impact. 
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Table 1               

Predictions for possible outcomes of the study. 

Possible 
outcome 

Impact reported by teachers at the end 
of the TPD programme  

Impact reported by teachers one year 
(school 2) and four years (school 1) 
after the end of the TPD programme 

a - - 

b + - 

c + + 

 

 

DATA  

In this study we conducted focus group interviews with science teachers in two upper 
secondary schools. School 1 had been involved in the TPD program four years ago, while 
school 2 participated in the TPD program one year ago. In focus group interviews a number of 
informants are gathered to discuss various themes or focus` (Wilkinson, 2004, p. 177).  
 
At school 1 we interviewed five teachers, at school 2 seven teachers were interviewed. All of 
the teachers` who were interviewed, had previously participated in the TPD- programme. The 
impact of the program was measured at two levels, that of the individual teacher, and that of 
the school department as a collaborative community. Although some of the teachers also 
referred to a third level, the school as a community (see Figure 1), this was not focused on in 
this study.  
 

Table 2                 

The impact of the TPD programme at teacher level and science department level, as reported 
by the teachers of school 1 and school 2. 

Teachers’ reports                 School 1                     School 2     

Impact at the 
end of the 
TPD 
programme 

Impact four 
years later 

Impact at the 
end of the 
TPD 
programme 

Impact one 
year later 

Reported impact on 
teachers individual 
teaching practice 
 

+ + + + 

Reported impact on 
development of 
collaborative culture 
among science teachers 

+ + - - 
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Focus groups may generate spontaneous responses. Interaction between members of the group 
has a community forming aspect (Tjora, 2010, p. 18). This forms the basis for further 
interaction, socialization and development of standards. Furthermore, informants inspire each 
other and it is possible to reveal various aspects of the informants' experiences and points of 
view.  The experience of the focus group itself can be a source of new ideas and reflections 
(Brandth, 1996, p. 149).  

 

Table 3                 

The impact of the TPD programme as measured at two levels, in school 1 four years after the 
TPD programme, and in school 2 one year after the TPD programme, as reported by the 
teachers. 

 

Teachers at both schools report that the TPD programme had an impact on their teaching 
practice, both as a direct effect on their teaching and as an indirect effect on their thinking 
about science teaching. 
  

“I know what IBST is all about and I feel more confident about using IBST  in my own 
practice. I've also become more aware of what my colleagues do in their lessons, and 
this often inspires my teaching as well.” (Teacher at school 1) 
 
“I always try to think whether it is possible to use IBST in the courses I teach. I am 
more confident with this method now than earlier.” (Teacher at school 2) 
 

According to the teachers, these effects are long-lasting. Several of the teachers pointed out 
that the TPD programme has a school development aspect: it led to a stronger culture for 
collaboration among science teachers. At school 1, this effect was clearly visible at the end of 
the TPD programme and, even after four years.  At school 2, such an effect was not clearly 
visible.  

“It is positive that teachers in the science department share a mutual understanding of 
IBST. This makes it easier to find common solutions to the challenges we need to 
solve.” (Teacher at school 1) 

      School 1       School 2 

                  Individual teacher 
• Increased knowledge about IBST 
• Increased interest in literature on natural science 
• Implemented IBST in practice 

      Community of practice 
• Collaboration in the science department 
• Shared understanding of IBST 

      Community of practice 
• No collaboration in the science department 
• No shared understanding of IBST 
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“We do not have the resources to get organized in such a way that we can focus on 
learning from each other. The daily tasks of school life give little room for reflection, 
together with colleagues, unfortunately.” (Teacher at school 2) 

 

DISCUSSION 

As mentioned by Bolam et al. (2005) and Harris and Jones (2010), the formation of 
professional learning communities is believed to play an important part in successful 
school- based professional development. In our discussion we will therefore pay particular 
attention to the development of learning communities and to what extent this seems to have 
contributed to the teachers’ professional growth. In our analysis of the results, we have 
chosen to divide the school as an institution into three different levels. This is illustrated in the 
bottom-up expansion model for professional development of teachers (Figure 1), where the 
individual teacher is in the center. The science department as a learning community is 
represented by the next level and the outer circle represents the school level.  
 
In our discussion we will focus on the inner and the middle levels. This study was too short to 
explore the influence of the TPD programme at the third and final level, the school level, as 
illustrated in the model’s outer circle (Figure 1). 
 

 

 

 

 

 

 

 

 

 

 

Figure 1. The bottom-up expansion model for professional development of teachers, 
illustrating different levels in school-based teacher professional development. 

 

Teachers reported that after the TPD-programme, they felt empowered to participate more 
actively and more autonomously in collaborative activities in the science department at their 
school.  
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Empowerment is defined as being able to act autonomously, to participate actively, to take 
initiatives and to turn change into opportunities. Empowerment cannot be taught, delivered or 
imported into communities or individuals; it must come through struggle, through breaking 
out, through surprise, through failing, through trying things out and through taking action. The 
teachers in this study, in both schools, showed evidence of feeling empowered through the 
TPD programme. Through a process of empowerment, new structures of communication and 
collaboration seem to arise as a result of the emerging changed mentalities. From what 
teachers report this cannot be accomplished through top- down approaches, but rather through 
a bottom-up approach (see Figure 1). Interviews with teachers indicate that in order to achieve 
success in professional development, it is essential that the activities are located at the teacher 
level. This means that if the program is perceived as not relevant in practice, the teachers will 
be unlikely to adopt new ideas and will not see the value of reflecting on their own practice. 
Therefore, the inner circle of the bottom-up expansion model for professional development of 
teachers is of great importance. The study also reveals that if development is introduced 
successfully at teacher level, it will have implications for the learning community (the science 
department). The importance of a successful learning community is that it enhances 
collaborative teacher learning and empowers the teachers even further in a positive feedback 
loop. 

A study by Fielding et al. (2005) shows that teachers expressed the need for mutuality in the 
continuous professional development (CPD) process and that is important to see CPD as a 
learning partnership. The teachers in the study of Fielding et al. (2005) claim that, in order to 
engage them, and if CPD is to benefit the students, there needs to be content and a closely 
adapted mode of delivery. 

Several authors have pointed to the importance of professional development being based on a 
perspective of situated learning (see e.g. Borko et al., 2010; Ostermeier et al., 2010; Putnam & 
Borko, 2000). In our study several teachers emphasized the importance of being in the 
situation and being able to see direct relevance to their own practical experience in the 
classroom. 

Organizational structure may give support and stimulate teacher collaboration, thus 
preventing the privatization of practice. Respect and trust form the basis of motivation for 
collaboration between people (Morissey, 2000). Trust and respect from colleagues in school is 
needed if one wants to develop joint liability (Fullan, 2001). Respect may be expressed 
through appreciating other people's expertise and knowledge, and trust forms the basis of 
loyalty and commitment in terms of agreed goals and decisions (Kruse & Lillie, 2000). Trust 
can make a difference for being able to work together, and in schools where teachers 
increasingly feel more confident, teachers have a stronger sense of professional community 
and are more willing to try new ideas and take risks (Robinson, 2011). Professional learning 
communities can promote learning when the individuals inquire after opportunities to gain 
new understanding and new knowledge (Timperley, 2008).  

 

CONCLUSIONS 

The purpose of our study is to explore how science teachers who have taken part in a school-
based professional development programme, perceive the impact it has on their daily work. 
The results of this study show that school based TPD requires that there is a shared 
understanding in the school, among its leadership and teachers, of TPD being a process. The 
aim of such a process is to develop the school's overall knowledge, attitudes and skills for 
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learning, teaching and collaboration.  Professional development aims at giving teachers, at all 
experience levels, the tools they need to approach classroom challenges with confidence and 
access to a learning community that can support their activities (Elmore, 2002). TPD can lead 
to important qualitative outcomes such as the creation of a positive school culture, 
improvement in individual teacher skills, and development of opportunities for peer learning.  
 
The results of our study suggests that a model of TPD in which individual teachers` own 
teaching practice (“what they already do”) is the starting point, may be successful in  the short 
term perspective  as well as the long term perspective. Successful TPD must thus be generated 
from the circles` center, i.e. it should aim at generating professional growth of the individual 
teacher. Teachers` growing confidence and reflective skills form the basis of the development 
of the school`s science department as a professional learning community, from which in turn, 
teachers are stimulated and empowered to develop their teaching practice in an even more 
reflective way. However, the development of a professional learning community requires 
time, resources and support from the school and its leadership. Without sufficient support 
being given from the school, the TPD program may stimulate individual teachers to develop 
new approaches to their TPD, but it may fail to have an impact when it comes to the 
development of collaborative teacher learning practices which will last and which may lead 
to school development. 
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SCIENCE TEACHERS’ TRUTHFUL NARRATIVES 

ON INTEREST IN CURRICULUM 

Peer S. Daugbjerg  

VIA University College, Denmark  

Abstract: The teacher’s entire personality including his or her specific interests in dif-

ferent parts of the curriculum and in teaching in general is present in the classroom. 

The way the teacher teaches the curriculum is thus coloured by the teacher’s 

personality and personal interest besides being entangled in all other aspects of the 

actual school context’s complexity. A way to address the individual teacher’s 

perception of the complexity of teaching is by redeeming truthfulness as a central 

virtue in education. The application of truthfulness opens given contextualised and 

subjective narratives and makes it possible to nuance the interests implied in them. 

Truthfulness has been used to expose how the interests of ten Danish primary and 

lower secondary school science teachers are personal and situated. The teachers react 

to the technical interest of the national curriculum makers to control science teaching 

by pursuing their own practical interest in making their own school working day 

possible to relate to with their personality intact. They rephrase the national 

curriculum from their personal standpoint in order to live out their emancipatory 

interest in improving the children’s understanding of themselves and in order to help 

themselves and their colleagues in their teaching. The results suggest that learning and 

knowing to be in science teaching presupposes an interest in the specific part of 

science teaching in question. Being and knowing furthermore requires experience in 

exactly being in science teaching as illustrated by the contextual and detailed way the 

teachers give their narratives. The analysis seems to indicate that if science teacher 

research wants to understand science teachers’ more subjective and personal aspects 

of teaching science it could be beneficial to address the evidence in science teachers’ 

narratives and actions of truthfulness and dedicated human interest.  

Keywords: truthfulness, curriculum, interest, narrative  

INTRODUCTION  

Studies on teachers’ approach to curriculum and the subject they teach indicate that 

teachers’ interest in teaching and subject matter influences the development of their 

knowledge base (Bulunuz & Jarrett, 2010; Jarrett, 1999). The knowledge base for 

teachers is diverse and very often described in terms of prescription for what teachers 

ought to know and thereby establishing what they lack to know (Joyce, Wolf, & Cal-

houn, 2009; Putnam & Borko, 2000). Putnam and Borko emphasise how teacher 

knowledge is situated in the classroom context and in the individual teachers’ 

teaching experience. They investigate teacher learning to improve the understanding 

of the influence of school-based experiences. They do so by looking at a series of 

intervention methods such as case-based learning and discursive communities. They 

conclude that teacher learning should be grounded on some aspect of teachers’ 

teaching practice. Seen from a professional development perspective the 

acknowledgement of how teacher knowledge is grounded in the individual teacher’s 

experience opens for a need to understand what influences the individual teacher’s 
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interest to learn new knowledge.  

Within science education research a notion of the relation between knowledge and 

interest has been suggested (Roth, 2009). This notion is based on the work of 

Habermas on fundamental knowledge–constitutive interests (Habermas, 1972). 

Habermas (1972) develops 3 types of fundamental knowledge–constitutive human 

interests that underlie processes of research inquiry: “The approach of the 

empirical-analytical sciences incorporates a technical cognitive interest; that of the 

historical-hermeneutic sciences incorporates a practical one; and the approach of 

critical oriented sciences incorporates the emancipatory cognitive interest” 

(Habermas, 1972, p. 308).  

These 3 interest types by Habermas have been taken up by Grundy (1987) in her 

study of written curriculum; she elaborated the types into 3 analytical categories:  

- Technical interest is characterised by interest in controlling the environment 

through rule following actions based upon empirically grounded laws.  

-Practical interest is characterised by interest understanding the environment 

through interaction based upon consensual interpretation of meaning.  

-Emancipatory interest is characterised by interest in emancipation and 

empowerment to engage in autonomous actions arising out of authentic, 

critical insight into social constructions of human society.  

These categories allow her to describe intentions in written curriculum. The 

Curriculum the pupil meet is however not the written regulations but also the 

teacher’s actual teaching actions, embodiments, feelings and experiences (Hume & 

Coll, 2010). The teacher’s entire personality including his or her specific interests in 

different parts of the curriculum and in teaching in general is present in the classroom. 

The way the teacher teaches the curriculum is thus coloured by the teacher’s 

personality and personal interest besides being entangled in all other aspects of the 

actual school context’s complexity.  

A way to address the individual teacher’s perception of the complexity of teaching is 

by redeeming truthfulness as a central virtue in education (Cooper, 2008). 

Truthfulness is a virtue, which acknowledge, that it is possible to understand 

statements of people as being based on their truly believed reasonable grounds even 

though these may later turn out to be false (Cooper, 2008, p. 82). Cooper builds his 

understanding of truthfulness on Williams (2002):  

… truthfulness devolves into two dispositions, ‘Accuracy’ and ‘Sincerity’. 

These are the dispositions, roughly, to take due care that one’s beliefs are 

warranted, and ‘to come out with what one believes’ (Williams 2002, p. 45). 

The former requires honesty, objectivity and effort when forming one’s 

beliefs; the latter, a determination to communicate what one believes and, 

more generally, to be trustworthy communicators who do not mislead. 

(Cooper, 2008, p. 81)  

Sincerity has to do with the trustworthiness in the speech acts, meaning a disposition 

to make sure that one’s assertions expresses what one actually believes. Accuracy is a 

more complex virtue, its basis is the effort we put into learning about a certain subject 

matter. This informed accuracy will support a more authentic, objective and honest 

addressing of audiences (Williams, 2002). Cooper elaborates on William’s notion of 

truthfulness and adds fidelity that Cooper defines as “truthfulness in discussing some 
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topic may require ‘Fidelity’ to the topic— an approach to it that does not belie what 

one takes to be the salient, important aspects of the topic”. Furthermore he adds 

transparency meaning that truthful communication “has no ‘agenda’ hidden from its 

audience” (Cooper, 2008, p.81). In order to make communication truthful it must be 

transparent and furthermore demonstrate fidelity in dealing with its topic.  

Truthfulness is a characteristic for communicative actions in the subjective world 

(Habermas, 1995). This indicates that truthfulness is a way to address the way 

science teachers give evidence of their personal and subjective experience of the 

complexity of contemporary science teaching. The present conference paper 

therefore addresses: How can truthfulness and human interest enrich our language of 

evidence on science teachers’ coping with the complexity of contemporary science 

teaching?  

 

METHODOLOGY  

In this conference paper I will investigate aspects of how teachers talk about their 

teaching and their knowledge base for this teaching. I will focus on what teachers tell 

about their teaching, being aware that such narratives are subjective and personal 

representations (Goodson, 1980; Goodson & Sikes, 2001). To address the subjectivity 

in the narratives I will apply a notion of truthfulness in my interpretation of the 

narratives (Cooper, 2008; Habermas, 1995). I will analyse the narratives for what 

interest the teachers present towards science teaching ascribing their narratives 

different aspects of truthfulness.  

Biology or other science subject teachers can possess different types of knowledge 

interests and combinations thereof towards curriculum and teaching. An 

emancipatory interest can be expressed in the interplay between critical reflection 

and autonomous action in praxis, a technical interest can be expressed in the 

manipulation and control of environments, a practical knowledge interest can be 

expressed through everyday interpretations and understanding of meaning in social 

life (Roth, 2009). By combining the teachers’ narratives with my observation data I 

ascribe aspects of truthfulness to the interest categories I find in the teachers 

approach to the curriculum.  

 

RESEARCH CONTEXT AND APPROACH  

Interviews, observations and contextual data regarding the school and local area 

where teachers live and work all inform research about the teacher’s past and present 

personal life and work experiences (Goodson, 1992). Furthermore it is important to 

observe the teachers actual teaching, to saturate your understanding of the teachers 

narratives (Traianou, 2007). Such a methodological approach has been tried out by 

Norrie and Good-son (2011) and Brickhouse and Bodner (1992).  

Truthfulness and human interest of science teachers were investigated among Danish 

primary and lower secondary school science teachers. In this research I first made 

semi-structured interviews with 10 participating teachers; thereafter I did observations 

of the teachers for 2-4 entire workdays at their schools. Second interviews were based 

on themes and questions that appeared from preliminary analysis of the first interview 

and the observations. To further saturate my understanding of the teachers’ work and 

teaching I collected various teacher produced materials during the observations.  
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The main story deduced from the data will be on the connection between on the one 

hand the story the individual teacher tell where their interest in nature/biology or 

teaching children is outstanding and on the other hand where I find truthfulness in 

their carrying out this interest in their work and teaching. The presented stories 

address the teachers’ relation to the curriculum and how they teach and talk about it.  

Table 1  

Biographic data of the participating teachers  

Teacher 

alias  

Gender  Birth 

year  

High 

school 

or 

similar 

finished  

Other training or 

employment prior to 

teacher training  

Start of 

teacher 

education  

Graduation 

as teacher  

Jane  ♀  1954  1974   1974  1978  

Erik  ♂  1957  1977   1977  1981  

Lars  ♂  1956  1976  Clerk  1982  1986  

Diana  ♀  1970  1990  Unskilled worker  1992  1996  

Linda  ♀  1956  1994  China Painter, shop 

owner  

1994  1998  

Simon  ♂  1971  1990  Laboratory worker  1997  2001  

Tina  ♀  1975  1996  Unskilled worker  1997  2001  

Frank  ♂  1973  1997  Farmer  1999  2004  

Karen  ♀  1966  1985  Industrial worker  2001  2005  

Ruth  ♀  1972  1992  Unskilled worker, 

Ergo-therapist  

2002  2009  

 

 

LINDA, RUTH, ERIK, SIMON AND SCIENCE CURRICULUM.  

Linda (54 years, 16 years of teaching) and Ruth (38 years, 2 years of teaching) tell of 

their own interest in science, and the effort they put into learning new knowledge 

through science programmes on television and reading about natural science in maga-

zines, textbooks and on the internet. This interest is mostly technical as it has to do 

with their own control and knowledge of the subject they teach. They both reflect this 

sincere interest as they use their knowledge in the classroom to tell the pupils about 

significant scientific discoveries and investigations. Linda also cooperates with her 

Danish mother-tongue colleague on using a role play on a murder investigation:  

we took all the lessons in a week, that was 4-5 lesson more than we should, 

but we said really the pupils have had a good experience and they have tried 

to see that science can used to something, that you use out in the society, the 

police they use biology and chemistry and fingerprints, blood traces and all 

such stuff and that really absorb them [the pupils].  
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Linda stresses that this only could be done because her and her colleague decided not 

to look at the consumed work hours. Ruth tells of an innovative approach to teaching 

physics:  

... the pupils can’t relate to the things up there [in the physic laboratory], 

really they can’t relate to a tone generator, can they? So, when we can use 

our mobile phone for real, if that was what we wanted, right, (...) we have 

things in our mobile phones, that can measure it equal well as the 

instruments we have up there.  

They show a similar truthfulness as they both are sincerely technically interested in 

science as a scientific discipline, and they teach in a trustworthy, authentic and 

honest manner according to this interest. These short excerpts do not tell the entire 

story of the science taught by these two teachers, but the excerpts illustrate different 

approaches to teaching science.  

Where Linda and Ruth make very few remarks on relations to the national science 

curriculum in power, Erik (54 years, 34 years of teaching) and Simon (39 years, 13 

years of teaching) has both developed local versions of the science curriculum 

including biology at their schools. Erik has been reflecting on how to communicate 

the national science curriculum to the pupils:  

I have made a pupil’s edition of the national curriculum, simply rewritten it 

in respect of the content, I took it section by section and rewrote it so that it 

is understandable for the children and this I have done for the aims for 

biology at year 8, and now we have also done it for geography as well and 

for Natur/teknik [primary science] year 4 and 6 as well. I think that has 

turned out very well.  

Erik distributed this local curriculum to his colleagues as part of his role as 

lighthouse beacon [fagligt fyrtårn] of science education at his school. Simon acts as 

the local science resource person on his school and as such he heads the science 

teacher team:  

... last year we said in our science teacher team that Natur/teknik [primary 

science] was our focus and we literally did it so, that partly there was 

something related to the curriculum and then; that was really it and then 

people should help collect materials. I had taught something about it, that is 

me and a colleague; it was on how we used some of it in our teaching. And 

this year we really have thought that it would be Physics/chemistry that 

needs a boost.  

Erik and Simon show practical interest as they interpret the social situation of com-

municating the science curriculum, they also show emancipatory interest as they act 

upon their reflections. Their actions show truthfulness as they sincerely, transparently 

and objectively implement a local science curriculum in accordance with their beliefs 

and reflections on how they can improve the understanding of the science curriculum 

for their colleagues and pupils. Simon was able to get his colleagues involved, as his 

talk of “we” and “team” but also the joint effort put into the database of materials that 

supplement the curriculum illustrates the collective approach. Whereas Erik was more 

a one-man army, as his talk about “I” and “lighthouse beacon” illustrates.  

Erik has developed a science 10 class in order to give young people a chance to 

work more intensively with science for a year before they decide whether to 

proceed on to high school or vocational education. The class is a new line among 
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other lines offered 16 year olds at the year 10 centre at the school where Erik teach 

and work. He developed the science 10 class based on an emancipatory interest 

established during a 1 year further education diploma within science education.  

It was a wish when I studied science education that somehow it had to have 

an effect. I had two leads one was becoming a science coordinator for the 

entire municipality and the other was the science 10 class, it could be they 

both succeeded. I put both ships at sea, but the one was never carried out, 

then I thought now the other one must have full throttle and it turned out very 

well.  

The science 10 class runs its first year when I interview Erik in September 2010, it 

has attracted 25 pupils, who has finished their lower secondary school after year 9 

and now use a year 10 to work more focused on science. The pupils have lessons at a 

neighbouring technical high school every week.  

I have suggested the deputy head that this science for year 10, which 

actually has an official curriculum in power, but probably isn’t run 

anywhere else but here, that the pupils shall have marks and they have to 

take a test at the end of the year.  

What they are to work with next is an assignment on body and health, they 

shall state a problem, and it shall lead them through this assignment. This 

assignment and 5 like them form a basis, where the pupils draw lot and have 

to take an oral examination defending the drawn assignment the coming 

summer.  

The official curriculum was basis for my thoughts and the design is based 

very much on the learning theory I lean towards and it is self-activity and 

self-construction and stuff like that. The official description of the science 

subject is written a few years ago and it carries thinking different from the 

old curricula, so it was very obvious to take it and say that is the way we run 

it.  

Erik is very truthful in his work with this year 10 science class, he has put a lot of 

effort into developing it, he has based it on an objective base of the official 

curriculum, and he uses the official curriculum with great fidelity. Erik’s design and 

teaching approach is very trustworthy, authentic and honest as he follows a line of 

educational thinking he leans on himself. Erik teaches Danish and Science in the 

science 10 class, the other subjects are taught by colleagues in the year 10 team.  

 

TINA AND HEALTH CURRICULUM  

Health education is a significant part of the biology curriculum in Danish lower 

secondary school. I have observed Tina (35 years old, 9 years of teaching) performing 

health education. Tina’s interest is complex and based on her life history. Tina has an 

interest in the health aspect of biology teaching, which is initiated in high school 

when she had a cancer sick mother, a significant event in her life that initiates her 

interest in biology:.  

... perhaps I had a sense of, so I could fairly quickly smell a rat that my 

mother was sick, and about that time you have to choose [high level study 

subject at high school], there was a lot of talk about some hereditary cancer. 
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So I think that my motivation also was to learn some genetics, and try and 

see where the hell it all comes from, what it is and can it (...).  

Tina’s mother dies the year after she finishes high school. Based on her knowledge on 

genetics from high school Tina follows up on her mother’s death and contacts her 

own doctor in order to find out whether her mother’s breast cancer was hereditary – a 

braca 2 type cancer. Tina finds out that it was, but she has not inherited the 

disposition for cancer. But her knowledge leaves her with an ethical dilemma as her 

mother has two sisters who also have daughters – cousins to Tina.  

I was tested and don’t have it, but all of a sudden, was my entire family in-

volved in it and they didn’t want to know anything (.) but I had a cousin 

who wanted to be tested, and she knew that if her showed up negative, then 

would her mother also have it and the mother didn’t want to know (.) and 

there she has been walking around with a knowledge that the mother had it, 

then all of sudden we got, yes it became very messy; but the two aunts or 

rather the one aunt and my grandmother know nothing, and the other aunt 

and her daughter knows, the problem is however the aunt on the other side 

has two girls who each has two girls and they are all potential bearers of 

this gene. (.) So things have really been stirred up, but it is really my 

knowledge that over time has done it, (.) no there really is trouble afoot.  

These primary experiences of the significance of information about health and 

disease, and the ethical side of such knowledge is part of the foundation for Tina’s 

performance of teaching and working with young people. Tina states her approach to 

teaching biology:  

I want to have a positive influence on the youth that they can go (...) go into 

the world and make some reasonable choices, because you have helped to 

make, not teach them, but make them able to think and go out. (.) So my 

approach is also that it is half subject matter half social work.  

Tina has developed a sex education curriculum in collaboration with colleagues 

from her own school and other schools in the municipality:  

But there is also pupils that when they leave school, then they don’t know 

how you get pregnant, really that I think that is also rather sad and they will 

never get a completely good grip of it.  

Yes, yes also that it gets a societal perspective right (.) that it is okay to say 

no and stuff like that, that is what this course has set the scene for, that there 

has to be made a continuity where it starts from kindergarten class, where it 

concerns much about me, and then in year 3, 4 and 5 it is me and the class, 

and then in year 7, 8 and 9 it is me and the society and then go that way out, 

right (.) and that they all places learn that choices has consequences (.) both 

the one and the other in relation to yourself, right (...) and that I think is 

bloody exciting because the continuity that I think can add something to it, 

their knowledge.  

The sex education curriculum is implemented as the official curriculum for all schools 

in the municipality, it is very precise with regard to what topics to take up at what 

year and how to teach them. It sincerely, transparently, honestly reflects Tina’s claim 

that she sees being a teacher as combination of communicator of subject matter and a 

social worker in order to get “whole human beings out of them, right”. Tina truthfully 

demonstrates an emancipatory interest as she combines action and reflection in 
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working with sex and health education in the school.  

Listening to my participating teachers they seem to have found or created a space for 

local and personal interpretation of the – in Denmark anyway -ever changing curricu-

lum. They tell stories about how they driven by different interest have taken on the re-

sponsibility of the local science curriculum. They contribute in different ways 

truthfully to the implementation and the practise of the teaching intended in the 

renewed curriculum.  

 

SCIENCE TEACHERS’ TRUTHFUL DISINTEREST  

The above stories have mostly been stories where the teacher’s narrations of 

interests straightforwardly and truthfully relates to the work and teaching that the 

teacher performs and where their work and teaching adds to the purpose of the 

school. What is interesting is that teachers also tell stories of elements of their work 

and teaching they find less important or even dislike. Erik seldom uses practical 

work as he has experienced that it is hard to get the pupils to learn from doing 

experiments:  

I must admit I don’t do that much practical work anymore ... I think you shall 

think carefully before taking on advanced time consuming experiments, let 

us put it this way, because there passes many lessons with things you don’t 

really, where the pupils don’t really learn anything.  

Tina is bored when she teaches on lake ecology, because the pupils are not interested 

in it, they would rather discuss human health. What is interesting is that the teachers 

tell honestly about these reservations about dealing with these elements of their 

teaching and work. Even when the teachers’ interest in dealing with these elements is 

minimal, they still talk truthfully about it.  

Habermas’ types of knowledge interest doesn’t very well cover such lack of 

interest, perhaps one can say that whenever the teachers are dealing with topics or 

tasks they dislike, they primarily will be using technical interest in order to control 

the situation without reflecting on it. But this is not always the case. Erik tells that 

he handles sex education as primarily the biological side of the topic, and leaves the 

emotional side to the class teacher or mother-tongue teacher. Erik is himself a class 

teacher as well as mother-tongue teacher, so his point of view is based on careful 

reflections of what he honestly and sincerely can contribute with within the 

curriculum of biology:  

I put a lot of emphasis on that I’m biology teacher in this, and when I say 

something about sex education, then it is from the biological angle, then I 

compare us with the animals, then we put it into a biological angle. What do 

we have here it is a mating and right, that I feel myself as sufficient, that in-

stead of all this navel gazing, really that is up to the Danish teacher, then they 

can take all these emotions and it is not to leave it out because I do tell them 

that this is an important issue. But now we are in the biology class and now it 

is about anatomy and physiology, and that they buy every time and then it 

becomes not so bad to ask about something.  

Erik’s narration on sex education and the other teachers’ narrations on elements of 

teaching or teacher work they deliberately and knowingly avoid in their role as biolo-

gy/science teachers show how disinterests are reflected truthfully in the teachers’ 
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narratives. As long as the individual teacher truthfully acknowledge her interests and 

disinterests, it is possible for a team of teacher to complement each other and teach 

the pupils the totality of the curriculum.  

 

CONCLUSION  

The above analysis illustrates how teacher interests in science curriculum and subject 

matter are truthfully reflected in the narratives. The interests are personal and are 

situated in experiences the teachers have from life and teaching in general. The 

development of a teacher’s knowledge base is thus formed by work as well as life 

related experiences. Rephrasing Radford (2008) learning biology or science teaching 

is not simply learning to do biology or science teaching, but also learning to be in 

biology or science teaching. Adding this to the elements of knowledge base discussed 

in the introduction, it seems reasonable to suggest that learning and knowing to be in 

science teaching presupposes an interest in the specific part of science teaching in 

question. Being and knowing furthermore requires experience in exactly being in 

biology or science teaching as illustrated by the contextual and detailed way the 

teachers give their narratives. The application of truthfulness opens the given 

contextualised and subjective narratives and makes it possible to nuance the interests 

implied in them. Truthfulness exposes interest as personal and situated. The teachers 

react to the technical control of the detailed national curriculum by adding local 

interpretation and making their own local curriculum. The teachers react to the 

technical interest of the national curriculum makers to control science teaching by 

pursuing their own practical interest in making their own school working day possible 

to be in with their personality intact. They rephrase the national curriculum from their 

personal standpoint in order to live out their emancipatory interest in improving the 

children’s understanding of themselves and in order to help themselves and their 

colleagues in their teaching.  

Teachers interpretation of curriculum is situated and subjective, meaning that teachers 

being and knowing in the science curriculum is exactly an and as suggested by 

Radford (2008). The knowledge base for teaching and interpretation of the national 

curriculum is situated in the local school context. The teachers do not belie this as 

they speak and act truthfully from this position.  

As Erik tell he has experienced that practical works makes it difficult for the pupils 

to learn, therefore he has adjusted his use of practical work. As Tina tells how she 

has experienced the need for a longitudinal effort to teach sex education. Being 

situated in the local school context and knowing about science teaching is constantly 

evolving as the individual science teacher experiences how teaching and life in 

general influences each other. Being and knowing as a science teacher is going back 

and forth between action and reflection in a never-ending becoming as a biology or 

science teacher.  

The above reflections seem to indicate that if science teacher research wants to under-

stand science teachers’ more subjective and personal aspects of teaching science it 

could be beneficial to address the evidence in science teachers’ narratives and actions 

of truthfulness and dedicated human interest.  
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Abstract: Curriculum innovation has become increasingly mandated and controlled by 

accountability measures in a system of official policy rhetoric (Ball, 2012). The effect 

of this system is under criticism for a number of different reasons. Connelly (2013) is 

concerned about the use of formal standards and achievements as a "flight from the 

field" of curriculum policy.  Au (2011) argues that public accountability is a new kind 

of Taylorism reducing students into decontextualized numerical objects for 

comparison. In this article we develop arguments and use evidences from case studies 

across six different European countries in favor of a pedagogical turn toward 

deliberative curriculum innovation in an open public space between a multiplicity of 

education actors that is in contrast to official contemporary policy discourses. 

In the European project GIMMS case studies with different settings about deliberative 

innovation in teacher education were conducted and interrogated. The project was 

based on a partnership model of teacher education about deliberative boundary 

crossing in public space. Central to this model was a democratic discourse in a flat 

structure with the support of mentors as brokers for shared meaning making between 

different educational communities. This kind of boundary crossing partnership for 

curriculum innovation is different from present output oriented reforms controlled by 

managerial accountability measures.  

In GIMMS mentors gradually succeeded in developing a context of trust, ethical care 

and co-inquiry for the realisation of the aims of case studies. A driving factor in every 

of the cases was the interaction of engaged teachers and schools with a university or 

research and development institution, and occasionally with policy leaders and elected 

representatives. Teachers became agents of change through engagement in these 

collaborative boundary crossing partnerships. Obstacles for this type of inquiry-

oriented boundary crossing public spaces were non-deliberative apprenticeship 

approaches to teacher education and methods of assessment that were mostly 

concerned with standardizations and performativity. 

Keywords: deliberation, teacher education, curriculum innovation, collaboration 

      

CONTROVERSIAL TRENDS IN SCIENCE EDUCATION 

POLICY 

Since the start of the century science education has increasingly gained public 

attention mainly driven by international comparative studies such as TIMSS (Baumert 

et al. 2000) and PISA (OECD, 2010).  A main focus has been the degree of student 

achievements in scientific literacy in a globalized world. Accountability measures and 

country rankings were often used as the ultimate criteria for the educational decisions 

of policymakers, surprised by unexpected results experienced in many countries as a 

type of ‘PISA shock’. A background for these policy decisions is the assumption that 

science and technology are key elements for national competitiveness and recovery in 
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a turbulent world economy. Suggestions have been made for more cost-effective 

schooling in the sense of more PISA points per dollar (Sjöberg, 2012) or standards in 

different subjects as de-contextualized output. In Germany and other countries 

competency-based curricula and standards for knowledge and practice were 

developed in order to increase student achievements independent of the school 

context. In North America PISA results were experienced as a ‘Sputnik moment’ 

looking abroad to Singapore and Finland for educational fixes (Connnelly, 2013). 

These kinds of competency-based curricula are in danger of creating pressure for 

standardisation and decontextualisation of practice and student learning in a new 

Taylorism that is solely concerned with technical rational and managerial change (Au, 

2011). Accountability for the sake of standardization is an attempt to tightly control 

teachers and their practices by policymakers and state authorities. Connelly (2012) 

argues that a discussion about curriculum and educational practices is nowadays 

decontextualized to become a formal argument about accountability (p. 362): “There 

has been a shift from a debate over subject matter versus life-adjustment curriculum 

for children to questions of accountability and achievement. Like the focus of the 

curriculum theorists, educational reformers have, to use Schwab’s language, taken 

flight from the field as they now worry about accountability and achievement”.  

An alternative to this technical rational approach is an extended practice approach 

referred to in the theoretical work of Joseph Schwab, and recently discussed by a 

number of different authors in the Journal of Curriculum Studies (Deng; Connelly; 

Westbury; Takayama; Biesta; Künzli, 2013). These authors explore the relevance and 

significance of Schwab’s writing about the role of the practical setting for curriculum 

theorizing, policy-making and development within the current global context of 

standards and accountability. There is an agreement among these authors that 

Schwab’s conception of the practical can contribute significantly to the advancement 

of schooling for today’s world. It challenges initiatives of educational reform that 

concentrate on essentialist aspects of curriculum doing and eclectic theorizing of 

practice that prevent ‘flights from the field’. This conception argues for teaching as a 

practice of the real world in schools or classrooms which is contextualized and 

situated. This real world context implies a public dimension. Decisions and 

judgements in school are not justified by private initiative alone, but need to be 

shared, tested and collectively supported in spaces for public deliberation (Biesta, 

2013). Schwab defined this public dimension as a community of learners composed of 

groups and groupings from different commonplaces and settings. 

In our conception of teacher education different communities have to be taken into 

account, crossing boundaries in a deliberative partnership process, for authentic 

curriculum innovation to be realised. This context also relates to national traditions, 

social and cultural developments, socio-political perspectives, specific environments 

and personal needs. Cornbleth (1988) distinguishes in “Curriculum in and out of 

context”:  

- a product approach out of context (such as favoured in TIMSS or PISA 

programs) undertaken by specialists outside the school and 

- curriculum construction as an ongoing social activity shaped by various 

contextual influences.  

In this way curriculum in context explicitly recognizes critical philosophical, social 

and political questions and value assumptions about what is taught, how, and to 

whom. This implies far reaching consequences for curriculum innovation: changes are 
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not only a result of technical planning but are changes in the context of a socio-

cultural and border crossing deliberation. Deliberative innovation means that multiple 

communities of education actors are involved in a collaborative discourse across 

boundaries. Voices from teacher groups and schools as well as guiding insights from 

research findings, teacher education and policy groupings need to confluence together 

to make meaning and support contestation in a rapidly changing situation. Educational 

reform needs to be balanced between the requirements of local capabilities and 

pedagogical needs at one level and national policy systems for improvement on the 

other (Fullan & Stiegelbauer, 1991; Olson, 2002; Valli et al., 2002). The balance 

between these official and pedagogical policy discourses has been threatened by the 

persistent push of international achievement rankings, such as, PISA and by national 

policies to introduce standards for assessment as predefined output-oriented outcomes 

of student learning in an era of measurement (Biesta, 2012). 

 

PUBLIC SPACE AS A SETTING FOR DELIBERATIVE 

INNOVATION 

Our main assumption in the GIMMS project was that change in science education in a 

socio-cultural context implies deliberative innovation with multiple communities 

across boundaries. This discourse needs a public curricular setting for deliberation, 

which is in contrast to de-contextualized techno-scientific management models 

proposed by policy experts.  

Teachers’ professional development in a collaborative environment is a driving force 

for curriculum innovation in education.  As Klieme et al., argue (2010, p. 296; 

translated from German):“There is a lot of evidence, that the professional 

development of teachers is an outstanding resource for the quality development of the 

educational system”. This is also argued by Hattie (2009) and others. Hargreaves & 

Fullan (2012, xii) state that “there is widespread agreement now that of all the factors 

inside the school that effect children`s learning and achievement, the most important 

is the teacher – not standards, assessments, resources, or even the school leadership, 

but the quality of the teacher. Teachers really matter.”     They need to be recognised 

as central policy actors in curriculum innovation and change in education.  

But what is necessary is a broader base for science education that goes beyond 

traditional disciplinary science teaching. Hiebert, Gallimore and Stigler (2002) 

suggest that the professional knowledge base for teachers must extend across 

boundaries of disciplines and be shared and discussed with others. This will require 

teachers to move beyond their classroom and school settings to engage in public 

spaces with other education actors and institutions, such as, universities, teacher 

education institutions and policy makers. 

A setting for deliberation in a socio-cultural context of schools is dependent on shared 

meaning making with teachers and teacher educators on all levels of decision making 

from the initial meeting to the end of the ownership and use of outcomes. This is a 

very complex process, because decisions are not only possible on the basis of 

scientific rationality, but also need to be made in relation to the participating 

stakeholders, identification  of problems, rules, values, claims, situations, use in 

practice or feedback from the public. Not all of these aspects can be treated in detail. 

But in shared meaning making some key questions need to be reflected for the start 

and require an ongoing justification process throughout.  
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In a meeting for deliberative innovation stakeholders from different educational 

communities must be considered and included. Teachers are central participants, 

because they are the link of discursive innovative deliberation and its realization of 

practice at the school setting.  

The discourse for innovative deliberation proceeds in public space crossing 

boundaries to the outer space as context and supporting a deliberative democracy 

(Mawhinney, 2004) with feedback to and from the meeting. The public space is a 

setting for a discourse for shared meaning making across boundaries of represented 

communities about curriculum innovation in science education. This discourse needs 

to take place within a special type of public space which facilitates a pedagogical 

debate and meaning-making with agreed ethical rules of engagement. Teachers need 

to be brought beyond their familiar settings to engage in a boundary crossing 

deliberative discourse with a new type of cultural discourse involving a variety of 

education actors in a public space. This cultural and intellectual space is different 

from the cultural context of each distinctive grouping of actors and therefore requires 

new discursive rules of engagement and the development of a new narrative of co-

inquiry for all. As teacher educators, and coordinators of the national case study 

research, we equally needed to interrogate our changing professional relationships and 

roles within this type of public space and reflect on an effective boundary crossing 

between school and university in this regard (Wenger, 2005). In this way a discourse 

becomes concerned with matters of knowledge, curriculum, multiple perspectives, 

values, power relations and ethical rules of engagement for all involved. 

Examples for deliberative settings are round tables in politics or citizen juries and 

consensus conferences (Levinson, 2010) where participants claim equal rights at each 

part of the table, for example, Curriculum Workshops for the discursive development 

of innovative curriculum documents (Lang, 2006) or Learning Labs for activity 

structured development of new structures or products in organizations (Lambert, 

2003). This is a new aspect of a deliberation in public space that will be of special 

concern here.    

Deliberation is defined as a form of thinking-not-yet-finished which seeks to argue 

beyond the point of seemingly ultimate disagreement (Schwab, 1970; Nixon 2004). 

“To deliberate, in the sense in which Schwab used the term, is to examine, within a 

specific context, the complex interplay of means and ends in order to choose wisely 

and responsibly amongst competing goods… The object of curriculum decision is to 

reach a warranted decision about what to do in a particular context. Although the 

decision needs to be justified, the grounds for justification are seldom clear at the 

outset” (Pereira, 2013, p.4). 

Deliberative discourse for curriculum innovation focuses on boundaries in a schooling 

system where diverse voices cross boundaries for the development of boundary 

objects (Engeström, 2001; Wenger, 2005; Banner et al., 2012) in a process of shared 

meaning making. Boundary objects are agreed artefacts that come to symbolise the 

arena of concern and identify ways to transform practices for all concerned. These 

deliberative democratic attempts search for equality in an open public space, as 

proposed by Pinar (2008, p309): 

“In public space … various discourses and practices intersect and diverge, 

reflecting and creating a political location. Political struggle is discursive; it 

involves destabilising patterns of thought which cannot finally, be separated 

dualistically from physical behaviour of actions.” 
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Deliberation in a public space implies a conception of democracy that emphasises 

discursive decision making in communities that are characterised by equality, 

autonomy and reciprocity (Strike, 1993). A central requirement for teachers' 

professional deliberation is argumentative power in a group of equals without 

privileges from authorities or expert status. 

Deliberative innovation was a concept used in the European teacher education and 

training project GIMMS (Gender, Innovation and Mentoring in Mathematics and 

Science), conducted 2006 – 2009 and recently published (Mooney Simmie & Lang, 

2012). It involved case studies in six European countries. The case studies provide 

evidence for deliberative innovation in public spaces with teachers as central agents 

supported within border crossing partnerships.  

 

THE GIMMS PROJECT DESIGN FOR DELIBERATIVE 

INNOVATION  

In GIMMS seven national coordinators conducted case studies in different settings, in 

which stakeholders from different communities developed a shared meaning about 

innovation and mentoring in teaching and teacher education. Teachers and schools did 

not have any specific prior experience with approaches of deliberation in innovation 

and reflexivity in mentoring that were special for the GIMMS project. In most cases 

stakeholders came from different science and mathematics departments of schools, an 

education department of school administration or a university or a teacher education 

institute. The deliberative discourse within these public settings was facilitated by 

brokerage that involved agreed rules of engagement, productive mentoring and co-

inquiry (Mooney Simmie & Moles, 2011). 

GIMMS was largely an exploratory qualitative study about deliberative science 

teacher education and mentoring. The analysis involved two phases. In the first phase 

case studies, set within an agreed theoretical framework of inquiry-oriented 

collaboration in teacher education, illuminated the approach of curriculum innovation 

within each country. The process and product aspects of these cases were continually 

reported through minutes of team meetings, final reports and judgments in a 

questionnaire about deliberative innovation in schools. The reflective writings of the 

GIMMS team were an additional data source in this phase of the study. In the second 

phase cross-national data were obtained through interviews, reflective statements and 

transcripts from minutes of team meetings and book chapters from national 

coordinators. In the interviews national coordinators were asked core questions about 

national policy with regard to science and mathematics education, pedagogical 

practices in classroom settings, types of innovative practices in the teaching and 

learning of science and mathematics, models of mentoring and teachers’ change of 

practices as a result of GIMMS cooperation and reflective communication. Some of 

these questions may get us closer to a better understanding of an authentic curriculum 

innovative process, the multiplicity of roles required, and the multiplicity of education 

actors required, such as teachers across their professional lifespan, teacher educators 

and additional stakeholders, including policymakers. 

Analysis involved a constant comparison of deliberative discourse beyond all 

traditional boundaries, such as school and university, to a border crossing ‘public 

space’ for shared meaning making about curriculum innovation in teaching and 

teacher education.  
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The settings in the case studies were intended as innovative approaches for a border-

crossing partnership in teacher education. They were planned public spaces allowing 

boundary crossing within and between schools and other institutions, including higher 

education institutions. Public means that the settings were open for stakeholders from 

different educational communities supporting a process of deliberation in a physical 

and communicative arrangement for incubation of innovative ideas and research-

informed approaches. These arrangements were not fixed in advance, but needed to be 

tried and agreed through rules for communication and deliberative democratic 

activities.   

During the lifetime of the GIMMS project 2006 – 2009 seven national coordinators 

worked in GIMMS. They were writing the national cases on the basis of teachers’ 

experiences as individuals or collaborative groups, compiled in papers, protocols, 

observations or other empirical evidences. These case studies were partially published 

in a book or delivered separately as drafts. They were used as main sources for data 

analysis.  

At the beginning of the project it became obvious that boundary crossing was 

primarily used at its face value without a theoretical background, neglecting the 

importance of different cultural communities. Boundaries were mainly viewed as 

physical or ideological barriers in schools. The cultural and social aspect of 

communities and the structures of settings were only gradually considered in more 

detail as the project evolved. 

The process of change we see in these studies required new skills and roles for 

teachers and teacher educators which lie beyond a specific classroom level and 

involve discourse across boundaries amongst different communities of practice 

(Wenger, 2005). This focus on interacting community members is a new way of 

looking at the process of change and innovation as shared meaning making. Usually 

change in the educational systems is directly tied to content as subject matter 

knowledge, goals, teaching methods or differences in student learning and not to the 

circumstances of shared meaning making.  

The national case studies in GIMMS used different settings with varying degrees of 

innovative characteristics such as the type and number of participants from different 

communities, rules for deliberation, brokerage and usage of mediating tools for 

collaboration and concepts of boundary crossing.  

Settings to facilitate deliberation about innovation were not easily achieved in the 

national cases studies and needed to be specified. Often conventional seminars were 

organized without deliberative discussions about members of different communities, 

rules of discourse or socio-cultural aspects of curriculum innovation.  

Comparative analyses at different stages of the case studies provided evidences about 

partially successful settings for deliberative innovation in teacher education as a 

matter of discourse and brokerage in a collaborative public space.  

 

FINDINGS ABOUT DELIBERATIVE INNOVATION IN GIMMS 

Innovation in teacher education in the GIMMS project in most cases was driven by 

productive forms of mentoring as a brokerage of different partnerships and settings of 

public space: 
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In Ireland experienced teachers and teacher educators engaged in higher order 

professional conversations that became mentoring discourses of reflective practice for 

improvement of Science and Math teaching. Teacher educators and researchers from 

the university supported planning and discussion through regular meetings and a 

number of Curriculum Workshops with teachers and national policy leaders. In 

Austria lecturers from teacher education institutions and the university developed 

courses for reflective teaching and mentoring in Physics initial teacher education. In 

Denmark Science teachers, teacher educators and student teachers developed 

reflective mentoring practices that were democratic and supported through a number 

of ICT platforms. In Germany student teachers and teacher educators participated in a 

university course for Biology teacher education that supported the development of a 

cross-curricular resource in ethics and biology using a reflective mentoring approach. 

The Spanish team of teacher educators, researchers, teachers and student teachers 

used an inquiry approach for material development. Within this latter case study 

mentoring was mainly conducted in a novice – expert apprenticeship model, 

supported by ICT. The case study in the Czech Republic elaborated a constructivist 

approach of Science teaching with ICT support in a largely novice – expert 

apprenticeship model of mentoring and under external supervisory control. 

Researchers provided ICT tools and educational materials. 

Our findings show that the openness of public spaces in these case studies was limited 

in the Czech novice – expert model with external supervisor control, and in a 

somewhat similar way in the model in the case study in Spain. The difference 

becomes evident in the Czech and Spanish case studies, where mentors largely took 

the role of experts transmitting subject matter knowledge and skills to students as 

novices. In these cases teacher education was conserving traditional roles and 

objectives and was not initiating the conditions and characteristics for curriculum 

innovation or authentic changes in teachers’ practices. 

In most cases the external context of policy reform for standards and assessment 

provided some constraint to the development of innovation. Standards focused the 

attention of teachers more to outcomes of practice rather than the process of 

innovative teaching. 

Towards the beginning of GIMMS a comparative study was conducted using ratings 

on ten scales about factors supporting a discursive approach in national case studies. 

The ratings recorded were self-ratings controlled by ratings of the other project 

members. These discourse components represented the paradigm shifts taking place 

across Europe at the time: Moving policy from official institutions to more school-

based decision structures, from teaching for the test to teaching for inquiry and 

inclusion and professional development for teachers through reflective forms of 

mentoring and networking through border crossing with others, including teacher 

educators and political stakeholders.  

Mean frequencies for all six developmental case studies were high for categories 

about school-based teacher education, mentoring and professional development. They 

were low for school development and policy involvement. Collaboration across 

boundaries, networking and policy involvement were rated with low average 

frequencies.  This means that a political discourse was found rather seldom in the 

national projects, only to a higher degree in the Irish and Danish project. 

At the start of GIMMS experienced teachers across the six European countries were 

in varying measure working in isolated private spaces in their classrooms and 
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schools. Mentoring in teacher education within each country was largely perceived 

within a narrow top-down technical rational novice–expert framing. During the 

project productive forms of mentoring developed in a number of different national 

case studies that were based on boundary crossing and democratic spaces for a 

reflective and justified collaboration. 

When we compare these initial results with the interviews, later documents and the 

final case study reports about deliberative discourse we find a reasonable increase in 

all categories in most case studies. At the end of the GIMMS project stakeholders of 

different communities were engaged in a deliberating discourse for the development 

of curriculum innovation that crossed boundaries and was deliberative and inquiry-

oriented. Exceptions were the Czech and to a lesser extent the Spanish case studies. 

This innovative aspect involved what Murray & Male argue (2005) is third order 

political knowledge of teacher educators in addition to the usual requirements of first 

order localized practitioner knowledge and second order contextual knowledge about 

teaching adult experienced teachers. For the realization of this innovation teachers 

entered ‘public spaces’ in settings for boundary crossing. These settings were 

arranged as reflective mentoring seminars with teachers, teacher educators, external 

advisors and student teachers, but also as meetings for planning and exchange with 

different stakeholders from schools, universities, administrators and politicians. They 

were conducted in a mode of reflective leadership with communicative competencies 

to discuss and debate curriculum innovation and change and where mentors, teacher 

educators and researchers worked together.  

In GIMMS the evolving framework regarded curriculum innovation as an outcome of 

public space and reflective mentoring relationships for boundary crossing between 

teachers, teacher educators and policymakers. The public space was mainly defined 

by brokerage with a small number of participants from the schools, university and 

teacher education intuitions, usage of communicative rules and a public space with a 

flat structure of participants for collaboration.  

The findings from the project indicate a new role for teachers, teacher educators, and 

others, such as policymakers, in the development of curriculum innovation and 

change. Agreement between all stakeholders ensures that relationships were based on 

productive forms of mentoring as partnerships in innovation that were mutual and 

based on principles of deliberative democracy and agency. Collaboration in a number 

of diverse settings and with a range of different groupings provided a public space for 

the development of teacher voice in the ownership of these reform efforts. 

  

CONCLUSIONS 

Deliberative innovation requires discursive collaboration of different communities in 

public space to move practice beyond existing boundaries and practices. This is not 

usual in many schools, where teachers often work in isolated private spaces of their 

classrooms and schools and are increasingly mandated to focus on official policy 

outcomes.  

Important impulses to change involve collaborative settings such as those initiated in 

the GIMMS case studies. In these collaborative settings teachers, teacher educators, 

student teachers and different educational stakeholders get the opportunity to come 

together for a discourse of shared meaning making. The GIMMS case studies 
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supplied teachers, schools teacher educators and others with the facilities, finances, 

organisational and administrative supports and concepts for collaboration. More 

fundamental than these fiscal measures was the establishment of mutual partnerships 

with trust, engagement, justice, understanding and a balancing of mutual interests. 

This is not immediately given at the beginning of such a project but must be 

developed deliberatively and gradually during the lifetime of a border-crossing 

partnership. Therefore a setting for deliberative innovation in teacher education needs 

time and space for socio-cultural development within the new context of a public 

space. In GIMMS different schools without special collaborative experience were 

invited to participate. Therefore a considerable task during initial contacts was to 

convince schools and teachers to participate in this type of innovation. After that a 

collaborative approach developed gradually.        

A consistent driving factor in every of the cases was the interaction of engaged 

teachers with a university or research and development institution. Teachers became 

agents of change through these border-crossing partnerships crossing school 

boundaries.  

Extended collaboration across boundaries and policy involvement with stakeholders 

of different communities for educational innovation developed gradually during the 

lifetime of the project. In several cases small dyads of beginning teachers and 

experienced teachers expanded to collaborative settings with teacher educators, 

researchers, external teacher educators and political stakeholders. Public space 

allowed more or less autonomy and ownership for teachers to plan and reflect for 

extended time periods and take an external socio-cultural context of schooling into 

consideration. But differences became evident in the cases studies with deliberative 

mentors and more productive forms of mentoring (Mooney Simmie and Moles, 2011) 

in contrast to others with largely apprenticeship models of mentoring as in the Czech 

and Spanish case studies. Mentors in these apprenticeship models took the role of 

experts transmitting knowledge and skills to students as novices. In these cases 

teacher education was conserving traditional roles and initiating curriculum 

innovation as a matter of teaching instruction but not as an extended system of 

autonomous deliberative creation of structures beyond traditional boundaries. This 

extended partnership system needs to reflect critically on control and power about 

discourse rules in public space or restrictions through accountability measures that 

constrain ownership of curriculum innovation.  

If we have a reform of the science curriculum in mind that is based on discourse and 

settings for boundary crossing, we need to continuously support local initiatives for 

collaboration that expand to a wider network. This is, of course, a challenge with 

political implications and should be negotiated with policy makers in an adequate 

setting such as a border-crossing public space. Considering the policy dimension of 

curricular change, this type of deliberation is needed for a educational reform that 

releases authentic innovation in science education. 
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PROFESSIONAL DEVELOPMENT: A VISION FOR  

SAUDI SCIENCE TEACHERS 
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Abstract: Professional development is a significant mechanism for maintaining a high standard in 

science teaching. In a centralized education system as in Saudi Arabia, educational authorities 

have responsibility for setting policies and making decisions on the kinds of professional 

development that will be supported and implemented. This paper is an attempt to provide a 

conceptual framework for professional development to support the implementation of the new 

curriculum.  The intent of this study is to produce a list of characteristics for professional 

development that are suitable for the Saudi central educational system, by relying not only on 

research, but taking into consideration the views of the practitioners in the field.  

 

Keywords: professional development; science teacher 

INTRODUCTION 

In Saudi Arabia, there is a substantial call to correspond to the aims and premises of the 21
st
 

century, and a pressing need to develop citizen competencies to lead the long awaited 

development of the nation. Education is seen as a key factor for financial and social 

development. Science education is in a status of attention that it has never been in before. A new 

Saudi science curricula across all K-12 stages have been implemented, and the government 

contracted a national company (partnered with an international company) to provide new 

instructional materials supported by professional development for teachers (Obikan for Research 

and Development, 2010).  

These efforts, essential as they are, need to be accompanied by a more effective and systematic 

approach to supporting, developing and mobilizing science teachers who will teach in and lead 

schools. The reform initiatives in science teaching are causing a shift from conventional teaching 

styles to more progressive, inquiry-oriented ones. This shift not only necessitates professional 

development, it mandates it. Richard and Neil (2011) have argued that “curriculum reform and 

subsequent implementation need to be accompanied by substantial and ongoing teacher 

professional development”.  

Professional development is seen as a significant mechanism for maintaining a high 

standard in science teaching. The most important reason for professional development as 

identified by the American Association for the Advancement of Science (AAAS, 1989) is to help 

teachers to recognize the special expertise related to their work. Second, it is essential for 

teachers to master the knowledge and skills needed as pre-service education is neither long 

enough nor intense enough. The third reason is to help teachers grow and develop and, finally, to 

improve teaching quality.  

RATIONALE   

What is the best way to reform science education in Saudi Arabia? The new science 

curriculum emphasizes current teaching and learning trends and promises to adopt a learner-

centered approach with inquiry-based instruction (Obeikan, for Research and Development. 
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2010). But this will only happen if teachers’ classroom practices reflect high standards. It 

appears that teachers do not implement appropriate teaching practices (Alrwathi, Almazroa, 

Alahmed & Scantbly, 2012). Education reforms will not succeed without teachers who are 

immersed in the subject they teach and well equipped to implement appropriate teaching 

practices. 

Professional development of teachers plays a key role in the new curriculum 

implementation and it is widely believed to be required for supporting implementation (Richard 

& Neil, 2011). Reforming science education requires much more intensive professional learning 

than has been available. There is a concern in curriculum implementation that teachers will 

continue with existing traditional teaching practices, with a little tinkering to show that they have 

modified their teaching towards the specified way (de Beer, 2008). Therefore, Atweh, Bernardo 

and Balagtas (2008) consider teachers as the principal mediators of curriculum implementation 

and view professional development as an integral component if curriculum reform is to reach the 

classroom. Professional development is a crucial element of the nation’s efforts to improve 

education. Blank and Alas’ (2009) meta-analysis study provided evidence on the effects of 

science and mathematics teachers’ professional development on improving student learning. By 

measuring and summarizing consistent, systematic findings across multiple studies, a positive 

relationship between student outcomes and key characteristics of the design of professional 

development programs was identified.  

In Saudi Arabia, professional development has only recently been considered a national 

priority and a main research priority in the field of science education (Alshamrani et al., 2012; 

Obikan for Research and Development, 2010). So far, much of the professional development that 

is offered to teachers simply does not meet the demands of the new curriculum (Author , 2012). 

However, as Richard Elmore stated in American Federation Of Teachers (AFT), “Unless you 

have a theory about how to support instructional practice, you don’t have a prayer” (AFT, 2008, 

p. 1) .The focus should be on formulating and implementing professional development that 

makes realizing the reform possible. Since professional development is an essential element of 

comprehensive reform, it has to be carefully crafted and well designed, otherwise the dream will 

not be realized. An effective professional development requires radical changes in practice. 

Furthermore, if it is to be understood as learning activities rather than training activities, as 

Mansour, EL-Deghaidy, Aldahmash and Alshamrani (2012) denote, it should have a guiding 

framework that frames all the activities, so professional development leaders can design 

meaningful learning experiences for all teachers. 

Thus, the Ministry of Education needs to bolster teachers’ knowledge and skills and 

ensure that professional learning is well planned and organized, as improving professional 

learning for educators is a crucial step in transforming schools. In fact, science teacher 

professional development all around the world, has received special attention among policy 

makers (National Research Council, 2009). Today, professional development is a major focus of 

the reform initiative and has become a necessary expectation in schools.  

The need for high quality professional development is urgent in light of the many new 

tenets that the new curriculum is based on. Therefore, Reaching a consensus regarding 

characteristics of effective professional development is an important starting point to leverage 

support for policy makers and educators. Research is needed to examine what kinds of 

professional development provide support for the implementation of the new curriculum. This 
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study addressed the central research question: “What should characterize Saudi science teacher 

professional development? 

METHODS 

In order to develop characteristics of effective professional development, the following phases 

have been followed: 

Phase 1: Reviews of literature on professional development 
Central to efforts to improve the quality of professional development is the provision of 

research-based evidence of effective characteristics. Research over the last few years has 

provided a base of knowledge about important qualities pertaining to the design and enactment 

of professional development. During the last decade, there has been an increasing focus on what 

makes professional development effective. Five areas of research have transformed the way we 

think about professional development which are: learners and learning, teachers and teaching, tha 

nature of science and mathematics, adult learning and professional development, and the change 

process ( Loucks-Horsley et al, 2010).  To more precisely characterize professional development, 

literature related to professional development in science education and review of a variety of 

standards and documents published by organizations were done.  

Significant contributions are represented in agencies’ efforts to provide guidance in 

developing effective professional development. In the US the National Staff Development 

Council (NSDC, 2001) outlines standards for staff development to improve all students’ 

learning; these standards are listed in Table 1. Also, to supply evidence on the impact of high 

quality teacher professional development, the American Federation of Teachers (AFT, 2011) 

published principles for professional development, which were derived from teachers’ views (see 

Table 1).  

Table 1  

Professional Development Characteristics as Viewed by Educational Agencies  

NSDC (2001) AFT (2011) 

Staff development that improves the learning 

of all students should have the following 

features:  

 learning communities,  

 leadership development, 

 required resources, 

 data driven, 

 uses multiple sources for evaluation,  

 research-based, 

 appropriate strategies for the intended 

goals, 

 understand equity,  

 quality teaching, 

Professional development should: 

 deepen and broaden knowledge of content, 

 provide a strong foundation in the 

pedagogy of particular disciplines, 

 provide knowledge about teaching and 

learning processes, 

 reflect the best available research, 

 be aligned with the standards and 

curriculum teachers’ use, 

 contribute to measurable improvement in 

student achievement, 

 be intellectually engaging, 

 provide sufficient time, support, and 

Strand 14 In-service science teacher education, continued professional development

2724



 family involvement. 

 

resources, 

 be designed by teachers in collaboration 

with experts in the field, 

 take a variety of forms, including some we 

have not typically considered, 

 be job-embedded and site-specific. 

What does research say that works and what needs to be done to develop the best learning 

opportunities for science teachers? Darling-Hammond, a well-recognized expert in the field, 

identified essential elements to professional learning that need to be included in pre-service and 

in-service education (1998, p. 2, see Table 2).  

Birman, Desimone, Porter and Garet’s (2000) research-based study marked an important 

advance within the field because it relied on a survey of 1000 teachers who participated in a 

professional development program and case studies, and gave empirical evidence on the relative 

value of professional development features. They identified three structural features that set the 

context for professional development – form, duration, and participation – and the core features 

necessary for the success of those structural features – content focus, active learning, and 

coherence (see Table 2). Many of the features of professional development which they found to 

be significant predictors of effectiveness had been already identified in the literature. 

Table 2  

Professional Development Characteristics as Viewed by Experts  

Darling-Hammond (1998) Birman, Desimone, Porter and Garet (2000) 

 Professional development avoids 

generalities and abstractions and deals with 

every day teaching and learning practices 

such as lesson planning and student 

evaluation. 

 It is built around real cases and questions. 

 It builds colleagueship through 

encouraging professional discourse which 

leads to analysis and communication about 

practices and values. 

 

 Reform orientation with reform-oriented 

activities. 

 Duration in terms of both time and span 

and total contact hours. 

 Collective participation of teachers from 

the same school. 

They also identified the core features necessary 

for the success of those structural features:  

 Content refers to enhancing teachers’ 

discipline knowledge,  

 Active learning encourages teachers to 

become more engaged in discussion, 

planning, and practice,  

 Coherence refers to the extent to which 

professional development experience is 

part of the integrated program of teacher 

learning.  

As a field, science education has a set of recommendations for fostering professional 

growth. The National Research Council published a set of professional development standards in 

1996 entitled the National Science Education Standards (NSES). These include 
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recommendations for teachers of science to learn science content through inquiry, to integrate 

knowledge of science, learning, and pedagogy, to build understanding as a lifelong learner, and 

for professional development opportunities to be coherent and integrated (NRC, 1996; see Table 

3). Loucks-Horsley et al. (1998, p. 37) described a common vision of effective professional 

development in science and mathematics. The common vision identifies the seven principles that 

are listed in Table 3.  

  

Table 3  

Professional Development Characteristics as Viewed in Science Education  

 NRC (1996)  Loucks-Horsley et al. (2010) 

 Learn science content 

through inquiry. 

 Integrate knowledge of 

science, learning, and 

pedagogy. 

 Build understanding as a 

lifelong learner. 

 Professional development 

opportunities that are 

coherent and integrated.  

 

 Address student learning goals and needs. 

 Driven by a well-defined image of effective classroom 

learning and teaching. 

 Opportunities for teachers to build their content and 

pedagogical content and examine and reflect on practice 

critically.  

 Research based and engage teachers as adult learners. 

 Teachers work with colleagues in learning communities. 

 Support teachers to serve in leadership roles. 

 Provide links to other parts of the education system. 

 Continuously evaluated to ensure positive impact. 

 

Phase 2: Analysis of open-ended questionnaire for science teachers  
It is essential to consider the views and voices of teachers and look for the views of practitioners 

who actually receive professional development. It is important to consider teachers’ existing 

knowledge, beliefs. In order to achieve this aim, science teachers’ opinions were investigated 

through an open-ended questionnaire. The questionnaire consisted of three open-ended 

questions:  

1. What do you like about the professional development you receive?  

2. What don’t you like about the professional development you receive?  

3. What do you suggest to improve your professional development?.  

The written responses are transcribed and researcher first used open coding to generate numerous 

common themes from the answers. Data were coded and connections were made between 

emerging categories and patterns. 

 

Phase 3: A synthesis Phase   
A synthesis of the previous two phases resulted in a list of characteristics that have been 

classified into three groups: 
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1. A first group consists of themes which added validity to most of the mentioned 

characteristics that are built in phase one. For example (90%) of teachers confirmed the 

importance of content knowledge to their professional learning. For example they wrote :  

training programs to focus on explaining scientific concepts. (88%) pointed the 

significance of the inclusion of pedagogy of the disciplines, and (85%) wrote about the 

need to experience variety of forms and approaches to professional development.  

2. The second group includes themes concerned with factors that are not reported in the 

literature, which are attributed to the nature and policies of the educational system in 

Saudi Arabia. Teachers wrote statements such as: sense of accomplishment, success 

stories with students, self-empowerment, and not top down training. The researcher 

considered themes that have been mentioned by more than 75% of the sample, to be of a 

significance to the design of professional development, and listed them as the following: 

Incentive for teachers to participate in professional development program, quality of 

training team, teaching ethics, and use of various technological innovations to learn 

content and pedagogy, Encouraging teachers creativity and innovation.  

3. The third group includes issues that are well established in the literature, but not 

mentioned by teachers.  

 

Phase4: Delphi Technique Validation of the characteristics by a group of experts   
The researcher used Delphi Technique as a Validation of the characteristics reached by previous 

phase. A group of experts (Nine Science educators) who are university professors and who also 

work directly in the field at the Ministry of Education, were asked about the significance of the 

list of characteristics in the first round. The second round dealt with a framework to organize the 

list, and the third round was to confirm the five suggested dimensions for inclusion as basic 

dimensions of effective professional development for science teachers which are: PD goals, PD 

content, PD Approaches, PD support, and PD evaluation.  

RESEARCH SAMPLE  

Sample included a stratified sample of 85 science teachers responded to the questionnaire. Forty 

are male while forty five are female, including 20% elementary, 42% middle and 38% high 

school of the total respondents.. Participant’s majors were biology, physics, chemistry, and mean 

of year of experiences is 7.6.  

DISCUSSION AND CONCLUSION 

Based on the literature review, analysis of teachers’ open-ended responses and experts’ reviews, 

five key dimensions were derived for professional development to design meaningful learning 

experiences for all teachers. Table 4 provides an overview of the vision for professional 

development that includes certain elements of each dimension. 
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Table 4  

Effective characteristics of professional development for science teachers 

 

Effective characteristics  

Professional 

Development 

Dimensions 

1. Share a common vision of teaching and learning.  Goals 

2. Promote collegiality and collaboration to create learning 

community for science teachers. 

3. Build leadership capacity. 

4. Increase teachers creativity and innovation. 

5. teaching ethics. 

6. Deepen teachers’ content knowledge. Content 

7. Learn content knowledge through investigation and 

inquiry. 

8. Provide a strong foundation in the pedagogy of the 

disciplines.  

9. Professional development should provide knowledge about 

the teaching and learning processes.  

10. Based on teachers needs. 

11. Must be long-term coherent plans. Support  

12. Provide incentive to ensure motivation and encourage 

teachers’ participation. 

13. Provide highly qualified training team. 

14. Provide support and mechanisms to enable teachers to 

master new content and pedagogy and to integrate these 

into their practice. 

15. Require resources to support learning . 

16. Should take a variety of forms and include a follow-up 

with teachers.   

Approaches  

17. Teachers, who are the practitioners, should be centrally 

involved in formulating professional development plans in 

cooperation with experts in the field. 

18. Include active methods of teacher learning.  

19. Use various technological innovations to learn content and 

pedagogy.  

20. Must be reviewed and assessed to constantly improve the 

impact of these activities. 

Evaluation 

It is with purposeful research, we can have influence on policy and in turn on student 

learning. This paper is concerned with improving professional development for science teachers 

in Saudi Arabia by providing a base of knowledge about the characteristics of effective teacher 

professional development programs in science so that program designs are based on evidence of 

what successfully improves teachers’ knowledge and skills, which will in turn advance the 
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quality of teaching in science. Effective professional development should follow agreed-upon 

guidelines related to its goals, content, support, approaches and evaluation. Not least, this project 

is a major first step toward developing a comprehensive set of policies and practices that help 

better organise professional development.  
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Abstract: The ESTABLISH FP7-funded project is involved with development and 

implementation of professional development workshops to support teachers in 

adopting more inquiry based approaches in their teaching.  Identifying teacher views, 

goals, practices and the challenges they face in implementing inquiry activities, can 

inform teacher educators of the needs of their participating teachers.  This can also 

inform them to provide the appropriate support in order to help teachers overcome 

obstacles and develop their own practice in inquiry.  This paper outlines the initial 

results from a profiling instrument used to examine teachers’ beliefs about IBSE, 

attitudes to teaching science and teaching by inquiry and some ideas about their 

current practices.  The data presented in this paper outlines the profile of the teachers 

when they came to the first of the ESTABLISH teacher workshops in a number of 

European countries.  This paper outlines a summary of the development of the 

evaluation tool, how the evaluation data was collected and analysed and highlights the 

key findings. 

 

Keywords: Continuing professional development in Teachers, Inquiry-based teaching 

 

BACKGROUND, FRAMEWORK AND PURPOSE 

Inquiry based teaching requires teachers to become facilitators of learning rather than 

being the source of all knowledge.  The National Science Education Standards 

advocate that teachers “create an environment in which they and their students work 

together as active learners” and orchestrate learning, so that students are engaged, 

focused and challenged throughout each class (National Research Council, 1996).   

The challenge that teachers have as regards changing their methods of instruction to 

more inquiry practices can stem from their own personal beliefs and their own 
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education. Eick and Reed (2002) showed that teacher role identities are influenced 

strongly by the individuals own life experience of teachers as well as the strength of 

their teaching beliefs.  Having strong beliefs about teaching, based on reflection of 

these past experiences, can also lead to a stronger role as a teacher in the classroom. 

Also, as many teachers themselves have been educated under concept-based 

programmes (i.e. knowledge without context), this background may inhibit or slow 

down their shift to a more context-based method of instruction (King, Bellocchi, & 

Ritchie, 2008).  Addressing and understanding these conceptions within teacher 

education programmes can help teachers to overcome potential obstacles and them in 

implementing inquiry approaches. 

The ESTABLISH FP7-funded project is involved with development and 

implementation of professional development workshops to support teachers in 

adopting more inquiry based approaches in their teaching.  During the project, the 

ESTABLISH consortium members, from across 11 European countries, have hosted a 

great number of science teacher education events, each one tailored to cultural 

contexts, but all at their core striving to support the teachers to become proficient and 

confident in a number of identified skills relating to inquiry approaches.  By adopting 

this flexible framework for the implementation of teacher education, ESTABLISH is 

able to promote a universal approach for implementing inquiry-based science teaching 

across Europe.  Identifying teacher views, goals, practices and the challenges they 

face, make teacher educators more aware of the needs of their participating teachers 

and in turn can allow them to provide the appropriate support in order to help teachers 

overcome obstacles and develop their own practice.  The profiling instrument 

described here, aims to gather data about these in-service teachers so as to understand 

their starting attitudes and understanding of IBSE before participating in the 

ESTABLISH Teacher Education Programme.  

 

METHODOLOGY 

A new instrument in the form of paper-and-pencil questionnaire was developed, 

informed by numerous sources (TALIS (TALIS 2008 Technical Report, 2010), PSI-T 

(Campbell, Abd-Hamid, & Chapman, 2010), CLES-T (Taylor & Fraser, 1991), and 

the VNOS questionnaire (Abd-El-Khalick, Lederman, Bell, & Schwartz, 2001), to 

profile teachers views on the multifaceted area of IBSE.  Two variations of the 

questionnaires for in-service teachers were developed; the A- for determining the 

profile at the start of the workshop intervention and then the B- that will be 

administered after completion of ESTABLISH workshops and following the teachers 

implementing trial inquiry activities within their classrooms.   This paper discusses 

part of the findings obtained from the teachers across several European countries who 

had completed the A questionnaires, and in particular, the differences between 

teachers’ level of experience and their attitudes towards inquiry.   
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The data from the A-questionnaires was coded according to country and then analysed 

statistically.  The data was analysed using multi-dimensional scaling (MDS), which 

provides a graphical interpretation of the similarity/dissimilarity between data. 

Countries with similar average responses will cluster together , while countries with 

differences in their average responses to this series of questions are further apart.  

In this paper, an overview of the teacher sample is given and the analysis of the 

responses in terms of questions focussed on their attitudes to inquiry.  

 

RESULTS & DISCUSSION 

Overview of sample 

In total, 458 teachers attending teacher education programmes, organised by 13 

institutions, completed the first questionnaire.   The institutions are coded A to M. 

The overall teacher sample has a spread of age, teaching experience and experience 

with inquiry based science education (IBSE). Half of the teachers were in 36-50 year 

age group and three-quarters were female.  Most of them (>88%) were teaching in 

mixed gender schools, with only four countries having teachers involved in single-sex 

schools (countries A, C, D, I).  From the data received from each country, female 

teachers outnumbered male teachers, with the exception of two countries, H and J. 

In terms of teaching experience generally, a third of the overall group had 10 years or 

less teaching experience, a third had 11-20 years and the remaining third had over 20 

years-experience.   

In completing the questionnaires, the teachers rated themselves in terms of their 

experience with IBSE, either as a beginner (BE), having some experience (SE) or  

very experienced (VE).  Using this rating, the overall cohort consisted of 48% BE, 

45% with SE and 7% VE teachers.   It is interesting to note that experience in IBSE is 

not related to the age of the teacher or years of teaching experience (see Figure 1).   

From Figure 1, it is clear that the mode of each group with regards to years of 

teaching is 11-20 years, while that of age is 41-50 years.   

All of the analysis of the data was carried out based on the teachers self-rating of their 

experience in IBSE. 
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Figure 1.  Age distribution and years of teaching experience for those rated as Beginners, 

Some experience and Very experienced in inquiry  

Attitude to Inquiry 

Barriers to implementing inquiry practices in the classroom have been noted from the 

literature to include lack of classroom time, lack of ‘good’ students and that inquiry is 

not suitable for the curriculum.  These aspects were chosen to include in the A-

questionnaire as a series of statements, to which the teachers indicated their level of 

agreement. Individual teacher’s level of agreement to these statements was combined 

to give an indication of the teachers’ attitudes to inquiry:  

 I think inquiry takes up too much classroom time for me to implement; 

 The use of inquiry is appropriate to achieving the aims of the curriculum; 

 Inquiry based teaching is only suitable for very capable students. 

Variations in responses to these questions are evident between teacher cohorts.  To 

carry out MDS analysis, a hypothetical ‘ideal teacher’ response was included in the 

data set, which indicated responses to the three statements above as strong agreement 

that inquiry does not take too much classroom time to implement, that inquiry is 

appropriate to achieving the aims of the curriculum and is also suitable for all 

students.  This response is shown in the MDS analysis (Figure 2) as ‘ideal’. 

The MDS analysis indicates that the data set can be divided into three clusters of 

teacher cohorts (Figure 2).  Cluster 1 includes the ideal and cohorts M, G, and K, 

indicating that these cohorts responded in a similar way to the ideal response.    

Cluster 2 and cluster 3 are further removed from the ideal, indicating that their 

responses were not similar to the ideal response. The difference between cluster 2 and 

cluster 3 lies principally in the response to whether inquiry takes up too much time, 

cluster 2 responses are uncertain, while cluster 3 responses disagree with this 

statement.  
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The MDS analysis shows that there are similarities in the responses by particular 

cohorts of teachers, in terms of their attitudes to inquiry as previously defined.  To 

determine why the groups have clustered in this way, an analysis of the different 

curricula in each country and the role of inquiry within the curriculum in conjunction 

with analysis of time available for science teaching might be informative.   

The cohorts that are in Cluster 1 in the MDS analysis are also the cohorts that have 

high proportions of VE teachers, in comparison to other cohorts. Therefore further 

analysis of the data in terms of the experience level of the teachers was carried out.  

Figure 3 shows the responses to the three statements, based on the level of teacher 

experience in IBSE.   

 

Figure 2. MDS diagram for Attitude to Inquiry (Letters A-M refer to different teacher 

cohorts) 
 

Analysing the responses, based on level of experience, clearly shows a greater level of 

uncertainty in the BE grouping and increasing certainty for those with SE and VE for 

all three questions in this section.   

A dominant reason from literature as to why teachers do not implement inquiry in the 

classroom is the perception of the lack of available time.  However Figure 3, first 

graph, clearly indicates that for the VE teacher, that time is not an obstacle in 

implementing inquiry methods.  Those classifying themselves as having some 

experience with inquiry are more divided with almost equal numbers agreeing and 

disagreeing with the statement.  The beginner group are more uncertain. 

While the majority of the teachers overall felt that inquiry methods are appropriate to 

achieve the aims of their curriculum there was again a significant difference between 

beginners and very experienced teachers responses to this item with the very 

experienced group strongly agreeing that inquiry methods were appropriate to the 

curriculum (Figure 3, second graph).   
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Figure 3. Responses to questions relating to Attitude to Inquiry, based on individual 

teacher experience in IBSE (SD, D, U, A, SA abbreviate for strongly disagree, 

disagree, uncertain, agree, strongly agree)  

 

The SE teacher group also showed agreement with this statement with the BE group 

similar in responses to the SE group.  There is an interesting group of VE teachers 

who indicated strongly that inquiry was not suited to the aims of their curricula.  This 

group have been identified to try to determine whether this is due to their particular 

curriculum or due to their attitude to IBSE. 

 

In terms of inquiry being a suitable methodology for all students, again the VE 

teacher group are more strongly of this opinion with the BE group more uncertain.   

 

CONCLUSION 

During the ESTABLISH project a profiling instrument was designed to collect 

characteristic data about in-service science teachers so as to identify the starting 

points for these teachers and observe changes which may occur following their 

participation in the ESTABLISH Teacher Education programme.  The group of 

teachers that participated in this study covered the spectrum of ages and years of 

teaching experience of the teaching profession.  Many of the attitudes recorded in this 

study were very positive towards inquiry based teaching.  Most of the teachers agreed 

that inquiry methods were appropriate to achieve the aims of their curriculum, and as 

this sample group were from a number of European countries, this would indicate that 

inquiry methods can fit in with the respective national science curricula.   

The data reported in this paper form only a part of a bigger study to determine in-

service and pre-service teachers’: 
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 Attitude towards inquiry 

 Importance of Industrial links 

 Practice in the inquiry classroom 

 Personal skills in relation to inquiry 

And also to determine any changes in these elements following the ESTABLISH 

Teacher Education Programme. 

From the data reported in this paper, it is clear that there are distinctions among the 

teachers based on their level of experience in inquiry based teaching methods.  Those 

teachers who rated themselves as ‘very experienced’ were obvious practitioners of 

inquiry practices and had overcome problems often associated with IBSE, such as 

time, curricular pressures etc.  For those who were rated as ‘beginners’ in IBSE, 

responses indicate that these issues are still a problem for them.  It is important to 

developing a Teacher Education Programme in IBSE, that these issues are discussed 

and that those beginning in IBSE can be supported to overcome them. 

Using this approach of understanding the profile of the participating teachers, the 

focus of the Teacher Education Programme can be designed and adapted to 

appropriately suit the needs of those participating so as to support and sustain the use 

of inquiry as the main teaching method.   
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Abstract: Pathway project (FP7/2007-2013, grant agreement no. 266624) focuses its 

efforts on Inquiry-Based Science Education (IBSE) and its wide-scale adoption in 

Europe. This paper reports the outcomes of the 62 Pathway Practice Reflection 

Workshops which were carried out during 2012 and 2013 locally in the countries 

providing Pathway IBSE training and teachers’ support activities (Austria, Belgium, 

Bulgaria, Finland, Germany, Greece, Ireland, Italy, Romania, Russia, Spain, 

Switzerland and UK). The workshops informed the consortium about the effectiveness 

of the training and implementation activities. They were an opportunity to reflect on the 

results of the training, helped to revise, when necessary, the Pathway IBSE model and 

adapt the training accordingly. The outcomes of the Practice Reflection Workshops 

reported here could be used to improve further IBSE training and provide suggestions 

on how to support the IBSE adoption in the future.  

Keywords: inquiry-based science teaching, teacher training, pathway, teaching science 

by inquiry 

 

INTRODUCTION 

Inquiry-Based Science Education (IBSE) has been in focus for researchers and early 

adopters for many years (NRC 1996, NRC 2000, NRC 2001, Bybee 2000, Khalick et al. 

2010). It has been promoted for improving learning in sciences, but also due to its 

motivating power and its potential for overcoming the declining interest of student in 

studying sciences in higher education. Since the Rocard report (2007) its importance in 

Europe has increased, aiming now at a wide adoption of this methodology in most EU 

countries (Minner et al. 2010).  

The Pathway project (www.pathway-project.eu) faces the challenge of facilitating such 

wide adoption linking several strategies: a Standardized Framework for IBSE (Levy et 

al. 2011), a unique collection of open educational resources linked with the science 

curricula (Bogner et al. 2012)
1
, and a community of active teachers and other 

stakeholders to promote inquiry (Barajas & Trifonova, 2011). 

The main impact of Pathway was through a large set of teacher training, such as 

courses, workshops and seminars. Furthermore, the Pathway consortium organised a 

series of Participatory Engagement Activities involving all stakeholders. This article 

will focus on the Practice Reflection Workshops. The workshops seek to inform the 

consortium about the effectiveness of the training and implementation activities. They 

were an opportunity to reflect on the results of the training, helping to revise, if 

necessary, the Pathway IBSE model and adapt the training.  

                                                 
1 See the Pathway Best Practices per category: 1) Inquiry Activities for Schools, 2) Connecting 

Schools & Science Centers, 3) Connecting Schools with Scientific Research and 4) Teachers' 

Professional Development http://www.pathway-project.eu/content/pathway-best-practices   
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THE STUDY 

The study we report here considers the second step of a three-phase intervention on the 

Pathway Community of Practice The first cycle of workshops was a series of Visionary 

Workshops that provided direct input to the Pathway Standardized Framework and 

initiated discussion about the needs, limitations, and barriers for implementing IBSE.  

Two cycles of workshops further inform the design process: 1) Practice Reflection 

Workshops which were carried out during 2012 and 2013 providing input from 

experience and knowledge gained through the large scale implementation and 2) a series 

of Summative Workshops organised at the end of 2013 to evaluate and summarise all 

Pathway activities. 

 

The workshops were planned as engagement activities in order to achieve maximum 

impact in the target audience, namely teachers, teacher trainers, students, parents, 

curriculum developers, policy makers and the other stakeholders. They were also a 

mechanism for involve a wide range of voices in the debate over the present and the 

future of science education and IBSE. 

Pathway Community of Practice engagement activities were well incorporated into the 

whole pathway approach, and more concretely to the Pathway training activities, as 

shown in the figure below. The second cycle - Practice Reflection Workshops – were 

carried in parallel with the training activities and informed the partnership about the 

effectiveness of the training and implementation activities, suggesting possible 

improvements. 

  

Pathway Practice Reflection Workshops were carried out during 2012 and 2013 locally 

in the countries providing IBSE training and teachers’ support activities. In total, 62 

workshops with almost 1000 participants that have taken place in 13 countries (Austria, 

Belgium, Bulgaria, Finland, Germany, Greece, Ireland, Italy, Romania, Russia, Spain, 

Switzerland and UK).  

These Practice reflection workshops aimed to answer the following questions: 

 Are the initial objectives of the proposed Pathway approach being met?  

Visionary 

Workshops 

Practice 

Reflection 

Workshops 

Summative 

Workshop 
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 What is the impact of the training (along with other activities) on the individual 

teacher? On the school? On the system? 

 What are the necessary changes in order to proceed?  

 

The workshops seek to inform the consortium about the effectiveness of the training and 

implementation activities. They were an opportunity to reflect on the results of the 

training, helping to revise, if and when necessary, the Pathway IBSE model and adapt 

the training accordingly. The workshops respond to the PATHWAY objective of 

building a group of practitioners of inquiry who will share leading practices and 

influence policy development, teachers with specific change management competences 

required to operate successfully as change agents in their schools facilitating the 

implementation of inquiry based methods. Thus, the general aspects we looked at were 

the following:  

- The features of PATHWAY Inquiry Learning Approach 

- The PATHWAY science teacher  

- Impact of PATHWAY on the educational system 

The 62 workshops were organised following common guidelines
2
. Nevertheless, each 

consortium member was given the freedom and the flexibility to adapt the event to its 

local circumstances and participants. 

Participants in these Workshops were selected among those involved in the training 

activities, but in many cases also other stakeholders were included, such as 

representatives of museums and science centres, teacher trainers, etc. In general partners 

were looking at the change actors that can influence the adoption of IBSE in the 

educational system. 

 

OUTCOMES 

In overall, Pathway Practice Reflection Workshops conclude that Pathway training 

activities have achieved their planned goals, i.e. they have helped teachers to increase 

their general understanding of IBSE, to learn about the Pathway standard 7 essential 

IBSE features methodology and the IBSE variations, and teachers got awareness of the 

large collection of Pathway Best Practices. Teachers recognised the value and the 

possibilities opened by the IBSE methodology. They gained initial practical skill on 

creating own IBSE lesson plans, but most importantly, Pathway activities have 

increased teachers’ interest in implementing the method in classroom settings. 

 

Impact of the training and complementary activities on the teacher 

Most of the participants in Pathway training were satisfied by the received CPD. 

Furthermore, they were willing to implement the inquiry-based teaching technique in 

their school practice. This willingness and teachers’ confidence is stronger after longer 

training activities (i.e. courses in contrast of workshops or seminars). On the other hand, 

short training events serve to increase teacher´s interest, and leave them with the 

willingness to learn further on how to apply the IBSE methodology, receive in-depth 

                                                 
2
 Pathway internal deliverable D4.1: Pathway Specifications for the Organisation of Workshops 
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training about inquiry teaching and look for IBSE activities that could be applied 

directly in their own context. 

 

New teacher’s competencies  

Teachers believe they have increased their knowledge about IBSE and have seen 

examples/best practices that could inspire them in implementing IBSE in their 

classrooms. Many misconceptions about IBSE were clarified through Pathway training 

and additional activities, although further training and practicing of the method might be 

needed to fully and correctly apprehend and apply it. Furthermore, teachers highly 

valued the discussion sessions in which they were able to share their experiences, 

thoughts and ideas about IBSE with other science teachers as examples from peers often 

give a stronger motivation than books/guidelines.  

Virtual Learning Environments (VLE), including simulations and virtual labs have been 

found effective and useful for ‘hands-on’ to be achieved virtually. It has been validated 

by a significant number of online findings which, however, highlight a conflict with 

teachers’ opinion that ‘a scenario where VLEs would take over from practical would not 

be welcome’. The workshops review that it might be expected that through appropriate 

training, the use of VLEs would most likely increase. 

Still, often teachers feel certain lack of competences related to evaluation of IBSE 

activities in an exam-centered educational environment. Teachers need to be able to 

adapt the IBSE approach for different types of learners and that good facilitation skills 

for group discussion are required. Finally, better classroom management competencies’ 

might be needed on how to work with a classroom of 30 students in an IBSE-manner. 

Important fear is the one that with IBSE they will lose control over the classroom. All 

these issues might be tackled by further training and/or practicing IBSE. 

 

Newly identified training needs 

Though Pathway provides a wide spectrum of best IBSE practices, teachers require 

additional support materials to facilitate their classroom implementation. Teachers 

believe they need up-to-date materials that include subject knowledge information.  

Special emphasis was put on support for ethical discussions that this approach may 

prompt among students. 

More support and training is requested for IBSE assessment. Teachers mention peer 

teaching and assessment as a possibility that fit well the Pathway IBSE model. 

 

Impact on the schools and the educational system 

Support from school management for inquiry is considered as passive, due to pressure 

to achieve high grades, pressure from parents, students and other teachers. Some 

teachers report that continuous teacher training is a personal decision of the teacher and 

is rarely discussed with the school administration in advance. Training that are provided 

by recognised institutions which issue certificates and have direct impact on the teacher 

salary/career are highly appreciated.  
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Considering impact outside each particular school, small share of the teachers intend to 

discuss about IBSE with external entities, such as parents, school inspectors, etc. 

Workshops participants, however, see very relevant the increased use of inquiry science 

taking place outside the schools in science museums, science fairs, etc. They believe the 

link to the school activities should be further explored. 

Workshops participants consider important to plan training to pre-service and newly 

graduated teachers for boosting the wide usage of IBSE in schools and increasing the 

overall IBSE adoption in the future. 

The assessment system is still considered as the biggest barrier to inquiry at all levels. 

Some teachers opinion that while curricula have and are changing, the assessment 

system has not and must change if inquiry is to increase in schools. There are high 

levels of pressure on teachers for students to achieve high grades. There is insufficient 

time left for inquiry.  

 

RECOMMENDATIONS FOR FUTURE IBSE TRAINING 

In general, Pathway training activities have been valued as adequate and were highly 

appreciated. The Pathway framework is regarded as a useful model for supporting the 

progress from a more directed to a more independent individual learning. The model is 

effective in helping to overcome a formulaic approach to teaching science investigations 

(practical work). Nevertheless, some believe that exact implementation is difficult (even 

not realistic) in the current school setting. 

Few further improvements of the training could be considered: 

 Increase the time to discuss examination pressures and how IBSE activities 

support content knowledge acquisition. Teachers need to discuss (between them 

and with experts) the implementation of concrete IBSE scenarios and reflect 

issues related to assessment (difficulties to match traditional formal assessment 

with IBSE) and exams pressure. 

 Include suggestions and tips for how to apply the approach with different types 

of learners and contexts (specific teaching and learning strategies). 

 Increase training on VLE for simulation and virtual laboratories, such as PhET.  

 Plan for pre-service IBSE training, as in many countries is not included.  

 Add special emphasis IBSE assessment. Possible approaches might include peer 

assessment, or use of rubrics that fit well the Pathway IBSE model. 

 Support for ethical discussions that IBSE may prompt among students. 
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Abstract:  The study deals with the use of Inquiry-based science education (IBSE) 

that is the core focus of the FP7 ESTABLISH project (funding from the European 

Community's Seventh Programme [FP7/2007-2013] under grant agreement no 

244749). This study focuses mainly on collecting evidence about the impact of IBSE 

on students, who were one of the project target groups. The objective of the project 

ESTABLISH is the wide use and dissemination of inquiry-based teaching method for 

science education at secondary schools across Europe by creating authentic learning 

environments, involving all stakeholders to drive change in the classroom. Over the 

course of the project, a number of ESTABLISH teaching and learning materials 

(IBSE) units have been developed and adapted for the use in classrooms in 

participating countries. The effective implementation of IBSE requires well-educated 

teachers; hence, in-service teachers participated in at least 10 hours professional 

development training followed by the implementation of IBSE methods and materials 

in their classrooms. The impact of IBSE implementation on students was assessed 

with the help of instruments and tools adapted and developed for this purpose. The 

assessment focuses on the impact on intrinsic motivation for learning science, on 

students’ appreciation of the importance of science and technology in society and the 

impact on students´ inclination towards taking up careers in science, in particular. The 

paper discusses the evaluation instruments as well as the evaluation results.   

 

Keywords: inquiry, assessment, questionnaire, Establish project 

 

THEORETICAL FRAMEWORK 
Inquiry-based science education (IBSE) is the main focus of the FP7 ESTABLISH 

project. Its main objective is the wide dissemination of   IBSE across Europe. Within 

the project, a number of teaching and learning materials based on IBSE methods have 

been developed and implemented in the classrooms across Europe. When assessing 

the impact on students, different methods can be used, either typical or appropriate for 

IBSE or generally accepted for getting evidence about students’ performances.  

Generally, inquiry connected with science can be divided into two groups 

(Champagne, Kouba, Hurley, 2000): scientific inquiry practiced by natural scientists 

and science-related inquiry practiced by science literate adults and students. So that 

purpose of the first group work is to understand the natural world, whilst the purpose 

of the second group is prevalently to obtain scientific information necessary to make 

reasoned decision. It is obvious that educational field deal with the second group and 

the assessment concerns the way of work. The science related inquiry usually has 
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several phases (Champagne, Kouba, Hurley, 2000): precursor, planning, 

implementation and closure or extension, which are in agreement with definition 

stated by Linn, Davis and Bell (2004): Inquiry is the intentional process of diagnosing 

problems, critiquing experiments….planning investigations, researching conjectures, 

searching for information, constructing models, debating with peers and forming 

coherent argument. For example, an important part of the first phase formulating 

appropriate question which will guide the investigation, what includes also 

formulating rationale for the question, communication the question and rationale with 

peers, responding reasonably to criticism by peers and so on. The assessment can be 

provided during or after each phase and both partners enrolled in education process 

(teacher – students) can participate on the assessment. The inquiry process usually 

takes a lot of time and it is not just a plan for 45 minutes. These conditions need to be 

taken into account when creating a way of assessment. The typical assessment process 

is complex and includes both daily and weekly or long term assessment. Daily 

assessment strategy for example include (Champagne, Kouba, Hurley, 2000): 

questions students during lessons, cursory reviews of student work, or short-term 

observations of student performance. Long term assessment can for example include: 

gives short quizzes, reviews student work, or makes long term observation of student 

performance.  

 

As stated above, collecting evidence about the impact of the ESTABLISH project on 

the students can be designed with emphasis on the students’ outcomes rather than on 

the teaching and learning processes. It is necessary to discuss and choice areas of our 

interest where the impact will be collected. Generally, assessment should reflect the 

set objectives, so main objectives of the project with regard to students will be stated.  

Below, we will shortly discuss goals which influence both affective and cognitive part 

of students’ development. As a project which has received funding from the European 

Community's Seventh Programme, The Establish project is in line with educational 

goals of EU, where is the strong support for engagement young people into the 

science fields (Report by the High Level Group on Increasing Human Resources for 

S&T in Europe, 2004). Based on the objective collecting evidence about impact on 

students in the following areas should be provided: students’ motivation to understand 

science and the world around us, their appreciation importance of science and 

technology for society and their motivation to take-up career into science and 

technology field. These aspects concern students’ attitudes towards science. Finding 

out impact of the project on students cognitive skills can be focused on several aspects 

(Learning how to learn, 2006): knowledge about the natural world, a process of 

logical reasoning about evidence, a process of conceptual evolution, a process of 

participation in scientific practices and a process of observing, questioning and 

experimenting. The two latter aspects would be better found out via the firstly 

mentioned approach where classroom processes are observed. 

 

METHODS AND PARTICIPANTS 

Instruments  

The evaluation of the impact of IBSE on students is focused on the following fields: 

 the impact on intrinsic motivation for learning science taking into account various 

pre-conditions, e.g. gender, cultural differences, 
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 the impact on students´ (boys and girls) appreciation of the importance of science 

and technology in society, 

 the impact on students’ inclination towards taking up careers in science, 

 collecting evidence to assess the development of students’ analytical skills and 

learning processes. It is important to determine if there is a gender effect to this 

development. 

 

For collecting evidence two questionnaires based on the existing tools have been 

used. Questionnaire 1 is a part of Intrinsic Motivation Survey based on the Self-

determination theory developed by Ryan and Deci (2000). It is aimed at assessing 

students´ interests, their perceived choice and usefulness of implemented learning 

units and should be answered after each learning unit/several IBSE activities.  

Questionnaire 2 assesses impact on students’ attitudes towards science and 

technology and on their knowledge about nature of building up science knowledge. It 

consists of two independent parts: adopted part of the ROSE questionnaire (Schreiner 

& Sjøberg, 2004) and the Epistemological Beliefs Assessment for Physical Science 

(Louca et al, 2004). There were dimensions connected to knowledge selected, i.e. 

structure of scientific knowledge, nature of knowing and learning and evolving 

knowledge. It is intended for collecting data from students who completed at least 

three learning units. 

Both questionnaires exist in a lower and upper secondary school version (12-15/16-19 

year-old students). 

 

Pilot study 
The pilot study – an item analysis and review – was inspired by TIMSS 1999 

Technical Report (Martin et al, 2000). In order to assess the properties of the 

evaluation instruments, several diagnostic statistics were computed. These statistics 

were carefully checked for any evidence of unusual item behavior. If an item had an 

untypical property, this sometimes suggested a translation or printing problem. Any 

item that was discovered to have a flaw in a particular type of the questionnaires (in a 

particular country), a special attention was paid to similar cases in other types of the 

questionnaires and their translations.  

The review and item analysis consisted mainly of the following parts: sample, time 

needed to complete the questionnaire, omitted items, consistency of results and survey 

of problems and their solutions. The basic statistics for the item analysis were 

calculated using MS Excel and Statistica. 

The number of the participants included in the pilot study was 326 for questionnaire 1 

(121 lower, 205 upper secondary school students), 435 for questionnaire 2 (147 lower, 

288 upper secondary school students), total 761 students. Five countries were 

included in it – Czech Republic, Germany, Italy, Poland and Slovakia. 

The estimated time to complete the questionnaires was not exceeded – 15 minutes for 

questionnaire 1 and 35 minutes for questionnaire 2. 

The percentage of students that omitted the item was less than 5 % (for a country and 

a type of the questionnaire). There were only a few exceptions. 

To determine the consistency of results, the Standard Pearson correlation coefficient 

was computed (for part 1 of questionnaire 1). For this purpose, the data from the 
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Czech Republic (N = 136) was used, because this sample was the largest one. All 

items from the part 1 of questionnaire 1 are related to intrinsic motivation of students 

and can be divided into three groups – subscales. The items within such a subscale are 

very similar. Based on this fact, we can explore whether students really assessed the 

statement or if they only put marks by chance. In other words, we can explore 

whether students responded the items seriously or not. Based on the findings where all 

correlation coefficients are significant at p < ,05, we can conclude that participants´ 

answers (questionnaire results) were consistent. They expressed their opinion 

repeatedly in the same (or very similar) way, so we can assume that it is meant 

seriously.  

Similar results were obtained for approx. 1600 Slovak students included in the below 

described survey. The values of correlation coefficient were from 0.50 to 0.82 

between direct items and from -0.30 to -0.59 between the reverse and direct items (all 

of them significant at p < 0,05). 

Based on the pilot study, the main changes proposed for the improvement of the 

questionnaire survey were the following: review of translation, attention to printing, 

and adding the participant´s birth date to the code in the header of the questionnaire 

(which enables to use pair statistical tests). We can add to them that it is necessary to 

support motivation of students (and teachers as well) to complete the questionnaires. 

 

Data processing 
We provided these statistical processing for obtaining presented results:  

 descriptive statistics,  

 correlational analysis, 

 judging of statistical significance of differences,  

  by t-test 

  and by Kolmogorov-Smirnov nonparametric test. 

 

It was used software Statistica (Statsoft Company, Inc.).  

 

Participants 
Questionnaires 1 (A and B) was addressed to more than 3100 students aged in range 

11 to 18. Questionnaire A for upper secondary schools was answered by 2502 

students from Slovakia, Poland, Italy and Czech Republic. In the sample, there were 

almost 60 % of girls there. Questionnaire B for lower secondary schools was 

answered by 646 students from Slovakia, Poland, Italy, Czech and Germany (48 % of 

girls).  

Almost 900 students participated in pre- and post- testing, i.e. questionnaire 2 (A and 

B) was addressed to them. They were aged in range 11 to 18. 

Since we present summary results and also detailed results from Slovakia, here is the 

detailed description of participants from Slovakia.  

Detail description of participants from Slovakia 

In the period of October 2011 to February 2013, there were experimental teaching 

based on the ESTABLISH materials with implementation of IBSE methods running at 

Slovakian lower and upper secondary schools (students aged 12-15/16-19 eventually). 
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It was carried out by teachers who participated in 4-days training in IBSE. In the 

period November 2011 to February 2012, 50 science (physics, chemistry and biology) 

teachers took part at 12-hours training.  Following on from this, teachers have 

implemented the ESTABLISH units into teaching in different amount (Table 1).  The 

earlier units piloting resulted in the modification and editing the questionnaires items 

as well as for gaining the first feedback from students and from teachers.  

 

Table 1  

Implementation of IBSE  

Subject Unit Period School Number 

of 

teachers 

Number of 

students 

Biology 

Disability 

 

Oct-Nov 

2011 

 

Lower sec 

4 134 

Oct-Nov 

2011 

Upper Sec.  4 199 

Blood 

Donation 

 

Jan–April 

2012 

 

Lower Sec. 

5 207 

Jan–April 

2012 

Upper Sec. 5 387 

Water in the 

Life of Man 

Jan-Feb 

2013 

Lower Sec. 3 in progress 

Jan-Feb 

2013 

Upper Sec. 3 in progress 

Physics Sound 

Feb–Sept 

2012 

Upper Sec. 14 302 

Feb–June 

2012 

Lower Sec.  2 50 

Chemistry 

Exploring 

Holes 

Nov–Dec 

2011 

Lower Sec 5 249 

Nov–Dec 

2011 

Upper Sec. 2 41 

Polymers 
Feb 2012 Lower Sec  3 62 

Feb 2012 Upper Sec. 2 58 

 

The implementation of IBSE and its impact on students was the subject of interest of 

the experimental teaching carried out from February 2012 (Table 1 - in bold).  

The students completed questionnaires 1 and 2. Into the analysis there were included 

only students who answered both pre and post questionnaires in order to compare 

their answers (Table 2).  
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Table 2  

Number of students who answered questionnaires  

Subject Unit School Number of 

students who 

answered 

questionnaire 1 

Number of 

students who 

answered 

questionnaire 2 

Biology 
Water in the 

Life of Man 

Basic  
in progress 

Secondary  

Physics Sound 
Secondary  1386 218 

Basic  252 38 

Chemistry Polymers 
Basic 45 45 

Secondary  15 15 

 

RESULTS  

The results of the first runs of experimental teaching were used for modification of the 

questionnaire items and gaining first feedback from students as well as from teachers. 

The next run analysis showed the following summary results for the both upper and 

lower secondary students (aged 11-19). Further, detailed results for students from 

Slovakia are presented.  

 

Results concerning motivation and communication during lessons 

Summary for respondents from all participating countries 
 

Within dimension Interest/Enjoyment students obtained relative score between 69 % 

and 83 %, where 100% would mean that they perceived the lessons the most 

interesting and the most enjoyable. So that, the general evaluation is positive (approx. 

5 to 6 on 7 point scale for direct items). There is no statistically significant difference 

between gender or girls are more positive than boys and in the case, they assess 

learning units as more interesting.  

In dimension Perceived Choice students obtained relative score between 60 % and 69 

%. In the case, the general evaluation is average or slightly positive (approx. 4 to 5 on 

7point scale for direct items).  

Dimension Value/Usefulness obtained from students relative score between 64 % and 

78 %. As for the dimension Interest/Enjoyment, we can find the general evaluation as 

positive (approx. 4 and 6 on 7point scale).  

The communication is assessed mostly as average or positive (approx. 3 to 4 on 

5point scale). 

 

Detailed results from Slovakia for upper secondary schools 

In the field of Interest/Enjoyment - to what extent students like the performed 

activity and find it interesting – students express the provided learning activities were 

interesting for them and they enjoyed them. Detailed results are shown in the table 

below.  
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Table 3  

Gained score for dimension Interest/Enjoyment 

 Score in %    

 Interest/Enjoyment girls boys Difference 

girls x boys? 

Slovakia 69,20 72,27 66,11 Yes* 

*based on Kolmogorov-Smirnov test 

 

In the field of perceived choice – to what extent students perceive their choice when 

performing a given activity – students chose the middle option on average. Data 

indicates that the students lack of strong opinion about perceived choice. 

 

Table 4  

Gained score for dimension Perceived choice  

 Score in %    

 Perceived 

choice 

girls boys Difference girls x 

boys? 

Slovakia 59,54 61,52 57,56 Yes* 

*based on Kolmogorov-Smirnov test 

 

In the field of Value/Usefulness – how students perceive the value/usefulness of a 

given activity for themselves – students overall agreed with each item. The results are 

similar to the result of Interest/Enjoyment dimension. Students express the provided 

activities were slightly useful for them. 

 

Table 5  

Gained score for dimension Value/Usefulness 

 Score in %    

 Value/usefulness girls boys Difference 

girls x boys? 

Slovakia 68,51 70,96 66,07 Yes* 

*based on Kolmogorov-Smirnov test 

 

Chance to communicate about the activities can have impact on motivational aspects, 

so that we include in the questionnaire a part concerning communication as well. 
Students assess how often they communicated, using a five-point scale:  
1 – almost never, 2 – seldom, 3 – sometimes, 4 – often, 5 – almost always. Detailed 

results are shown in the table below. 
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Table 6  

Averaged gained score for items about communication 

Item  Averaged gained 

score 

(mean) 

all girls boys 

No. 1 In this class, I get the chance to talk to the other 

students. 

3,96 3,97 3,96 

No. 2 In this class, I talk with other students about how to 

solve problems. 

3,60 3,61 3,59 

No. 3 In this class, I explain my ideas to other students. 3,18 3,18 3,18 

No. 4 In this class, I ask other student to explain their 

ideas. 

3,07 3,12* 3,02* 

No. 5 In this class, other students ask me to explain my 

ideas. 

2,87 2,88 2,86 

No. 6 In this class, other students explain their ideas to me. 3,15 3,17 3,13 

*based on Kolmogorov-Smirnov test, this difference is statistically significant.  

 

Results concerning attitudes toward science and cognitive skills 

Summary for respondents from all participating countries 

In the before and after whole teaching (series of activities) questionnaire several 

aspects were examined. The results were compared using appropriate statistical 

testing. There was a set of questions assessing students’ opinion about science lessons 

and their attitude towards taking up career in science or technology. Statistically 

significant differences between the pre- and post-test are rare.  However, there is one 

exception verified in two countries (in three groups of students):  

 Polish girls from upper secondary and Slovak students (both from lower and 

upper secondary) agree more in the post- than in the pre-test with the 

statement “I would like to get job in technology.” 

A set of 16 questions were used to assess how students perceive the role of science 

and technology in society. Statistically significant differences between the pre- and 

post-test are rare as well. Again, there are two exceptions verified in two countries: 

 Italian students from lower secondary and Slovak students from upper 

secondary agree more in the post- than in the pre-test with the statement 

“Science and technology are helping the poor.” 

 Polish students from lower secondary and Slovak students from upper 

secondary agree less in the post- than in the pre-test with the statement “A 

country needs science and technology to become developed.” 

 

The part of the questionnaire focused on students’ epistemological beliefs contained 

items involved into three dimensions (according to the authors of the original 

questionnaire):  

1. Structure of scientific knowledge. Is physics and chemistry knowledge a bunch of 

weakly connected pieces without much structure and consisting mainly of facts and 

formulas? Or is it a coherent, conceptual, highly-structured, unified whole?  
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2. Nature of knowing and learning. Does learning science consist mainly of absorbing 

information? Or, does it rely crucially on constructing one's own understanding by 

working through the material actively, by relating new material to prior experiences, 

intuitions, and knowledge, and by reflecting upon and monitoring one's 

understanding?   

3. Evolving knowledge. This dimension probes the extent to which students navigate 

between the twin perils of absolutism (thinking all scientific knowledge is set in 

stone) and extreme relativism (making no distinctions between evidence-based 

reasoning and mere opinion). 

Obtained relative scores for each dimension is shown in the list below. Relative score 

100 % would mean  

1. Students believe that science knowledge is coherent, conceptual unified whole 

(dimension 1). 

2. Students believe that learning science rely on constructing one’s own 

understanding (dimension 2). 

3. Students are between the twin perils of absolutism (thinking all scientific 

knowledge is set in stone) and extreme relativism (making no distinctions 

between evidence-based reasoning and mere opinion) (dimension 3). 

Dimension Structure of scientific knowledge – relative score in the pre-test 49 % to 65 

%, in the post-test 52 % to 66 %. 

Dimension Nature of knowing and learning – relative score in the pre-test 54 % to 73 

%, in the post-test 53 % to 69 %. 

Dimension Evolving knowledge – relative score in the pre-test 43 % to 58 %, in the 

post-test 50 % to 62 %. 

Statistically significant differences between the pre- and post-test are rare. However, 

there are a few exceptions: There is a statistically significant increase in Evolving 

knowledge (Italian lower secondary and Slovak upper secondary) and a statistically 

significant decrease in Nature of knowing and learning (Slovak upper secondary). 

 

Detailed results from Slovakia for upper secondary schools 
Firstly, we will present results concerning students’ opinion about science lessons 

and their attitude towards taking up career in science or technology. The focus is 

on the difference between boys and girls for the pre-test results and for the difference 

of the results from pre- and post- test. In the pre-test, there are statistically 

significant differences between girls and boys: Girls agree more than boys with 

“School science is a difficult subject”and “The things that I learn in science at school 

will be helpful in my everyday life.” Boys agree more than girls with “I would like to 

get a job in technology.” 

 

Students agree more in the post-test (than in the pre-test) with the item “School 

science is a difficult subject”* **; “School science has made me more critical and 

sceptical”* **; “School science has increased my curiosity about things we cannot 

yet explain”*; “School science has increased my appreciation of nature”**; “I would 
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like to have as much science as posible at school”* and “I would like to get job in 

technology”**.  

An item marked * means significant also by girls, marked ** significant also by boys. 

However, students agree less in the post-test (than in the pre-test) with the item 

“School science is rather easy for me to learn”. 

 

Secondly, results concerning students’ opinions about science and technology are 

presented. In the pre-test, boys agree more with “The benefits of science are greater 

than the harmful effects it could have”. Students agree less in the post-test (than in the 

pre-test) with the item “Science and technology are important for society”**; 

„Thanks to science and technology, there will be greater opportunities for future 

generation”* **; “A country needs science and technology to become developed”* 

**; “Scientific theories develop and change all the time”*. An item marked * means 

significant also by girls, marked ** significant also by boys. However, students agree 

more in the post-test (than in the pre-test) with the item “Science and technology are 

helping the poor”**; “We should always trust what scientists have to say” **. 

Thirdly, results focused on students’ epistemological beliefs are shown. Students 

from Slovakia obtained relative score in the particular dimension as shown below:  
 Structure of scientific knowledge – relative score in the pre-test 55 % and 56 

% in the post-test. 

 Nature of knowing and learning – relative score in the pre-test 56 % and 52 % 

in the post-test. 

 Evolving knowledge – relative score in the pre-test 50 % and 53 % in the post-

test. 

In the pre-test, girls obtained statistically significant more points in Evolving 

knowledge than boys. In the post-test, the evaluation is statistically significant worse 

than in the pre- test in Nature of knowing (for boys and girls as well,  however better 

in Evolving knowledge. 

 

CONCLUSIONS AND IMPLICATIONS  

Based on the responses to the questionnaires it can be clearly seen that the students’ 

opinion on the activities they carried out is positive; they consider them interesting, 

enjoyable and useful. There is indication of a slight impact on students motivation and 

attitude towards science lessons, nevertheless the impact on students views on science 

and its role in society has not changed, neither has their inclination towards taking up 

careers in science or technology. Considering the fact that teachers went through a 

short training in IBSE and therefore they do not have enough experience and 

confidence in the changed classroom environment and also taking into account the 

fact that there was quite a small amount of IBSE activities implemented into teaching, 

the results can be considered positive. However, teachers gained a lot of experience 

and more confidence and awareness about the process and methods of IBSE. This 

study will be followed by the ongoing teacher education with more complex (across 

several subjects) implementation and evaluation of IBSE methods and materials into 

education.  
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Abstract: It is acknowledged internationally that teachers’ Professional Development (TPD) 
is crucial for reforming science teaching. The Danish QUEST project is designed using 
widely agreed criteria for effective TPD: content focus, active learning, coherence, duration, 
collaborative activities and collective participation, and is organised on principles of situated 
learning in Professional Learning Communities (PLCs). QUEST-activities follow a rhythm of 
full day seminars followed by a period of collaborative inquiries locally. A major theme in the 
first year has been Inquiry Based Science Education (IBSE).  
The research presented focuses on the participating teachers’ intertwined levels of individual 
and social learning. Data from repeated surveys and case studies reveal a positive attitude 
towards trying out IBSE locally, however with the main part of the reflections focused on 
students’ hands-on experiences and fewer including students’ minds-on. Teachers’ reflections 
indicate that many are positive towards QUEST seminars based on trying out activities 
directly applicable in the classroom. Case studies indicate a potentially more sustainable 
development, where the teachers collaboratively re-design existing teaching activities using 
the IBSE principles. By doing so they appear to gain experiences to support local design of 
inquiry based learning experiences for students also in new content areas.  
Keywords: Teacher Professional Development, Teacher Learning, Inquiry Based Science 
Education, Professional Learning Communities 
 
INTRODUCTION 
This paper presents the first research results from the Danish QUEST project (“Qualifying in-
service Education of Science Teachers”). The research focuses on participating science 
teachers’ individual and social learning.  
The QUEST project is a large-scale (5 municipalities, 43 schools, 450 teachers), long-term 
(2012-2015), teacher professional development (TPD) project. The purpose of QUEST is to 
develop a long–term sustainable model for TPD. Overall the project is divided into two main 
phases: Phase 1 (implementation) and phase 2 (institutionalization) (Figure 1). In Phase 1 
teachers’ professional competencies are developed through participation in various course-
modules, and local inquiries. In phase 2 external support for the participating schools ideally 
will fade incrementally, as the local schools and municipalities become more self-sustainable 
in relation to collaborative development of science teaching at and across schools.  
QUEST-activities in the implementation phase follow a rhythm (“QUEST-rhythm”) of full 
day seminars, where the participating teachers are introduced to research results and research-
based materials, followed by a period of individual enactment in own practice and 
collaborative inquiries organized by the local science team (Figure 2). 
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Figure 1. An overview of phases and course-modules in QUEST. 
 
In autumn 2013 three seminars (5 seminar-days) were organised with two 4 weeks periods in 
between for trials in local classrooms, and discussions in the local science team (Figure 2). 
Experiences from these local inquiries were shared in the two follow up seminars. A major 
theme in this first course-module has been Inquiry Based Science Education (IBSE), which is 
recommended as a focus to improve science education internationally (Rocard, 2007). There 
are in the international research community different understandings about how precisely to 
conceptualize IBSE, and about how effective inquiry based methods are for student learning 
in science (Abrahams & Reiss, 2012; Minner, Levy, & Century, 2010). This we will shortly 
return to below. In the IBSE course-module we used teaching resources that has been 
developed in the Fibonacci-project (2012). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 2. The “QUEST-rhythm” of course-modules in the implementation phase.  
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RATIONALE 
Common challenges in science education are identified across Europe, and research and 
policy papers from the last decade highlight a need to develop science teaching (Rocard, 
2007). Science teachers’ professional development is currently discussed as a key factor in 
reforms. Research has highlighted the importance of creating stronger links between TPD and 
teachers’ daily practice and their reflections on student learning (Borko, 2004). But despite 
consensus based on TPD-research that core features of effective TPD are content focus, active 
learning, coherence, duration, collaborative activities and collective participation 
(Desimone, 2009; van Driel, Meirink, Veen, & Zwart, 2012), most teachers still only meet 
one-shot workshops detached from practice.  

Recent initiatives, like the German SINUS program (Ostermeier, Prenzel, & Duit, 2010), 
provide promising results in relation to designing sustainable TPD. SINUS is based on 
principles of research informed school - and network-based teacher learning and external 
support for instructional workshops. These results are supported by Jackson and Temperley 
(2007). Their research shows that network communities between teachers from different 
schools, that includes external support to network activities and opportunities for teachers to 
share knowledge of best practices, improves students’ learning outcome. A recent review 
however emphasizes the need for further research in particular with a focus on school 
organizational conditions (van Driel et al., 2012), and the research community highlights a 
need for more in-depth knowledge about the interplay between teacher collaboration and 
teachers’ individual learning (e.g. Meirink, Imants, Meijer, & Verloop, 2010).  

The research outlined here indicates that designing effective TPD is a complex affair that 
involves actors at many levels in the educational system. According to Darling-Hammond 
(2005) neither pure top-down nor bottom-up initiatives provide sustainable conditions for 
reforms of TPD. Reform initiatives need to be coordinated between different levels of the 
educational system, and Darling-Hammond argues that the most successful implemented 
reform initiatives are those that provide top-down support for bottom-up development. This 
principle has been a guideline in the overall design of QUEST. The overall focus in the 
present research is the intertwined level of teachers’ individual and social learning in the 
frames of the QUEST project designed with reference to the mentioned widely agreed criteria 
for effective TPD, and organised on principles of situated learning in Professional Learning 
Communities (PLCs) (Stoll, Bolam, McMahon, Wallace, & Thomas, 2006). Teacher learning 
refers to both teachers’ reflections and their enactments (Borko, 2004), and social learning to 
teachers developing a shared focus on student learning outcomes (Stoll et al., 2006). Both an 
individual’s change in knowledge, beliefs and actions and the interactive dynamics at a school 
are known to be complex. Bandura (1997) emphasizes personal and social change as 
complementary and both teachers’ personal and collective agency as crucial for sustainable 
professional development, so insights into these interplays are important in relation to the 
purpose of QUEST. 

 

RESEARCH QUESTIONS 
In the frame of the first year of the QUEST project the research questions are: 

RQ1. What characterizes individual science teachers’ construction of understanding of IBSE - 
their reflections - and their enactments in own classroom?  

RQ2. What characterizes the science teachers’ social construction of understanding of IBSE – 
their collaborative reflections - and their enactments as local PLCs? 
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RQ3. What factors can, in the interplay between individual and social learning, be seen as 
supporting or hampering sustainable development focused on student learning in science? 

 

METHODS  
The overall research design is mixed methods (Creswell & Clark, 2007). Both quantitative 
and qualitative data are retrieved during and after the 2012 activities (Figure 1). One part of 
data is a questionnaire distributed after IBSE activities with 5 point Likert-scale questions and 
open-ended categories focused on teachers’ experiences from the seminars, from trials in own 
classrooms, and from collaborative inquiries. This is supplemented with case studies at nine 
schools (diversity sampling: school size, town/rural etc.) including repeated classroom 
observations, interviews and observation from PLC-meetings. Qualitative data furthermore 
include observations from seminars. Likert scale questions are analysed by frequency, and 
open-ended reflections, and the qualitative observation data, are categorized/coded through an 
iterative data based process (Cohen, Manion, & Morrison, 2007).  

 
 
FINDINGS  
Results summing up on the teachers’ answers to some of the questions in the closed 
categories in the questionnaire are listed in Table 1. The participants rate their perceived 
outcomes from the IBSE module rather high (row a). They refer to having tried out IBSE at 
the local schools, following the QUEST rhythm, and most of them report positively about 
gaining new insight into student learning (row b).  
The answers to whether the teachers have experienced changes in the way the PLC cooperate 
locally are more divided (row c): 25 % report about a small or very small degree of changes, 
38 % about some degree of changes and 37 % about a very high or high degree of changes. 

 
 
Table 1  
Some results from questionnaire distributed after the IBSE module. 

 
 Very 

high/to a 
very high 

degree (%) 

High/to a 
high 

degree (%) 

Medium/to 
some 

degree (%) 

Small/to a 
small 

degree (%) 

Very 
small/to a 
very small 
degree (%) 

(a) Overall benefits 
from QUEST 

module about IBSE 

 
11 

 
57 

 
30 

 
1 

 
0 

(b) Gaining new 
insight into student 
learning in science 

 
15 

 
43 

 
37 

 
5 

 
0 

(c) Resulting 
changes in 

collaboration in the 
local PLC 

 
7 

 
30 

 
38 

 
19 

 
6 
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Supplemental insight to answer RQ 1 and 2 grows from analysing the teachers’ open answers 
with reflections about why and in what ways they have experienced outcomes from the IBSE 
module, emphasized in the questionnaire as the full QUEST rhythm including the local 
inquiries. Table 2 condenses categorized open reflections following the questions: (a) What 
were your overall benefits from QUEST module about IBSE, and (b) What new insights into 
student learning in science did you gain? 
 

Table 2  
Some results from coding open reflections from questionnaire. 

(a) Overall benefits from 
QUEST module about IBSE 

% (b) New insight into student learning in 
science 

% 

Learning about new hands-on 
activities to use in own practice 

57 Realizing the importance of students’ 
engagement, motivation and ownership 

29 

Sharing experiences from 
practice with peers 

19 Students’ hands-on: The importance of 
students’ experimenting and discovering 

29 

The QUEST rhythm 
supporting changes locally 

10 Argumentation elaborating on both 
students’ hands-on and their minds-on 

activities as important to learn from IBSE 

24 

New insight into science 
didactics (theory) 

6 Not 
experiencing 
significant 

changes in own 
view on student 

learning 

Positive status quo: 
same view on student 

learning, just 
reinforced 

12 

New insight into minds-on in 
science learning: students 

posing hypotheses etc. 

5 

New insight in relation to 
students’ engagement and 

motivation 

3 See IBSE as “old wine 
in new bottles” 

5 

 
Teachers’ reflections elaborating on questions (a) and (b) (Table 2) indicate that most of 
them, 57%, are positive towards the IBSE module based on the focus on hands-on activities; 
activities they state they can use in their own practice. Many of these teachers also refer 
positively to their own hands-on experiences during the course - that they themselves had the 
opportunity to try out activities applicable in the classroom. 

When asked to elaborate on their new insight into student learning 29 % of the teachers 
likewise emphasize hands-on activities in particular, that they have realized or been supported 
in the importance of students manipulating science equipment and planning inquiries 
autonomously (Table 2). Fewer, but still 24%, specifically focus on the importance of 
students manipulating both equipment and ideas. They emphasize minds-on as a likewise 
central part of IBSE as hands-on. Some of these teachers refer to new insight into students’ 
pre-conceptions, and how students can work with posing hypotheses. The 5% of the teachers, 
reporting only gaining to a minor degree new insight into student learning (Table 1) typically 
refer to IBSE as what one of them call “old wine in new bottles” (Table 2). They see nothing 
new in IBSE. This is not different from what they learned during pre-service training, and one 
teacher states that this is the way he always has taught.	  
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The teachers’ perceived outcomes from networking and sharing ideas with colleagues are also 
evident when analysing their reflections; 19% emphasize this as their main argument when 
reflecting on positive outcomes from the module (Table 2). 
10 % specifically emphasize the QUEST-rhythm as supporting changes on their schools: 
“Exemplary course design with synergy between theory and practice. Good to share and try 
out new knowledge at own school, and then coming back getting new inputs and sharing 
experiences”. This is spontaneous reference to the QUEST rhythm, when asked about the 
rhythm directly later in the questionnaire 65 % of the answers were very positive. 

Enactive mastery experiences 
In the open reflections we see several indications of what can be called enactive mastery 
experiences (Bandura, 1997). One teacher states that the IBSE-module: ”encouraged me to 
throw myself into what is sometimes dangerous and unknown”, another teacher states: “I feel 
revitalized in planning my own teaching in Science & Technology. The course has initiated 
many new thoughts and ideas, which I have shared with colleagues at the school starting also 
new ideas among them”, and a third example is a teacher stating that QUEST has supported 
him in seeing his:“automatized practice in a theoretical context (..) this has enabled me to be 
more conscious about my own practice”.  
The teachers were furthermore asked to elaborate on what kind of changes – if any - they had 
experienced in collaboration in the local PLC (Table 1, row c). The teachers reporting about 
positive changes in particular emphasize, that they now discuss student learning and not just 
practical stuff and organisational matters at the meetings in the PLC. Teachers in the medium 
category (Table 1) emphasize some degree of changes, for example that they now have 
regular meetings opposite to before QUEST, but also that they need continuous support, so 
the changes do not fall back. The 25 % of the teachers, reporting about a minor degree of 
change, emphasize for example lack of support from school leaders. Several teachers when 
reflecting on challenges in relation to local collaboration also refer to resistance from some 
reluctant colleagues when disseminating IBSE and planning local inquiries in the PLC. 

Case studies with observation of science teaching and PLC meetings at a range of local 
schools provide further insight into the local enactments. Some case-observations will be 
included in the discussion in the next section. 
 
 
DISCUSSION AND CONCLUSION 
Summing up on the self-reports there are indications of a quite positive development at a 
number of QUEST schools. Teachers report about collaborating with a new focus on student 
learning. Some teachers spontaneously refer to the QUEST-rhythm as supporting this positive 
development.  
But we see also some challenges. Some teachers seem to have interpreted the IBSE examples 
from the QUEST seminars more or less as a prefixed “packet” to apply directly in their own 
classroom. Seen together with the reflections on student learning from around a third of the 
teachers, focusing on students’ hands-on activities only, this accentuates, that some teachers 
might need extra support to incorporate explicit strategies to assist students in making links 
between their observations and scientific ideas (Abrahams & Reiss, 2012). How students’ 
learning best can be supported through IBSE is the theme of many discussions in present 
research, but there is at least evidence of the importance of supporting students in 
manipulating both science equipment and ideas when working inquiry-based (Abrahams & 
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Reiss, 2012; Lunetta, Hofstein, & Clough, 2007). With reference to this it can be seen as a 
challenge that some of the science teachers appear to be convinced of the value of hands-on 
activities without focusing on what science students are supposed to learn from the activities, 
thinking - as indicated by this quote – that students can learn the science just by working 
hands-on: “I do what I can to let students learn themselves without too much leading them”. 
It might be that these teachers so to say filter the IBSE ideas through their existing beliefs. 
Strong beliefs in activity driven science teaching among primary teachers are known from 
research. Abell and McDonald (2006) refer to this as “activitymania”.  

Collaborative design experience 
Observations on case-schools, during teachers’ local enactments, confirm that some teachers 
have used exactly the same IBSE activities as they themselves tried at the seminars at their 
local schools. For example the PLC at one case-school used these IBSE activities at a full 
science day for all students at this small school. The teachers reported positively about their 
experiences from this science-day, and students seemed to be engaged. We will however 
argue that changes seen on another case-school are qualitatively different and indicate a 
potentially more sustainable development looking forward. Here the teachers in the local 
PLCs are collaborating on re-designing examples from their “normal” science teaching using 
the IBSE principles. It seems that they by doing so gain experiences to support collaborative 
design of inquiry based learning experiences for students. This experience has a generic 
quality that might help the teachers to re-design teaching activities in other content areas. 
However, we need to be aware, that copying IBSE activities from seminars might be a first 
step to start using the IBSE principles to re-design day-to-day science teaching. 

School leaders’ participation 
Observation from meetings in local PLCs and the teachers’ self-reports indicate diversity in 
participation from the school leaders. Some school leaders participate in some of the meetings 
in the PLC, and openly acknowledge the teachers’ work with developing science teaching. At 
other schools interviewed school leaders do not know very much about QUEST, and refer to 
the school being part of several other developmental projects. 

Teachers’ individual and social learning 
In relation to teachers’ individual and social learning the interplay based on the data so far 
seem to be quite complex. Collective engagement locally appear to influence, but does not 
seem to be determent for, the individual teacher’s experience of benefitting from QUEST/the 
IBSE-module. Likewise it is evident that collective agency (Bandura, 1997) is not simply the 
sum of individual agency. Case-analyses reveal examples where individual teachers’ 
initiatives clearly inspire some colleagues, so new initiatives are spreading to some degree, 
but due to barriers in cooperative patterns in the PLCs one can neither conclude change in the 
average classroom nor collective agency. In one of these cases the positive change spiral 
however seem to be supported by networking across schools. In another case a well 
functioning PLC with a new/shared focus on student learning is the safe frame for an 
individual teacher’s “small-step-enactment” in her own classroom. 

Factors seemingly supporting or hampering local sustainable development are condensed in 
Table 3 under the three headlines: (1) QUEST rhythm, (2) Research knowledge meeting 
practitioner knowledge and (3) Enactive mastery experiences. 

Collaborative re-design renders possible enactive experiences 
A promising development, potentially supporting sustainability looking forward, are seen at 
schools where the teachers, framed by the QUEST rhythm and informed by the IBSE 
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principles, collaboratively re-design science teaching with a focus on student learning. 
Working like this apparently renders possible local enactive mastery experiences (Bandura, 
1997) - both individual and collective - as the teachers are facilitated in transcending tradition 
and trying new research based approaches. Results from these trials when collaboratively 
analysed and used in focused discussions in the PLC – when practitioner knowledge so to say 
are moving from tacit to shared - can support new/continuing enactments in local teachers’ 
individual classrooms: a positive spiral (Table 3).  
 

Table 3  
Summing up on factors seemingly supporting or hampering local sustainable development 

Factors - supporting sustainability - hampering sustainability 

(1) QUEST-
rhythm 

Teachers collaboratively taking 
responsibility for the local 

development, and discussing student 
learning in the PLC 

 
Teachers’ positive attitude – most of 

them refer to positive outcomes 
 

Enactments in local classrooms – 
teachers inquiring into student 

learning 
 

Teachers experiencing no significant 
changes in the collaboration. They 

report that it is hard to engage 
colleagues 

 
IBSE interpreted more like “activity-

mania” 
 

 

(2) Research 
knowledge 

meeting 
practitioner 
knowledge 

 

Indications that teachers’ practitioner 
knowledge are moving from tacit to 

shared 
 

Teachers’ research-informed work to 
develop science teaching being 

acknowledged by the school leader, 
participating in some PLC meetings 
and being engaged and interested in 

QUEST 

Teachers seeing themselves as 
receivers not co-developers in TPD, 

e.g. using IBSE examples from 
seminars as a prefixed “packet” 

directly applicable in own practice 
 

Teachers experiencing no explicit 
interest in QUEST from their school 
leader – some leaders are engaged in 

a range of (other) research and 
development projects 

(3) Enactive 
mastery 

experiences 

 

Teachers experiencing success, i.e. 
salient outcomes in relation to student 

learning, when changing practice 
 

Teachers experiencing to benefit from 
new kinds of collaboration in the PLC, 
e.g. collaborative re-design of science 

teaching informing own teaching 

Teachers experiencing thresholds 
when first trying to change practice - 
in own classroom and/or in the PLC 

 
No positive spiral 

 
 
As mentioned the case studies illustrate that support and encouragement from school leaders 
can be a crucial factor for teachers to continuously investing time and energy in the local 
inquiries. A positive interplay between science teachers and the school leader participating in 
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the PLC -meeting has been observed at some schools. The teachers report positively about 
this as encouraging. 

The same positive development is however not seen at all schools. We also see factors 
potentially hampering a sustainable development looking forward. This can for example be 
due to challenges in engaging colleagues in local inquiries. If the initiatives from teachers 
participating in QUEST are not encouraged and acknowledged by the local leader and some 
of the colleagues are reluctant in relation to collaboratively developing science teaching the 
spiral is more negative than positive. We can conclude that the local initiatives are a crucial 
part of the QUEST-rhythm – and determent for the success of QUEST.  
 

FURTHER PERSPECTIVES 
Looking forward an explicit focus on – and local inquiries with - tools and strategies to 
support students in making links between hands-on science and scientific ideas are needed at 
the next QUEST modules (Figure 1). This might best involve also an explicit discussion about 
participating teachers’ existing beliefs in relation to hands-on science in particular; science 
teachers’ beliefs are known to influence their cognition and their practice in the classroom, 
and to be somewhat tacit (Lumpe, Czerniak, Hany, & Beltyukova, 2012). Likewise the 
research so far emphasizes the importance of acknowledging the local contextual factors to 
continuously support the local capacity-building (Darling-Hammond, 2005), and the teachers’ 
re-design of day-to-day teaching at the QUEST-schools.  
Presently the project is developing a model for faded guidance that allows the participating 
municipalities and schools to increase and institutionalize their supportive activities for 
continuous TPD (phase 2 in Figure 1).   
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Abstract: Students are encouraged to pursue career opportunities in many fields 

covering both service and manufacturing industries. Most students do not understand 

the broad nature of industry and associate the term industry with science, technology, 

engineering and manufacturing and do not include social field such as the service 

industry. Students need to acquire competences in a range of expertise promoted 

through science curricula, although competences are stipulated in the curricula, the 

actual selection of competencies, developed for classroom study, are selected by the 

teacher. ESTABLISH modules were developed to support teachers to motivate 

students in learning science subjects and develop competences related to industry 

careers. 

Keywords: Continuing professional development in Teachers, Cooperative learning 

 

The goal of this study was to find out, using the ESTABLISH Teacher Education 

Programme as an intervention, how teachers evaluated the importance of 

competencies for citizenship and how those compare with student expectations of 

necessary competencies for an industrial career.  Data was collected by validated 

questionnaires from 25 science teachers and 189 students. Findings showed that 

students valued competences, necessary for contemporary work, such as 

entrepreneurship, initiative and imagination. Teachers, on one hand, did not relate to 

such changes and continued to heavily value academic knowledge. This was observed 

also after using ESTABLISH modules which were designed to promote social and 

personal competences alongside those associated with inquiry learning.  Nevertheless, 

students, due to their limited view about the nature of industry, do not value academic 

knowledge competences and personal values as highly necessary for careers in 

industrial settings. 
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INTRODUCTION 

Students are encouraged to pursue career opportunities in the many fields covering 

both service and manufacturing industries (Haas, 2005). Most students do not 

understand the broad nature of industry.  For example, as this case-study shows, most 

Estonian students, due to language specialty, associate the term “industry” with 

science, technology, engineering and manufacturing and do not include the service 

industry.  They perceive this latter sector solely as a social field unrelated to 

competences acquired through the academic pursuit of learning science.  However, 

the importance of social competences in industry and citizenship are stressed in the 

literature (Binkley et al., 2012), as well in the Estonian National Curriculum (Estonian 

Curriculum, 2011).  Students, in order to become successful citizens, need to possess 

a variety of expertise in competencies, related to all concepts of industry.  The 

European Commission (2004; 2007) has adopted this by broadening its definition of 

educational goals from being expressed as declarative knowledge to being expressed 

as competencies.  Although many competencies are stipulated in curricula, the actual 

selection of competencies developed for study, is carried out by the teacher at school 

level.  Thus to support teachers to motivate students engagement in learning science 

subjects, the ESTABLISH modules (see website) were created, so as to make the 

subject matter more relevant to students (Banks et al., 2009) and to develop their 

awareness about industry-related careers. 

 

RESEARCH QUESTIONS 

The goal of this study was to find out, using the ESTABLISH modules as an 

intervention tool, how teachers and students evaluated the importance of competences 

for citizenship and to identify and compare which competencies were seen important 

within the science class. The following research questions were posed: 

 How do teachers and students value competencies after an intervention from 

the use of 2 ESTABLISH modules? 

 Which competencies do students recognise as being promoted through the 

ESTABLISH materials and to which degree did these meet students 

expectations of the necessary competencies for an industrial career? 

 

METHODOLOGY 

The study was carried out on a voluntary group of 25 science teachers who 

participated in an ESTABLISH longitudinal in-service course.  The course included 3 

face-to-face sessions which covered: 

 Introduction to the philosophy of the ESTABLISH project (including the role 

of industry in science education and the nature of inquiry in the context of the 

materials); 
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 Group work, using selected ESTABLISH modules, in preparation for 

intervention in their school;  

 Interactive feedback from teaching, using the modules (each teacher used at 

least 2 modules, with student time on task agreed to be minimum of 3-4 

lessons per module). 

At the end of the in-service intervention, students and teachers were asked to 

complete a questionnaire which was designed for self-evaluation of competencies 

essential for the 21
st
 century. The teacher questionnaire included a special part 

allowing teachers to comment on perceived competencies, promoted through using 

ESTABLISH modules. Students were asked to respond to the questionnaire at the end 

of the last ESTABLISH lesson. Besides self-evaluation, students were asked to 

indicate which of the competencies were important for a person whose career will be 

linked with industry and to choose from a list of job descriptions which competences 

might be important for a career in an industrial setting.  In total, 178 students from 9 

schools answered the questionnaire (although the number dropped when only those 

participating in two modules were considered in future analysis).    

Data was collected using a 6-point Likert-type questionnaire which included 72 items, 

divided into 6 competence sub-groups:  

• Academic knowledge;  

• Academic skills;  

• Competencies needed in everyday life;   

• Attributes and competencies needed for a career; 

• Aptitude or personality;  

• Personal values. 

The choice of items to include and the sub-division of these into the 6 groups were 

validated by expert groups. The actually questionnaire, as well as additional 

components were piloted and validated by 2 researchers, 2 science teachers and 5 

students. 

 

OUTCOMES 

The outcome of these questionnaires revealed that students evaluated characteristics 

of personality most highly, particularly personal values.  The greatest diversity of 

opinions was found in evaluation of science knowledge and the greatest consensus 

with academic skills. Surprisingly students evaluated academic skills higher than 

academic knowledge.  

The greatest similarity between the evaluation by students and teachers was in the 

competence subgroup geared to everyday life. This aspect was highly emphasised 

within ESTABLISH in-service courses for teachers (Spearman's rho= 0.876; p = 
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0,000). In the subgroup on academic knowledge, valued highly by teachers, the 

teacher- student correlation was found to be (Spearman's rho = 0.587; p = 0,000).   

Statistically significant differences in teachers’ and students’ opinions were found in 

evaluation of aptitude of personality and competences needed at work.  In the sub-

group on aptitude of personality (Table 1), teachers evaluated risk-taking the lowest 

(mean 3.52), while students evaluated concentration ability, the lowest (4.13).  

 

Table 1 

Teachers’ and students’ opinions about aptitude and personality 

Aptitudes or 

personality 

Mean of 

teachers’ opinion 

SD Mean of  

students’ opinion 

SD 

Sense of humor 3.52 0.82 4.80** 1.11 

Empathy 3.52 1.05 4.35** 0.98 

Risk-taking 3.52 0.82 4.56** 1.06 

Adequate self-esteem 3.56 0.96 4.22* 0.10 

Curiosity 3.72 0.94 4.93** 1.06 

Self-confidence 3.76 0.78 4.40* 0.10 

Objectivity 3.76 0.93 4.47* 0.82 

Note: * indicates the statistical difference between teachers’ and students’ answers at the 0.05 

level.  ** indicates the statistical difference between teachers’ and students’ answers at the 

0.001 level. 

 

Large differences were found between the student and teacher evaluation in the sub-

group on work-related competencies as shown in Table 2.  Students value 

competencies, necessary in contemporary careers, such as entrepreneurship, initiative, 

and imagination.  Teachers, on the other hand, did not appear to accept such needs in 

society and valued academic knowledge.  Based on such differences, this could well 

be seen as a source of friction in science class.  

 

The ESTABLISH in-service - course and teaching modules both highlighted 

developments in a wide range of competencies linked with everyday life, but these 

were not recognised when teachers used ESTABLISH materials in the classroom. 

Teachers rated academic skills most highly, like inquiry skills and academic 

knowledge related to the particular science content of the materials.  
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Table 2 

Teachers’ and students’ opinion about competences needed in everyday life and 

industrial careers 

 Competences  Mean of teachers’ 

opinion 

SD Mean of  students’ 

opinion 

SD 

E
v

er
y

d
ay

 l
if

e 

Planning 3,40 0,76 4,10** 1,20 

Use of 

technology 
4,00 0,82 4,38 1,13 

Everyday ITC  4,76 0,88 4,00** 0,816 

Communication 4,08 0,86 4,49 1,02 

Coping with 

stress 
3,56 1,16 4,03* 1,04 

Adaptability 4,20 0,96 4,64* 0,95 

Risk assessment 3,48 0,82 4,11** 0,95 

In
d
u
st

ri
al

 C
ar

ee
r 

Cooperation 4,04 0,79 4,75** 1,00 

Leadership 3,36 0,81 4,12** 1,06 

Openness  3,48 0,92 4,64** 1,03 

Enterprise  3,60 1,00 4,33* 1,11 

Responsibility 3,80 1,08 4,69** 0,98 

Imagination 3,60 1,00 4,86** 0,93 

Note: * indicates the statistical difference between teachers’ and students’ answers at the 0.05 

level.  ** indicates the statistical difference between teachers’ and students’ answers at the 

0.001 level. 

 

There was no commonality in teachers’ answers as to what extent they promoted 

social competencies and personal competencies. On the other hand, students’ opinions 

related to essential competencies for career in industry did not differ significantly 

between the schools in the areas of academic skills, personal abilities and job related 

competencies.  These were all rated consistently high.  Most students did not see 

working in the service industries, like hotel management, tourism, and environmental 

protection, as linked with industry at all.   

 

CONCLUSION 

In this study Estonian teachers’ and students’ perceptions of competencies (both 

academic and social) required for successful industrial careers and citizenship were 

analysed and compared.  Students valued acquisition of competences more highly 

than teachers.  Also there was less divergence in their perception of this acquisition.  

Teachers did not particularly value “industry-related” competencies, even after the 

ESTABLISH in-service course.  However following this intervention, students gained 

an awareness and appreciated career-related competencies more strongly.  The 
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importance of academic competences did not vary between opinions of teachers and 

students.  The study suggests that teachers are very focused on attaining competencies 

of academic content knowledge and less focused on supporting students’ expectation 

of developing more career-related competences.  
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Abstract: In Germany, Austria and Switzerland, networks of model schools, teacher training 

colleges, institutes of educational development and ministries work together in nationwide 

large-scale programs for the advancement of science education. The initiatives include the 

networking of teachers and schools, the development of educational materials and units as 

well as the dialogue between school practice, teaching methodology, research and education 

policy. The three national programs presented in the symposium are coordinated and directed 

by the Leibniz Institute for Science and Mathematics Education at the University of Kiel in 

Germany, the Institute of Instructional and School Development at the Alpen-Adria 

University Klagenfurt in Austria and the Center of Science and Technology Teaching at the 

University of Applied Sciences Northwestern Switzerland. In recent years, however, the need 

to improve science education has also been recognized at a European level. The EU-project S-

TEAM was funded within the EU 7th Framework program and worked together with 26 

partner universities all over Europe. The German SINUS program reaches more than 850 

elementary schools and 4,500 teachers. In Austria, IMST involves 7,000 persons a year, 

representing schools, ministries and universities. Swiss Science Education SWiSE brings 

together teachers, trainers and other experts from 14 different cantons. The four projects are 

evaluated on different levels, for example with teacher and student questionnaires, interviews 

and/or video studies. The four short presentations give insight into the model programs with 

their major results and report central experiences and effects of the programs. Conclusively, 

especially the cross-border comparison is interesting for science education research and 

teacher professional development. 

Keywords: Inquiry-based teaching, Teacher Professional Development, Compulsory School 

 

TOWARDS COMMON RESEARCH-BASED STANDARDS FOR TPD IN 

EUROPE– INSIGHTS FROM THE S-TEAM PROJECT (Rönnebeck
 
& 

Stadler) 

During the last decade, there has been an on-going debate about the need to improve science 

education in Europe. In 2009, S-TEAM (Science Teacher Education Advanced Methods) 

started as the first in a series of big projects funded by the EU to address this problem. S-

TEAM aimed at improving pupils learning and attitudes by the widespread dissemination of 

inquiry-based science teaching approaches. A specific strand of work in S-TEAM dealt with 

the question of effective approaches to teacher professional development (TPD) as one crucial 

aspect of implementing change in national educational systems. In particular, it should be 

explored whether a nationally successful model of TPD – the German SINUS model – could 

be transferred to other educational contexts in Europe. Since it became obvious that a direct 
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transfer of ideas would not occur, a general model of TPD was developed based on SINUS, 

research and information gathered during national workshops in the partner countries. The 

model summarizes basic requirements of TPD while being at the same time flexible enough to 

be adapted to different educational, political and cultural systems and is thus supposed to be 

widely applicable under a European perspective. 

Background 

Within the last decade, there has been an increasing discussion in Europe about the need to 

recruit more young people to careers in science and engineering in order to ensure economic 

development and welfare (European Commission, 2004). The Rocard report (2007) identified 

inquiry-based science teaching approaches (IBST) alongside with effective forms of TPD as 

one means to address this need by improving science teaching. As a sequel to these 

discussions, the S-TEAM project was funded within the EU 7
th

 Framework Programme. It 

consisted of 26 partners from 14 European countries. The overall objective of S-TEAM was 

to improve the learning and attitudes of pupils to increase scientific literacy and recruitment to 

science careers. To reach this goal, teachers should be enabled to adapt inquiry-based methods 

for more effective science teaching. In this process, they should be supported by providing 

training in and access to innovative methods and research-based knowledge. 

Framing the problem at a European level provided the opportunity to share national expertise 

in curricula, pedagogy and practice across national boundaries and between different 

traditions in science education. However, S-TEAM acknowledged that its objectives could not 

be imposed on national systems but had to be implemented through existing structures and 

actors, taking into account all relevant stakeholders and combining policy and practice. 

One strand of work in S-TEAM was thus to identify optimum ways in which TPD for IBST 

could be implemented in the specific national contexts. This was done by conducting national 

workshops in each partner country to initiate discussions about new forms of TPD that could 

substitute the often ineffective stand-alone courses (Stadler & Jorde, 2012). In these seminars, 

national stakeholders were introduced to SINUS (see page 4), a large-scale TPD programme 

from Germany that initiated and accompanied changes in teaching practice in a sustainable 

way (Ostermeier, Prenzel, & Duit, 2010). The underlying idea was to investigate if a 

nationally successful model could be adapted and transferred to other educational contexts. 

Although a strong interest in SINUS could be observed in many of the partner countries, a 

direct transfer of ideas did not occur. In this paper, a general model of effective TPD is thus 

described that was developed in order to support national initiatives to implement change. The 

model summarizes basic requirements of TPD but is at the same time flexible enough to be 

adapted to different educational systems.  

Methods 

The development of the general model is based on a broad research basis, experiences with 

SINUS (Prenzel et al., 2009) and information collected at the national workshops. After the 

workshops, countries who indicated interest to start national initiatives were monitored to 

learn about their challenges, needs and possible ways to support their work. Towards the end 

of the project, all countries were approached again to gather information about actions 

following the national workshops. In countries where initiatives were under way, additional 

seminars, discussions and interviews were used to collect data about these activities to 

identify challenges, obstacles and supporting factors to implement change. 
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General model of TPD 

In the science education literature, a general agreement regarding crucial aspects of effective 

TPD exists. It has to be “long-term, school-based, collaborative, focused on students’ 

learning, and linked to curricula” (Hiebert, Gallimore, & Stigler, 2002). Similar aspects are 

named by Desimone and colleagues (Desimone, Porter, Garet, Yoon, & Birman, 2002; Garet, 

Porter, Desimone, Birman, & Yoon, 2001). According to them, the effectiveness of TPD is 

influenced by the opportunities it offers for active learning, its coherence with teaching and 

educational goals, and its duration. Moreover, it should have a content focus and teachers 

should work collaboratively. SINUS (Prenzel et al., 2009) furthermore stresses the importance 

of support structures at the school and system level. In addition, any kind of TPD should be 

based on research and theory.  

Based on these crucial aspects, the following model for effective TPD that consists of four 

units influencing each other is proposed (Figure 1). The central unit is the faculty of science 

teachers in a school ensuring that teachers have ownership of the process. A significant 

impact of TPD, however, will only occur if teachers work collaboratively, discuss their goals, 

develop approaches, trial them in classrooms and reflect upon them with their colleagues. The 

other units are given by the TPD activity itself including structural and organisational as well 

as content features, the school principal as the main source of support at the school level, the 

system level represented by educational policy and administration, and the coordinator linking 

research and practice and supporting teachers on their way to change. 

 

 

Figure 1. Model of effective TPD (for a similar model see also Adey, 2004). 

 

Conclusions 

The presented model aims at the improvement of classroom instruction. It makes clear that a 

set of quality aspects has to be accounted for when substantial impacts are expected. On the 

other hand, it is flexible enough to be adapted to different educational systems and conditions. 

Training packages and resources for teachers developed in other contexts can be fitted into the 
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model. At the same time the model provides a theoretical basis for a successful 

implementation of these materials. In that way, the general model for effective TPD can 

contribute to more coherence between the outcomes and products of different projects and 

initiatives.  

INVESTING IN TEACHING WITH SINUS (Rieck, Fischer & Döring) 

Teaching aims to improve students’ competencies and help them reach their full potential in a 

specific domain. Teachers have to ensure an effective process of competence development. 

As international comparative studies such as TIMSS, PISA and PIRLS have indicated, the 

reality in German classrooms is far from this goal. For this reason, the SINUS program 

(Improving the Efficiency of Mathematics and Science Teaching) addressing groups of 

teachers in individual schools was launched in Germany in 1998. The program is meant to 

help develop actual teaching. SINUS is a long-term professional development initiative from 

the perspective of situated learning and is implemented on a large scale. The focus is on 

mathematics and science teaching. Initially intended for high schools, the program was later 

adapted for elementary schools.  

The SINUS Concept 

Findings from continued professional development programs point out the importance of 

different expertise: Scientists and experts in didactics rely on results from their research. 

Teachers rely on their expertise in teaching and learning. The SINUS program brings these 

two perspectives together and encourages teachers to improve their skills: learning new 

methods, getting new information on science and mathematics and making their instruction 

more meaningful. For these reasons SINUS invites teachers to find suitable solutions to 

problems and to reflect on the results (similar to the SWISE-approach).The program provides 

10 content areas which describe typical problems in professional development and which are 

based on findings from empirical studies (Demuth et al. 2011). Teachers are expected to make 

one or more of these areas the starting point of their analysis and practical work. According to 

the SINUS concept teachers cooperate on the school level and with other (neighboring) 

schools (this concept can also be found in the Austrian IMST-project). This concept was also 

adapted and transferred to other educational contexts (e.g. S-TEAM project). 

Method 

In accordance to findings from international research professional development in training 

programs is assessed on four successive levels (Kirkpatrick & Kirkpatrick, 2012). It should be 

evaluated in the course of the program:  

(1) taking part in a program, understanding its objectives and feeling comfortable with the 

procedures can be measured as the reaction of participants in terms of customer 

satisfaction,  

(2) learning in a program means the extent to which participants change attitudes and 

improve knowledge and skills as a result of taking part in the training,  

(3) behavior can be understood as the change in visible procedures that a training participant 

includes in his or her routines and  

(4) results are the final outcomes resulting from the participants attending the program. 

The studies in the SINUS program evaluate all four levels. 

(1) The reaction levels measured in 2010 and 2013 in a survey include all principals and 

teachers of the SINUS-schools. The four annual reports also give information about the 

participants' reaction. 
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(2) The learning level is monitored using different measures: information from the surveys 

and the reports give insights into what teachers learned in the trainings and what they plan 

to realize in their teaching. 

(3) On the behavior level the analyses of teachers' documentations provide insights into 

whether, how, and to what degree the program contributes to the professional 

development process in various content areas. A smaller study, focusing on mathematics, 

investigates teachers' classroom practices and asks how teachers select and analyze tasks 

they use in their teaching. From an external perspective the video-study also provides 

insights into changes in classroom management. 

(4) The results are considered on different levels: On the teacher level, the analyses of 

classroom videos provide information about the differences between everyday classroom 

instructions given by teachers working in the program and those not working in the 

program. Case studies provide more detailed information concerning the implementation 

of the professional development program in the entire school. Some of the schools in the 

development program are included in large-scale national and international studies 

assessing student competencies in science and mathematics to investigate students' 

learning outcomes. This provides the opportunity to compare the achievement of students 

in schools working in the professional development program to similar schools not in the 

program. 

Studies 

Figure 2 shows the studies executed from 2009 to 2013.  

 

Figure 2. Scientific studies monitoring SINUS for elementary schools. 

 

First results and perspectives 

First results can be reported based on data from the 2010 studies: teacher and principal 

surveys, reports and documentations.  

An online questionnaire was developed for the teacher survey. The questions were mainly 

based on a similar instrument used in previous SINUS programs. The data from the teacher 

survey 2010 are based on the answers of 1662 teachers (levels reaction and learning). We find 

that teachers feel supported in their professional development process by the program. They 

have little additional work due to the program and perceive a sense of satisfaction as well as a 

positive development especially with regard to new contents, classroom teaching and 
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diagnostic competencies. The longer teachers take part in the program the stronger they also 

feel the program’s impact. 

In 2010, 48 schools handed in files identifying problem areas, objectives, actions, and 

reflections. The analyses of 163 records gave insights into the teachers’ professional 

development process (level learning). The first results show that professional collaboration 

becomes increasingly more common. Teachers mostly follow a cyclical professional 

development process which includes well defined aims, actions, and reflections.  

First videotaped lessons give insights into SINUS-teachers' classroom management.  

In 2011, 80 SINUS-classes (fourth grade) took part in a nationwide test in mathematics and in 

TIMSS 2011. These schools started their SINUS-activities in 2004. Students had to be 

instructed by a SINUS-teacher at least for one year. First results from 1580 students show 

significant gains of SINUS-students compared to students from other schools. 

 

THE IMST PROJECT IN AUSTRIA: A NATION-WIDE INITIATIVE 

FOSTERING EDUCATIONAL INNOVATIONS (Zehetmeier) 

International comparative studies like TIMSS and PISA had a considerable influence on the 

national educational policy in many countries. In Austria, as a reaction to the disappointing 

TIMSS 1995 results at the upper secondary level, a national initiative with the aim to foster 

mathematics and science education was launched in 1998: the IMST project. It has been 

prolonged several times since then, and it is still running.  

The aim of IMST was to establish a culture of innovation and to strengthen the teaching of 

mathematics, information technology, natural sciences, technology, and related subjects 

(MINT) in Austrian schools (see e.g., Krainer, Hanfstingl, & Zehetmeier, 2009).  

IMST was implemented in three phases: 

• IMST research project (1998-1999): It analysed Austria’s poor TIMSS results at secondary 

level II, and offered suggestions for consequences on the basis of the national and 

international analyses. 

• IMST² development project (2000-2004): It focused on the secondary level II in response to 

the problems and findings described. In addition, it elaborated a proposal for a strategy 

plan for the ministry, aiming at improving the learning of MINT at secondary schools. 

• IMST3 support system (in three stages 2004-2006, 2007-2009, and 2010-2012): It started to 

broaden the focus to all school levels and to the kindergarten, and also to the subject 

German language (due to the poor results in in PISA). 

The following sections provide some more details regarding these phases: 

IMST research project 

The task of this project was to analyse the situation and to work out suggestions for the further 

development of mathematics and science teaching in Austria. The project team decided not 

only to analyse the results of TIMSS but also to carry out additional analyses, for example, 

describing exemplary reform initiatives in other countries, and to offer suggestions for 

consequences on the basis of the national and international analyses. 

The project identified a complex picture of diverse problematic influences on the status and 

quality of mathematics and science teaching: For example, Austrian students showed poor 

results in particular with regard to items which referred to higher levels of thinking. 
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Moreover, mathematics and science education as well as related research were seen as poorly 

anchored at Austrian teacher education institutions. In chemistry education, for example, no 

university had a university professor for that scientific domain. The collaboration with 

educational sciences and schools was – with exception of a few cases – underdeveloped.  

In sum, the overall findings showed a picture of a fragmentary educational system of lone 

fighters with a high level of (individual) autonomy and action, however, there was little 

evidence of reflection and networking (see e.g., Krainer, Dörfler, Jungwirth, Kühnelt, Rauch, 

& Stern, 2002, p. 25; Krainer, 2003). However, the focus to change was not only directed to 

the teachers (as policy often tends to do), but on the whole educational system, including 

teacher education and the situation of research of mathematics and science education. 

IMST² development project 

The recommendations of the research project IMST (see above) led to the project IMST² 

(2000-2004). This project (Krainer et al., 2002) focused on the upper secondary school level 

and involved the subjects biology, chemistry, mathematics, and physics. It adopted enhanced 

reflection and networking as the basic intervention strategies. 

The main goals of this project were  

• to initiate, promote and make innovations visible, to carry out a scientific analysis and to 

disseminate innovations, with the emphasis on generating “good practice” concepts and on 

supporting teachers in further developing their teaching; 

• to take part in setting up a support system for the further development of school practice in 

MINT subjects, in particular by encouraging practice-oriented, scientifically grounded 

subject didactics. 

The theoretical framework built on the ideas of action research (e.g., Stenhouse, 1975; 

Altrichter, Posch, & Somekh, 1993), constructivism (e.g., von Glasersfeld, 1991; Ernest, 

1994), and systemic approaches to educational change and system theory (e.g., Fullan, 1993; 

Willke, 1999). 

In order to take systemic steps to overcome the fragmentary educational system, the approach 

of a “learning system” (Krainer et al., 2002, p. 26) was taken. Thus, the research project 

highlighted possible implications at different levels: Improvements could be achieved if both 

students’ competencies and autonomy would be enhanced. These issues should be 

accompanied in a first step by professional development programmes for teachers (and later to 

implement changes in initial teacher education), which should focus particularly on reflection 

of teachers’ own practice, on networking with colleagues, and on communication with and 

support by external academics. 

The basic intervention strategy of IMST² was to enhance reflection and networking. However, 

this was not confined to students, but also teachers and teacher educators needed to be seen as 

learners (e.g., acting as role models).  

IMST3 support system 

The overall aim pursued by IMST was to broaden its impact, supposing to win over ever more 

teachers to a culture of innovation. In IMST3, the focus of IMST² on supporting teachers and 

schools was broadened up to the whole educational system. Starting as "learning system" 

meant to adopt enhanced reflection and networking as the basic intervention strategy to 

initiate and promote innovations not only at schools, but also at teacher education institutions, 

and in the educational system itself. 
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The structure of the current IMST project stage (2010-2012) is divided into a network 

programme and thematic programmes:  

One major emphasis of the network programme is laid on regional networks. By way of 

regional educational planning, these networks can set their own priorities. 

IMST has is supporting thematic programmes for classroom and school projects. The 

programme teams, composed of academics and of school staff, monitor approximately 20 

classroom and school projects per theme and school year. Special attention is paid to gender 

equality, which is integrated by way of the gender network into both the content and the 

structure of all the areas covered by IMST. 

Outlook 

The focus of the upcoming IMST project phase (2013-2015) is clearly laid out: setting up and 

strengthening a culture of subject-based innovations in schools and classrooms, and anchoring 

this culture within the Austrian educational system. Another goal is to contribute to other 

educational initiatives (e.g., national educational standards, middle school reform, 

standardized exit examinations, school quality initiatives, etc). The new thematic programmes 

on offer (and provided with additional academic support and a broader institutional structure) 

and the promotion of networks constitute the basis for these developments. 

 

SWISS SCIENCE EDUCATION - INNOVATIVE TEACHER 

PROFESSIONAL DEVELOPMENT (Stübi & Koch) 

SWiSE - Swiss Science Education has been a joint initiative of ten Swiss-German educational 

institutions since 2009: The Schools of Teacher Education PH Bern, PH FHNW, PH St. 

Gallen, PH Thurgau, PH Central Switzerland and PH Zurich, the Institute Unterstrass of the 

PH Zurich, the Swiss Science Center Technorama, and the two training bodies PZ.BS Basel-

Stadt and Baselland FEBL. SWiSE aims to develop interest in science and technology in 4- to 

16-year-old students. The project started with training and teaching development at the level 

of teachers and schools from kindergarten to secondary level. Teachers are supported to 

reflect the scientific and technical education and develop a competency-based education, to 

exchange the experience with other schools and build networks. 

SWiSE represents a unique collaboration between the different regions. In Switzerland, 

educational policy is regulated by canton and thus, the diversity of the educational systems is 

tremendous and challenging. SWiSE brings together experts from different educational 

institutions, research centers, ministries and school practice.     

Annual conference in science and technology education   

Since 2010, the annual conference in scientific and technical education is part of the SWiSE 

program. It offers a mix of lectures, market stands, workshops and meetings with teacher-

colleagues from different regions of Switzerland. The conference encourages an experimental 

culture in science and technology education and highlights the range of current teaching and 

learning materials, instruments, extracurricular offers and teacher trainings.    

Training modules   

SWiSE has been offering 59 training modules in experimentation, extracurricular learning 

sites, task culture / learning environments, technology, and acting for the future. Based on 

common conceptual principals, the participating institutions elaborated training 15-hour 

modules that keep a close relation to school practice and the individual development of each 

participant. Ideas and material developed in the course are implemented in teachers’ own 
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teaching and experience is exchanged and discussed on the next course day. There are several 

weeks between course blocks, time to try out the elaborated lessons and reflect. Participants 

share concrete scientific, technical and didactic ideas with other teachers and experts in 

didactics, and so may refine teaching and the school environment. 

Teaching and school Development at SWiSE schools 

SWiSE supports schools teachers to realize their individual further development in focusing 

on science and technology. The 61 SWiSE- schools (20 kindergarten / primary, 38 secondary, 

and 3 comprehensive schools) are distributed over six autonomous regions. In three school 

years (2012 to 2015), two so-called SWiSE-teachers per school commit themselves to engage 

in science and technology education and receive a tuition, financed from cantonal funds and 

contributions from the Foundation Mercator Switzerland, the AVINA Foundation and the 

Ernst Goehner Foundation as a compensation. Initially, teachers decide about their further 

development, regarding their own teaching and the school in science and technology 

education. Along with their school administration, they analyze needs, define individual goals 

in the areas of inquiry based learning, competence orientation and education for sustainable 

development. During the project, SWiSE-teachers visit training modules and participate in 

practice meetings and other SWiSE events.  SWiSE schools and teachers are accompanied 

and supported by science didactic specialists, school development and education policy. They 

also network with training institutions, other schools and teachers from all areas of German-

speaking Switzerland. Together, they face the challenges of everyday teaching and the 

education policy changes in the Swiss educational system (see www.edk.ch/dyn/11659.php). 

They start to implement the new Swiss German-speaking curriculum (Curriculum 21) and 

evaluate the initial experience with competence orientated teaching and assessment. The 

involved natural science teaching professionals and trainers ensure the link to didactic trends 

and research, the representatives of the cantonal education departments (ministries) bring in 

the current educational standards and policies. These, in turn, will receive valuable insight and 

feedback from school practice through which they can organize their work. In addition to 

training, coaching and practice meetings, there is also a dialogue on virtual networking 

platforms on which teaching materials and other documents can be exchanged.  SWiSE 

schools form development centres from which other teachers and schools can benefit. SWiSE 

teachers share their ideas and experiences, projects and educational materials at the annual 

public conference, in practice meetings, in trainings, at open days and in publications. 

Evaluation of SWiSE 

As the project aims to increase student interest in science via the development and 

professionalization of teachers, the evaluation had been set to the level of teachers. In our 

approach we incorporate the idea attitudes play a vital role in training evaluation and rely on 

Kirkpatrick & Kirkpatrick (2006) that suggest successful evaluation should include (1) 

participants’ satisfaction and their intention to continue in the program; (2) participants’ 

change in attitudes, improved knowledge, and/or increased skill as a result of the program. 

(p.22); (3) and (4) include behavioral change and the benefit in acting as a result of attending 

a program. Our primary research questions are: To what extent is SWiSE superior to 

traditional further education? What is the relation of teacher competence development to the 

increase in students’ interest? 

We evaluate SWiSE in a double controlled multi-level panel design. In the experimental 

group, 118 teachers receive SWiSE offers as is explained below. Control group one, colleague 

teachers in SWiSE schools (n≈40), is used to follow indirect SWiSE effects on colleagues. 

Control group two, off SWiSE’s reach (n≈18), follow their usual practice. The evaluation 

started in November 2012 and will end in summer 2015. 
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Altogether 25 relevant constructs are used on school level (e. g. leadership, transfer climate, 

school aims), teacher level (e. g. constructivist view on learning and teaching, meta-cognition, 

collegial co-operation, knowledge acquisition, benefit of offers in the program), and student 

level (e. g. learning motivation or flow experience). 

All constructs are valid scales taken from large-scale assessment studies and will be 

administered in a questionnaire in a pre-post-post-post design (begin of school year 2012/13, 

end of school year 2012/13, end of 2013/14, end of 2014/15), except the operationalization of 

teachers’ knowledge. There we use an online version of the vignette test construed and 

validated by Brovelli, Bölsterli, Rehm, & Wilhelm (accepted 2012). The vignette test 

qualitatively assesses knowledge aspect sensu Shulman (1987) and will be administered pre in 

winter 2012 and post in summer 2015. 
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PEDAGOGICAL CONTENT KNOWLEDGE ON MITOSIS 
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Abstract: Cell division by mitosis is a basic biological topic that is difficult to learn and to 
teach. Pedagogical content knowledge (PCK) has developed and changed since its original 
formulation by Shulman (1986). Few studies examine teachers’ PCK on mitosis and are mainly 
focused on secondary education. For this study, we adopted the PCK conceptualization by 
Magnusson et al. (1999) for science teaching. It explored a University biology teacher's PCK 
on mitosis, with the purpose of gaining insight into the complex nature of teaching mitosis. The 
study took place in the Veterinary College, University of La Plata, Argentina, in a cell biology 
course for first year students. The instruments employed were the Loughran et al.’s (2004) 
CoRe (content representation) and PaP-eR (Pedagogical and Professional-experience 
Repertoire) tools, and a visual organizer built by the participant. The CoRe consisted of eight 
questions, and PaP-eR was developed from field notes on a class observation. Additionally, an 
interview was held to review CoRe answers and specific aspects of the class. Sylvia 
(pseudonym) is a 32 year-old teaching assistant who participated in the study, has taught the 
course for seven years and has little teaching training. Results were analyzed by means of 
Magnusson et al.’s (1999) PCK components. Sylvia’s PCK on mitosis can be characterized as 
partially developed. Her knowledge and beliefs informed by CoRe are aligned with her 
transmission-orientated teaching revealed in the PaP-eR. She is aware of some critical aspects 
of teacher’s PCK based solely on her classroom experience and her subject matter knowledge. 
As this study was part of a larger research program, it challenged the research team to carry on. 
Further teaching assistants and professors of several courses are incorporated to the research 
agenda. Knowledge gained from the program would be built in novel contributions within 
specific teaching at the University level.  

 

Keywords: mitosis, pedagogical content knowledge, university, cell biology education  

 

INTRODUCTION 
Mitosis is a process of nuclear division in eukaryotic cells that occurs when a parent cell 
divides to produce two identical daughter cells. It is a topic located at the intersection of 
unifying themes of biology i.e. continuity, in relation to the reproduction of cell and organisms, 
and development for it relates to growth, tissue repair and regeneration. As students experience 
difficulties particularly for discriminating biological concepts such as chromosomes, 
chromatids, diploid cells, learning this topic demands considerable effort (Dikmenli, 2010, 
Infante-Malachias, Mello Padilha, Weller, and Santos, 2010). Teachers themselves find 
difficulties planning their classes on this topic (Knippels, Arend, and Kerst, 2005); teaching has 
been considered as a contributing factor to learning difficulties (Haambokoma, 2007).  

Pedagogical content knowledge (PCK) has developed and changed since its original 
formulation by Shulman (1986). In this study, we adopted the Magnusson, Krajcik and Borko’s 
(1999) PCK theoretical frame for science teaching. These authors conceptualize PCK as 
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consisting of five components: (a) orientations toward science teaching, (b) knowledge and 
beliefs about the science curriculum, (c) knowledge and beliefs about students’ understanding 
of specific science topics, (d) knowledge and beliefs about of assessment in science, and (e) 
knowledge of and beliefs about instructional strategies for teaching science. 

Few studies examine teachers’ PCK on mitosis and are mainly focused on secondary education. 
This case study explored a University biology teacher's PCK on mitosis, with the purpose of 
gaining insight into the complex nature of teaching this topic. The research question guiding 
the investigation was: what components of PCK on mitosis can be identified in a College 
context?  

 

METHODOLOGY  
Context of the study 
It took place in the Veterinary College, La Plata University, Argentina. First year students 
attend a mandatory Cell Biology 64 hour’s course which covers subject matter mainly related 
to animal cells. Mitosis is a topic that is focused on cytological aspects and presented to the 
students in a teaching sequence after two classes, the first dealing with basic genetic 
mechanisms –DNA replication, transcription, protein synthesis, DNA recombination and DNA 
repair– and the second with the cell nucleus –structure, chromatin organization–. The class 
included cell-cycle and cell division by mitosis and meiosis. Mendelian genetics are covered in 
a separate second year course.  

Instruments 
Instruments corresponded to the Loughran, Mulhall, and Berry (2004) CoRe (content 
representation) and PaP-eR (Pedagogical and Professional-experience Repertoire) tools. The 
CoRe consisted of eight questions (see Results section). The CoRe questionnaire was presented 
to the participant and discussed to orientate the elaboration of responses after the class 
observation. Later, it was sent by e-mail.  

The PaP-eR was developed from a class observation, one of the sources proposed by Loughran 
et al. (2004). Detailed field notes taken by MD that acted as a non-participant observer were 
used; a written version of the material originally gathered at the class was produced shortly 
afterwards.  

Participant 
Sylvia (pseudonym) is a 32 year-old teaching assistant in the Cell Biology course since 2006. 
She is a Veterinary Doctor and earned her PhD in the institution where the study was 
performed. She is devoted to her students, thoughtful about her classroom performance and has 
had very little and non-systematic teaching training.  

Supplementary data collection  
Believing that PCK is partly developed through action, to extend data collection Sylvia was 
also asked to build a visual organizer to represent the teaching sequence on the main concepts 
and relationships between them in connection to mitosis she would actually develop in a class. 
Diagrams, conceptual maps (Novak, 2010), and conceptual nets (Galagovsky, 1993) were 
presented and discussed as potential tools to use. Sylvia kindly provided the PowerPoint® set 
of slides used in the session as a supplementary material for PaP-eR development.  

Interview 
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A week after the analysis of Sylvia’s visual organizers and answers to CoRe, the writing of a 
PaP-eR draft was achieved; Sylvia was interviewed by NG and AR to review, and specific 
aspects of the class, the visual representation and her answers.  

 

RESULTS  

 

A. CoRe 
For clarity, Sylvia’s responses are presented together with the questions.  
1. What do you intend the students to learn about this topic? Sylvia’s central ideas were as 
follows: 

• Mitosis is a regulated process that occurs in unicellular and multicellular eukaryotic 
organisms.  

• Every cell originates from another existing cell like it (Virchow´s Omnis cellula e 
cellula). 

• In dividing cells, mitosis is the culmination of their cell-cycle.  

• In mitosis, the parent cell transfers its genetic material previously replicated to daughter 
cells.  

• Daughter cells originated by mitosis maintain the diploid number of chromosomes of 
the parent cell.  

• The sequence of events in mitosis is continuous; it is divided into stages mainly for 
didactic reasons.  

2. Why it is important for the students to know this? Sylvia stated that mitosis is a basic 
knowledge related to several biological concepts such as haploid and diploid cells, and 
processes like cell division by meiosis, and diploid chromosomal number restoration at 
fertilization.  

She highlighted that mitosis also provides knowledge basis for the understanding of molecular 
and cellular foundations of many diseases in which cell proliferation is altered.  

3. What else do you know about this idea (that you don't intend students to know yet)? 
Sylvia referred to a large body of knowledge on mitosis regulation, e.g. cascades of protein 
phosphorylation, the different members of the cyclin family, their groups and subtypes, and the 
metaphase-anaphase checkpoint. 

She also linked failures of the cell-cycle machinery to cancer development.  

4. Which difficulties/limitations are connected with teaching this topic? Main difficulties 
and limitations pointed out by Sylvia are summarized in Table 1. 

5. Knowledge about students' thinking that influences your teaching of this topic. From 
her teaching experience, Sylvia mentioned those common students´ misconceptions referred as 
difficulties and limitations in question 4.  

Additionally, she pointed out that the identification of those misconceptions can be used as a 
base to plan lessons.  
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Table 1 

Condensed main difficulties and limitations referred by Sylvia.  

Main difficulties Limitations 

1. The complex terminology as a main 
obstacle, i.e. chromatin, chromosome 
and chromatid, a set of terms closely 
similar for students although accurate in 
the domain-specific vocabulary. 

1. Students generally are not able to 
develop an adequate insight of mitosis 
within the cell-cycle. 

2. Misunderstanding in the timing of 
DNA replication, metaphase alignment 
and anaphase migration of 
chromosomes. 

2. Restricted ability to be aware of how 
nuclear and cytoplasmic changes take 
place simultaneously and to integrate 
them within the mitosis process. 

3. Lack of students’ understanding of the 
cell-cycle regulation at the molecular 
level. 

3. Failure to recognize application 
matters as the absence of cytokinesis 
naturally occurring in some specific cell-
types, and therapeutic use of mitotic 
spindle poisons. 

 

6. Which other factors influence your teaching of this topic? Sylvia believed teaching 
mitosis requires initially a major decision about its approach for mitosis can be focused from 
different facets: it depends on the course context, namely cell biology or pathology. The time 
available to cover this topic is another conditioning factor.  

7. Teaching procedures (and particular reasons for using these to engage with this topic). 
Sylvia answered by means of a list of activities parted as before-class activities and in-class 
activities. They are presented in Table 2.  

 

Table 2 

List of activities Sylvia proposed to engage students.  

1. Before-class activities 

Students are expected to read this topic from their textbooks at home, as a way to engage their 
participation in class. 

Also prior to class, students should do assigned homework to revise previous concepts needed 
for the new topic and practice new ones. 

2. In-class activities  

First, she would present the topic by a teacher-directed lecture, though avoiding its classical 
format by asking questions to promote students’ active participation. 

A second set of in-class activities include exercises dealing with factual knowledge such as 
changes in the nuclear compartment, number of chromosomes and chromatids, identification 
of mitosis phases, cytoplasmic changes e.g. in the cytoskeleton, the cell-cycle regulation, and 
differences between mitosis of plants and animals. These learning tasks include written 
explanations, simple mathematical calculations, and description of images of dividing cells.  
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8. Specific ways of ascertaining students' understanding or confusion around this topic. 
Sylvia answered she assesses diverse aspects of mitosis by questions during explanation of the 
topic in class (e.g., for ploidy: If a cell has a 38 diploid number, which is the ploidy and 
number of chromosomes in the daughter cells?). She also encourages her students to analyze, 
compare and discuss the mitosis stages depicted in the slides used in class as a way to make 
explicit misconceptions held by students.  

 

B. PaP-eR 
For brevity, the class observation is presented as a condensed report. The specific material 
covered includes cell-cycle in animal cells, and cell division by mitosis and meiosis. This PaP-
eR deals with the first two topics.  

• First minutes of the session were dedicated to taking students’ attendance.  

• Class properly started when Sylvia linked the lesson topics to previous classes. She also 
made clear to the students the intended learning outcomes by commenting on each of the 
session’s objectives.  

• Subject matter was presented with a set of PowerPoint® slides. After 15 minutes lecturing 
on cell-cycle, she posed the students an activity to assess their understanding and keep up 
their attention. It consisted in some questions presented in a slide (Fig. 1) on how to 
differentiate cells in some phases of the cell-cycle. Students engaged for 10 minutes in small 
collaborative groups to discuss and elaborate the answers. During the following 15 minutes 
students presented verbally their responses; Sylvia acted as a moderator and posed 
additional questions to promote further discussion and understanding.  

 
Figure 1. First activity presented to the students in the session. The expected responses involve 
the occurrence of RNA, DNA and protein synthesis at specific phases of the cell-cycle, e.g. 
DNA is synthesized only in the S phase so it can be employed to differentiate G1 phase of S 
phase. 
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• The cell-cycle regulation, its processes and checkpoints were explained in the following 20 
minutes. The explanation relied on molecular and cellular aspects, viz. kinases and cyclins. 
At this moment, the pacing of the class slowed down for students clearly struggled to recall 
the proteins functions, a basic factual knowledge needed to incorporate new meanings into 
their prior knowledge i.e. to conceptualize cell-cycle regulation.  

• Next, roughly 5 minutes were assigned to the contextualization of mitosis (and meiosis) 
within the conceptual frame of sexual and asexual reproductions. Explanations were 
developed on students´ previous ideas on the topic.  

• Sylvia proposed another activity regarding the ploidy and homologous chromosomes 
concepts. It was a short problem, consisting of two questions about a hypothetical cell (Fig. 
2). A designated student of each group presented the answers to the class. Some of the 
students’ responses showed clear evidence of their confused ideas on chromatids and 
homologous chromosomes. All misunderstandings were discussed and correct answers were 
summarized by Sylvia.  

 
Figure 2. Second activity presented to the students in the session. Expected answers are (a) the 
haploid number is 3, and (b) the set of chromosomes is haploid.  
 
• Sylvia continued the class by explaining the cytological aspects of mitosis. The organization 

of the interphase nucleus was revised and a guided interpretation of its changes through 
mitosis was verbally elaborated by students as they described the photographs on the slides. 
She also established relationships between metaphase and anaphase with the corresponding 
cell-cycle checkpoint.  

• As a summary and also to reinforce the covered material on mitosis, a 2.47 minutes 
YouTube video was presented (https://www.youtube.com/watch?v=cvlpmmvB_m4).  

During the 90 minutes lesson, Sylvia tracked her students’ previous knowledge by directing 
questions such as: “Which are the phases of cell-cycle?” etc. When students’ responses were 
conceptually inadequate e.g. confusing cell-cycle with mitosis (and meiosis) or chromatids and 
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homologous chromosomes, she dedicated time to help students overcome those errors, and 
wrong answers were tactfully corrected. As the content was supported by PowerPoint® slides, 
Sylvia took advantage of graphic materials by asking questions and encouraging students to 
“read” the images as a way to keep them actively involved in the class. In regard to the 
questions addressed to students, although they were constantly incentivized to explicit their 
ideas, few of the 30 students attending this session participated and showed scarce knowledge 
building.  

The student participation varied along the session. The activities within the collaborative 
groups were solved enthusiastically. Some students showed engagement to this topic when 
dealing with low complexity issues: they listened, took notes and eventually nodded their heads 
as recognition of their understanding. When cell-cycle regulation was introduced, they seldom 
did anything besides listening. In the final moments students regained participation and 
produced verbal descriptions of the visuals employed by Sylvia. When asked by MD after 
class, students stated the video was perceived as a useful material to enhance their learning.  

 

C. Sylvia´s visual representation on mitosis  
The visual representation built by Sylvia is presented in Figure 3.   

 
Figure 3. Sylvia´s visual representation of her sequencing of instructional material on mitosis. 
 cyclins and quinase dependent cyclins (Cdk),  regulation, checkpoints,  cell-cycle,  
interphase,  division,  karyokinesis,  cytokinesis,  mitosis,  mitosis stages (prophase, 
etc.).  
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Sylvia’s visual representation included several topic-specific terms. Three key words were 
boxed: two of them were highlighted by a different colour font and a third by a bold type. All 
terms were connected by arrows without linking words. Cell-cycle was linked to (1) interphase 
and division, and (2) regulation which in turn were connected to cyclins and cyclin-dependent 
kinases (Cdk) with some examples provided, and also to the main checkpoints that control the 
cell division cycle in eukaryotes. Main features of karyokinesis stages were incorporated by 
short texts at the bottom of the display e.g. spindle organization in prophase. Finally, a dotted 
line connected telophase to cytokinesis.  

 

DISCUSSION  

In this case study the PCK of a University teacher on mitosis was explored. The choice of this 
topic was based on its disciplinary centrality in introductory biology courses and on the need to 
search for potential aids to overcome students’ and teachers’ long recognized difficulties. The 
tools employed were the Loughran et al. (2004) CoRe and PaP-eR.  

The discussion was structured around two sections. The first section offered the analysis of 
CoRe and PaP-eR outcomes, and the second part examined Sylvia’s visual representation 
features.  

Analyses of the CoRe and PaP-eR outcomes 
Sylvia’s responses to CoRe and the PaP-eR developed from the observation of her class by the 
Magnusson’s et al (1999) PCK components led to the following appreciations.  

Orientation toward science teaching 
An orientation represents a general way of viewing of conceptualizing science teaching; it is 
described with respect to the goals of science teaching and the characteristics of the instruction 
(Magnusson, Krajcik, & Borko, 1999). In reference to the goals of teaching this topic Sylvia 
combined academic rigor –“mitosis is a basic disciplinary topic”– (CoRe questions 1 and 2), 
and a didactic orientation as her class was focused on the transmission of factual knowledge. 
As reported in the PaP-eR while actually teaching Sylvia had a didactic approach: information 
was presented by explanations, short discussions and questions directed to students to make 
them accountable for their knowledge on the facts of science. Though she drove her students to 
develop thinking processes, the session was teacher-centered.  

Knowledge of science curriculum 
This component of PCK consists of two categories: teachers’ knowledge of the goals and 
objectives for students in the subject they are teaching and their knowledge of what students 
have learned previously and what they are expected to learn later on (Magnusson et al., 1999). 
Sylvia was knowledgeable about the objectives for students in this course; as the PaP-eR 
reflected, she started the session drawing her students’ attention to the class’ objectives. 
Throughout the session she made clear connections to topics addressed in previous meetings 
and linked mitosis to other courses, i.e. Pathology (CoRe questions 2 and 6).  

Knowledge of students’ understanding of science 
Two categories of knowledge are included in this third component: requirements for learning 
specific science concepts, and areas of science that students find difficult (Magnusson et al., 
1999). Sylvia did not mention requirements for learning this topic nor acknowledged its 
abstract nature but she was well aware of students’ difficulties on mitosis such as the 
complexity of terminology and misunderstanding on the timing of processes within cell-cycle 
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(CoRe question 4). In the session, when such issues came up she dedicated time in several 
opportunities to help students recall previous concepts required.  

Knowledge of assessment in science 
There are two categories of knowledge included in this conceptualization: knowledge of the 
dimensions of science learning to assess and knowledge of the methods of assessments 
(Magnusson et al., 1999). Sylvia considered that oral quizzes (CoRe question 8) were suitable 
for formative assessment about mitosis in class; indeed the PaP-er showed she constantly 
monitored the progress of students' understanding. Additionally, she believes individual and 
written summative evaluations should be implemented after each session of the course. 

Knowledge of instructional strategies  
This component is comprised by two types of knowledge: knowledge of subject-specific 
strategies and knowledge of topic-specific strategies (representations and activities). Sylvia’s 
emphasizes on the students’ involvement (CoRe question 7), and strongly intends her students 
to participate during the lecture, as the PaP-eR showed. She listed activities dealing with 
factual knowledge of mitosis; some of them could be valued as topic-specific strategies e.g. 
simple mathematical calculations dealing with the number of chromosomes and chromatids in 
parental and daughter cells and identification of mitosis phases. Although varied, it is hard to 
conceive these activities would actually engage students.  

A special consideration must be drawn on the actual strategy developed by Sylvia, which is the 
lecture, the most traditional instructional and widespread teaching strategy in universities. The 
teaching sequence was prescriptive and encapsulated in the PowerPoint® slides provided by 
the course coordinator professor. However, some modifications were available for teaching 
assistant to make and Sylvia’s choice rested on the incorporation of few images concerning 
molecular aspects of cell-cycle regulation thus reinforcing the academic aspect of this 
troublesome scientific idea for students.  

Analyses of Sylvia’s visual representation 
The visual representation, in a global view, had mostly a “string design”. It did not fit into the 
proper format of conceptual maps or conceptual nets; rather it could be characterized as a 
diagram to convey key concepts and specific issues to be taught. At first glance, the absence of 
hierarchical structure emerged as a main feature but closer inspection allowed distinguishing 
central ideas highlighted in accordance with her response to CoRe question 1. This was 
confirmed at the interview. Other aspect i.e. absence of linking words between the terms 
selected was explained by Sylvia at the interview: the decision was made for clarity. It is 
noteworthy that no “cross links” were employed. Cross links, a notion adapted from Novak’s 
conceptual maps (2010), are relationships between concepts in different domains; they help to 
see how the domains of knowledge represented are related to each other. When interviewed, 
Sylvia insisted on clarity.  

As PCK is a highly complex construct that is difficult to assess (Baxter and Lederman, 1999, 
Loughran et al., 2004), Sylvia was asked to draw a pictorial representation of an ideal 
instructional sequence with the purpose of making her ideas “conceptually transparent” to 
researchers. The outcome of this open-ended approach was an almost linear sequence coherent 
with her teaching narrated in the PaP-eR and her answers to CoRe for she stressed on mitosis as 
an academic content related to other topics belonging to future courses i.e. cancer.  
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CONCLUSIONS AND FURTHER RESEARCH  
Bearing in mind that (1) PCK is not static and content-specific, (2) CoRe is linked to particular 
science content, and (3) PaP-eRs provide a window to teaching/learning situations, Sylvia’s 
PCK on mitosis can be characterized as partially developed. Her PCK informed by CoRe was 
aligned with her transmission-orientated teaching revealed in the PaP-eR. She displayed a 
mastery of subject matter knowledge whereas her knowledge on students, assessment and 
curriculum is derived only from experience of practice.  

In regard to our research question, this investigation allowed to explore and characterize all 
PCK components as informed by the Loughran et al’s instrument; some of which were 
confirmed by Sylvia’s visual representation. However, under the view of PCK as proposed 
originally by Shulman (1986) that includes “the most powerful analogies, illustrations, 
examples, explanations, and demonstrations-in a word, the ways of representing and 
formulating the subject that makes it comprehensible for others” (1986, p.9), present findings 
were insufficient to our goal.  

As this study was part of a larger research program, it challenged the research team to carry on. 
Further teaching assistants and professors of several courses e.g. Introductory Biology, Cell 
Biology and Zoology are being incorporated in the research agenda. Very few studies exist that 
actually focus on the teaching of mitosis as specific science content. Knowledge gained from 
the program would be built in novel contributions within specific teaching at the University 
level.  
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Abstract: This paper presents a theoretical examination of teachers' cognition involved in 

integrating new practices to the instruction of science. It reviews studies of Pedagogical 

Content Knowledge (PCK) and Technological Pedagogical Content Knowledge (TPCK) and 

questions their applicability in conceptualizing teachers' knowledge at the individual 

cognitive level. It argues that while categorical models of teachers' knowledge are productive 

for acknowledging and assessing specialized knowledge for teaching, they are still far from 

fully describing teachers' complex coordination of knowledge. Informed by the Knowledge in 

Pieces epistemological perspective (diSessa, 1993) it is suggested that teachers’ knowledge 

could be more productively modeled as a dynamic complex system in which PCK (or TPCK) 

reflects an evolving state of a complex system instead of a dichotomist category of 

knowledge. 

Keywords: pedagogical content knowledge, knowledge in pieces, online teaching 

 

INTRODUCTION 
How well do prevalent categorical conceptualizations of teachers' knowledge account for the 

coordination and development of specialized knowledge for teaching during actual practice? 

This question is particularly crucial  when considering the large-scale integration of 

educational technologies in the instruction of science. K–12 online learning programs are 

becoming widespread (Barbour, 2009; Powell & Patrick, 2006). Information communication 

technologies (ICT) contain no inherent specific instructional functions, and many of the pre-

designed online curricular materials are not necessarily fully designed for the instructional 

functions a teacher might implement at a given moment. Take for example a physics teacher 

who teaches a fully online class. Consider the possible ways in which this teacher might use 

an available technology and online instructional resources by redesigning and transforming 

them in moment-to-moment activity aimed at achieving a local particular instructional goal. 

This teacher draws upon and coordinates various types of knowledge such as previous 

instructional experiences, content knowledge, familiarity with the class as a group and the 

students as individuals, knowledge about the available technology, available curricula, 

alternative instructional schemes, etc. 

The complex coordination described above is sometimes carried out over a microgenetic time 

scale as the teacher cognizes, explores and responds to the students’ reactions, with the local 

instructional goal in mind. It also has a developmental aspect. A teacher’s first efforts at 

employing a particular online-instruction scheme probably differ from her uses of this 

scheme as a skilled online teacher.  Thus the form and function of the instructional action 

employed by a teacher change over time and with accumulated experience.  

How well do prevalent categorical theoretical conceptualizations of teachers' knowledge 

account for this coordination? This paper argues that they are still far from achieving this 

goal. It questions the productivity of conceptualizing teachers'  knowledge at the individual 

cognitive level as compartmentalized into categories and subcategories, and suggests an 

alternative perspective.  
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CATEGORICAL MODELS OF TEACHERS' KNOWLEDGE 

Lee Shulman's influential work reframed the study of teachers’ knowledge in ways that 

attend to the role of content in teaching, and represent the specialized understanding of 

content that is unique to the profession of teaching.  Shulman (1986, 1987) defined seven 

categories of knowledge for teaching, and argued that the category that is most likely to 

distinguish the content specialist from the pedagogue is the category of Pedagogical Content 

Knowledge (PCK). He described PCK as “ways of representing and formulating the subject 

that make it comprehensible to others” (1986, p. 9). Since its introduction in 1986, PCK has 

become widely employed in the context of teacher education. Many studies have highlighted 

the central role of PCK in teachers' practice and in teacher education. However, some 

educational researchers (Ball, Thames, & Phelps, 2008; Borko & Putnam, 1996; Friedrichsen, 

Driel, & Abell, 2011; Gess-Newsome, 1999; Lee, Brown, Luft, & Roehrig, 2007; 

Magnusson, Krajcik, & Borko, 1999; Marks, 1990; Schoenfeld, 2006) have also argued that 

an understanding of the nature of PCK; namely, a clear unambiguous definition of its scope, 

structure and function, is needed both theoretically and empirically. Some of the researchers 

cited above (Ball et al., 2008; Hill, Ball, & Schilling, 2008; Magnusson et al., 1999; Park & 

Chen, 2012; Tsamir & Tirosh, 2008) suggested parsing Shulman’s PCK and CK (content 

knowledge) or SMK (subject matter knowledge) categories into further subcategories. 

However there is no consensus on the list of these subcategories, their definitions, 

hierarchical structure or empirical differentiation.  

The developmental process of PCK is another open question.  Shulman and colleagues 

(Wilson, Shulman, & Richert, 1987) suggested that PCK  emerges and grows as teachers 

transform their content knowledge for the purposes of teaching. The general transformative 

nature of PCK has been embraced at different levels by many researchers (see for example 

the collection of studies in Gess-Newsome & Lederman, 1999). Yet there are hardly any 

studies that examine in detail how this transformation takes place. One possible reason is that 

the researchers who have paid the most attention to PCK are primarily interested in 

determining what teachers need to know in order to teach effectively and how this knowledge 

can be assessed.  

Empirical evidence shows that teachers’ knowledge is much more fragmented, intuitive and 

context-sensitive than categorical models of teachers’ knowledge suggest.  Researchers who 

have examined teachers’ instructional actions have documented idiosyncratic and topic-

specific integration of components (e.g., Grossman, 1990; Park & Chen, 2012), whereas 

researchers who asked teachers to think about different specific teaching contexts found that 

teachers express contradictory pedagogical views in different contexts (Eley, 2006; Kali, 

Goodyear, & Markauskaite, 2011; Kane, Sandretto, & Heath, 2002; Postareff, Katajavuori, 

Lindblom-Ylanne, & Trigwell, 2008). Hence, modeling teachers’ knowledge as neatly parsed 

categories might be instrumental for the purpose of establishing external standards and 

assessment; however, it is unlikely that this is how this knowledge is organized and 

constructed in teachers’ minds (Borko & Putnam, 1996; Gess-Newsome, 1999). 

The increasing role of technology in education has added additional complexity to the notion 

of PCK (Borko, Whitcomb, & Liston, 2009). Several lines of research have aimed to 

conceptualize the knowledge that instructors and designers of technology-rich learning 

environments draw on. A widely investigated strand is “Technological Pedagogical Content 

Knowledge” (TPCK) (AACTE, 2008; Angeli & Valanides, 2009; Archambault & Crippen, 

2009; Koehler & Mishra, 2005; Koehler, Mishra, & Yahya, 2007; Mishra & Koehler, 2006; 

Schmidt et al., 2009) which makes explicit reference to PCK. Koehler and Mishra (e.g., 

Koehler & Mishra, 2005; Koehler, Mishra, Hershey, & Peruski, 2004; Koehler et al., 2007; 
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Mishra & Koehler, 2006) conceptualized TPCK as an extension of the concept of 

Pedagogical Content Knowledge (Shulman, 1986, 1987). They suggested that the integration 

of technology into the process of education adds an additional core category to Shulman’s 

framework.  Hence, TPCK is a subcategory of knowledge that reflects the intersection of 

three core categories of teachers’ knowledge: technological knowledge (TK), pedagogical 

knowledge (PK), and content knowledge (CK).  

The general idea of specialized knowledge for teaching specific content with technology is 

certainly compelling. However, the TPCK model has been criticized on theoretical grounds. 

Graham (2011) pointed out that it is not clear whether the development of TPCK should be 

conceptualized as transformative or integrative, an ambiguity that has been highlighted by 

other scholars as well (Archambault & Barnett, 2010; Archambault & Crippen, 2009). Angeli 

and Valanides (2009) argued that although teachers’ epistemic beliefs and values about 

teaching and learning influence how they reason about their disciplinary instruction, they are 

not represented in the TPCK model.  In particular, teachers’ epistemic beliefs and values have 

been dealt with  in some categorical models of PCK, although this subcategory has not been 

developed or described in detail at the individual processing level (e.g., Carlsen, 1999; 

Magnusson et al., 1999; Park & Chen, 2012). 

Thus although PCK and TPCK are productive terms for acknowledging specialized 

knowledge for teaching, modeling teachers’ knowledge at the individual cognitive level as 

parsed into dichotomist categorizations fails to reflect the empirical findings cited above. 

Recently it has been suggested that TPCK is not a fixed category of knowledge but rather a 

higher level mental model that helps teachers to integrate their prior knowledge (Krauskopf, 

Zahn, & Hesse, 2012): "Teachers need not only to combine from more independent 

knowledge domains (TK and PK) more interrelated aspects (TPK and PCK), in order to solve 

for the overall task (TPCK). Rather, with regard to the representational format, this 

combination needs also to be accompanied by a transformation into a mental model 

representation of elements and interrelations that can be manipulated and from which 

inferences can be made" (p. 1196). Yet, this suggestion also has its theoretical limits. First, 

the suggested processes are unidirectional (TK+PK=>TPK, PK+CK=>PCK, 

TK+PK+CK=>TPCK) rather than multidirectional transformations (e.g, PCK=>CK). Every 

teacher has experienced moments when her understanding of content deepened after 

designing instruction, and during these experiences for instance PCK led to the improvement 

of CK. Second, the suggested mental model accounts for the dynamic attributes of teachers' 

knowledge but not for their stable knowledge constructs. The next section explains why, in 

my view, modeling teachers’ knowledge as a dynamic complex system in which PCK (or 

TPCK) reflects an evolving state of a complex system rather than a category may come closer 

to describing the dynamics of teacher knowledge at the cognitive level. This paper does not 

dismiss the notion of mental models with regard to teachers' knowledge, but argues that they 

are only one part of the complex knowledge system. 

 

MODELING KNOWLEDGE AS A COMPLEX SYSTEM 

Modeling the mind as a complex knowledge system and attending to the mechanisms of 

change involved in learning entails describing reasoning and understanding as involving 

many diverse knowledge elements that can be activated and used in particular contexts. 

Complex systems approaches to cognition have a theoretical basis in both artificial 

intelligence (Minsky, 1986) and in complex systems science (Jacobson & Wilensky, 2006; 

Sabelli, 2006). In the field of educational research, an influential effort to study thinking and 

learning from a complex systems perspective was initiated (1993) by diSessa in an article 
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presenting the empirical underpinnings of the “Knowledge in Pieces” (KiP) epistemological 

perspective (diSessa, 1993). 

The basic knowledge elements of the system 

The KiP approach to understanding individual reasoning involves identifying elements of 

knowledge evident in episodes of learning at a small enough grain size so that they are not 

thought of as intrinsically right or wrong, but instead as productive or not for a particular 

context (diSessa, 1993, 1996; diSessa, Gillespie, & Esterly, 2004; Kapon & diSessa, 2012; 

Parnafes, 2007; Parnafes & diSessa, in press; B. L. Sherin, 2001). For example, diSessa 

(1996) showed how a student’s explanation of projectile motion that might have been 

interpreted as an incorrect “impetus theory” misconception (McCloskey, 1983) should 

instead be decomposed into the activation and use of several ideas that can in fact be 

productive in different contexts. In the same manner, it is argued here that modeling PCK as a 

separate cognitive category masks its fine structure and thus the explanation for this typical 

conduct. In fact, an article (Kali et al., 2011) that reexamined two earlier studies on 

educational design practices (Goodyear & Markauskaite, 2009; Ronen-Fuhrmann & Kali, 

2010), as well as an empirical study that followed the learning of pre-service science teachers 

enrolled in a model-based physics course for potential teachers (Harlow, Bianchini, Swanson, 

& Dwyer, 2013) explicitly suggested that conceptualizing pedagogical knowledge as 

fragmented seems more in line with empirical findings than a theory-like categorical 

conceptualization. Kali et al. termed the relevant basic knowledge elements  "pedagogical p-

prims," thus adapting diSessa (1993) concept of phenomenological primitive (p-prim), 

Harlow et al. termed them  "pedagogical resources" (the term "resources" was adapted from 

Hammer, Elby, Scherr, & Redish, 2005 interpretation of KiP). 

The development of the knowledge system 

Knowledge from a KiP perspective is modeled as a complex system with loosely interacting 

small knowledge elements (KE) that are not intrinsically right or wrong. Hence, learning 

involves a progressive systemization of this system driven by mundane and accumulated 

experiences, which necessitates the reorganization and recontextualization of existing KE and 

the integration of new ones; hence the path from Naïve => Novice => Expert is continuous 

and gradual. From this point of view, “concepts” are not modeled as unitary elements but 

rather as complex knowledge systems that evolve along this path.  

When employing a KiP perspective, one assumes that information in the world is not 

transparently available. An underlying assumption is that the knowledge system provide ways 

of perceiving the “right” and the  "relevant" information, and that these knowledge constructs 

develop and function as knowledge systems (diSessa, 2002; diSessa & Sherin, 1998; diSessa 

& Wagner, 2005; Wagner, 2006, 2010). diSessa and Wagner (2005) and Wagner 2010 

discuss the notion of concept projections; namely, the assimilatory schemes with which a 

knower assimilates and interprets that which is available to be perceived. They argue that 

concept projections are derived from experiences. Thus good instruction involves carefully 

choosing and exposing the learner to a wide variety of contexts in which the concept is used. 

This will allow the learner to accommodate and generate a large span of conceptual 

projections, which will afford the identification of the concept in different contexts.  

It is argued here that teachers'  professional knowledge functions as a complex knowledge 

system which informs their perception and interpretation of incidences of learning and 

instruction, and that the theoretical machinery described in the paragraphs above is applicable 

to this knowledge system as well. Table 1 presents an interpretation of existing findings from 

previous studies on teachers' knowledge from a KiP perspective. 
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Table 1 

Interpreting existing findings on teachers’ knowledge from a KiP perspective 

Research findings A knowledge system account 

Experience-based instructional approaches support 

sophisticated use of technology for teaching among pre-

service teachers (Angeli & Valanides, 2009; Koehler & 

Mishra, 2005; Koehler et al., 2007; Kramarski & 

Michalsky, 2010) 

Providing experiences from which 

the development and 

accommodation of new concept 

projections can be derived 

CK and PCK are developed simultaneously 

(Kleickmann et al., 2013) 

Designing instruction provides 

opportunities to refine existing 

concept projections related to 

content 

Teachers implement instructional reforms through the 

lens of their current practices (Cohen & Ball, 1990; 

Kleickmann et al., 2013) 

Teachers interpret instructional 

reform by activating assimilatory 

schemes  

The development of PCK is an ongoing continuous 

process throughout a teacher’s career (Seymour & 

Lehrer, 2006; M. G. Sherin, 2002) 

The road  from a novice to an 

expert teacher is a continuous 

gradual path 

PCK develops in relatively mundane ways (Seymour & 

Lehrer, 2006; M. G. Sherin, 2002) 

The development of the 

knowledge system involves a 

progressive systemization 

 

Additional affordances of the KiP perspective 

KiP also offers additional affordances to the study of teachers’ knowledge.  First, studies on 

personal epistemologies made up of fine-grained, context-sensitive resources (diSessa, 1985; 

Elby, 2001, 2009; Elby & Hammer, 2001; Hammer & Elby, 2003; Louca, Elby, Hammer, & 

Kagey, 2004) suggest that  the KiP description of particular forms of knowledge elements in 

a complex knowledge system might also apply to teachers’ personal epistemologies. Second, 

the inherent contextual sensitivity of KiP is advantageous when accounting for changes in 

teachers' knowledge during practice.  Third, KiP models of the nature and dynamics of 

knowledge elements, which when activated are considered as explanatory without any 

questioning at the timescale of particular reasoning (i.e., “this is how things are”) (diSessa, 

1993; Kapon & diSessa, 2012), suggest terminology that might describe teachers' decisions 

that appear to respond in a rule-governed  manner to particular configurations of cues (such 

as described by Calderhead (1981)). 

 

CONCLUSION 

It was argued here that while categorical models of teachers' knowledge are productive for 

acknowledging and assessing specialized knowledge for teaching, they are still far from fully 

describing teachers’ knowledge at the individual cognitive level. It is hypothesized here that 

to account for the coordination and development of specialized knowledge for teaching 

during practice, such as the complex coordination of knowledge involved in teaching a 

disciplinary content in a fully online classroom, it might be more productive to model 
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teachers’ knowledge as a dynamic complex system in which particular exemplars of PCK (or 

TPCK) reflect an evolving state of a complex system instead of dichotomist categories of 

knowledge. 
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Abstract: This paper aims to investigate the pedagogical content knowledge (PCK) for 

teaching green chemistry among organic chemistry professors at the Institute of Chemistry 

at the University of São Paulo. These teachers are experts from traditional fields of 

chemistry and work in different undergraduate degree programs: chemistry, environmental 

chemistry, chemistry teacher education and industrial chemistry. The data collected were 

based on a 44-item questionnaire that was administered to five teachers. The questionnaire 

was developed to target specific aspects of green chemistry education, considering the 

PCK elements included in Grossman’s model. Analyses of the responses were conducted 

both at the individual and collective levels. Considering Grossman’s model, the conceived 

purposes for teaching green chemistry related to three models of sustainability issues 

within chemistry education described in the recent literature: traditional, contextualized 

and socio-scientific. The results revealed a significant dependence between teachers’ 

content knowledge and PCK in terms of consistency between the purposes and strategies 

for teaching green chemistry, understanding the difficulties of students and curriculum 

knowledge. The investigated teachers showed a preference for a socio-scientific approach 

as well as for substantial alignment and consistency between the different PCK 

components. 

Keywords: green chemistry, pedagogical content knowledge, university teachers, 

undergraduate chemical education. 

 

INTRODUCTION 

The concept of Pedagogical Content Knowledge (PCK) was first presented by Shulman at 

a conference at the University of Texas in 1983, which featured "the missing paradigm in 

research on teaching" as its theme. The missing paradigm was referred to as a blind spot 

with respect to content - i.e., studies have investigated generic questions about teaching 

(how teacher manage their classrooms, plan lessons, organize activities and allocate time 

and turns) but have failed to understand how teachers teach content (Shulman, 1986).  

Shulman claims that teachers need to have many different types of knowledge, and he 

argues that there exists an elaborate knowledge base for teaching that includes pedagogical 

content knowledge. He defines PCK as “that special amalgam of content and pedagogy 

that is uniquely the province of teachers, their own special form of professional 

understanding” (Shulman, 1987). Notwithstanding that the concept of PCK receives 

different interpretations and descriptions in the literature, the idea of PCK has emerged as 

an essential knowledge base, and there is some consensus that this knowledge develops 
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during the training of teachers and in the context of their professional practice (Abell, 

2008, Loughran, Mulhall & Berry, 2004).  

Although aspects of Shulman’s general views are widely accepted, many models of PCK 

have been proposed as researchers have interpreted Shulman’s ideas in various ways. The 

first and one of the most commonly used models to characterize PCK was proposed by 

Grossman (1990). In this model, PCK is primarily dependent on conceiving a purpose for 

the specific teaching content, and PCK is defined as the following knowledge set: i) the 

student’s understanding, ii) the curriculum, and iii) the instructional strategies.  

The use of PCK in recent literature can be described according to two broad categories. 

PCK has been investigated in the context of specific contents, such as the amount of 

substance (Padilla et al., 2008) or quantum chemistry (Padilla & Van Driel, 2011) and also 

regarding general aspects of science education, such as inquiry-based learning (Espinosa-

Bueno et al., 2011) or the nature of science (Faikhamta, 2012). Within this context, green 

chemistry can be thought of as both specific content and as a more general aspect of 

science education that is closely related to education for sustainable development. 

Green Chemistry 

Green chemistry focuses on environmental concerns about materials, energy and 

production cycles and demonstrates how fundamental chemical principles and 

methodologies can protect human health and the environment (Anastas & Kirchhoff, 

2002). The principles of green chemistry are central to chemical education because 

chemical professionals should be guided to develop the tools and skills to support global 

sustainability. For this, future chemists must acquire the technical knowledge to design 

products and chemical processes with an increased awareness of environmental impact and 

develop an enhanced consciousness of the importance of sustainable strategies in chemical 

research and the chemical industry.  

Green chemistry has the potential to considerably enhance chemistry learning and improve 

students’ understanding of concepts. Incorporation of the principles of green chemistry into 

class material can be coupled with specific strategies to complement the chemistry 

curriculum and serves as a reminder that the chemistry we practice has important social 

and environmental impacts (Braun et al., 2006). 

The literature suggests that the implementation of green chemistry in the curriculum 

contributes to the general aims of science education, being an important element in the 

development of scientific literacy within the general public (van Eijck & Roth, 2007). 

Green chemistry provides students with the opportunity to make connections among the 

discipline of chemistry, other disciplinary subject matters, and aspects of their lives. With 

respect to higher education, green chemistry has the potential to contribute to the education 

of chemical professionals for bringing about sustainable practices related to the 

environment and environmental health (Karpudewan, Ismail & Roth, 2012). 

Green chemistry education can provide the required knowledge and awareness to develop 

the technologies that are necessary to achieve the ultimate goal of a sustainable world. The 

adoption of the approach made possible by teaching green chemistry at different levels of 

chemistry education has received significant attention in the recent literature (Eilks & 

Rauch, 2012; Burmeister & Eilks, 2012; Burmeister, Rauch & Eilks, 2012; Mandler et al., 

2012, Karpudewan, Ismail & Roth, 2012; Andraos & Dicks, 2012; Marques, 2012). Green 

chemistry provides students the opportunity to make connections between chemistry, other 

disciplines and aspects of everyday life. The importance of this topic beyond the basics of 
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chemical learning relates to the ability to participate in the development of society, as 

discussed in terms of education for sustainable development (Eilks & Rauch, 2012).  

Students at all  levels can be introduced to the philosophy and practice of green chemistry. 

The effort to integrate green chemistry to the curriculum teacher is still consistent with the 

needs of making education focused on sustainable development, influenced by motivations 

and attitudes (Karpudewan, Ismail & Roth, 2012; Karpudewan, Ismail & Mohamed, 2009). 

With the introduction of green chemistry principles into the curriculum, students and the 

scientific community would significantly benefit. Furthermore, students would enter the 

professional world with knowledge of the weaknesses of current industrial process, 

coupled with the motivation for the development of solutions based on green chemistry 

principles in an interdisciplinary environment. 

In a recent work about the curriculum and aspects of green chemistry, aspects, in recent 

work, Burmeister, Eilks & Rauch (2012) proposed basic models for the implementation of 

aspects related to sustainable development in the teaching of chemistry in the intermediate 

and advanced levels. Three of these models are described below: 

Model 1: Adopting green chemistry principles to the practice of science education lab 

work: This model involves the transformation of traditional experiments into experiments 

oriented around green chemistry principles. Students can learn how chemistry research and 

the chemical industry attempt to minimize the use of resources, maximize effects, and 

protect the environment. In this approach, the emphasis does not touch upon the most 

controversial aspects regarding decisions about alternative technologies or the complex 

interactions among science, technology and society. 

Model 2: Adding sustainability strategies as content in chemistry education: This model 

adopts the basic chemical principles behind sustainability and green chemistry and their 

industrial applications as topics within the chemistry curricula. This approach highlights 

covert learning about the chemical principles behind everyday processes and end products, 

thus making them more meaningful to students. 

Model 3: Using controversial sustainability issues for the socio-scientific issues that drive 

chemistry education: This model integrates learning in chemistry with socio-scientific 

issues that tap into current social debates. Its primarily focus is on learning exactly how 

developments in chemistry can be and actually are evaluated and discussed within society 

using all of the dimensions of sustainability. In other words, this model seeks to understand 

how chemistry is related to society, the economy and the environment. This approach is 

skill-oriented with a sharp focus on education for sustainable development. 

Given the centrality of green chemistry to the chemistry curriculum, this study aims to 

investigate organic chemistry teachers’ PCK of green chemistry working in different 

disciplines in undergraduate courses. More specifically, this paper investigates the 

strategies teachers commonly use to support students’ learning of green chemistry, 

teachers’ knowledge about students’ difficulties as regards this subject, and their main 

goals with respect to learning about green chemistry in the university chemistry 

curriculum. This paper also proposes a framework for describing PCK for green chemistry, 

where PCK patterns are described according to Burmeister, Rauch & Eilks’ (2012) 

perspectives on the integration of sustainability issues into chemistry education. 
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METHODOLOGY 

To capture and document PCK, the current study analyzed the answers to a questionnaire 

with 44 items designed to gain insight into teachers’ knowledge of instructional strategies, 

curricular knowledge, context knowledge, students’ difficulties and knowledge of students’ 

understanding regarding green chemistry. The participants were five organic chemistry 

teachers from the Institute of Chemistry at the University of São Paulo who worked in 

chemistry, environmental chemistry, industrial chemistry and chemistry teacher education. 

The teachers positioned themselves according to the emphasis placed on different aspects 

of green chemistry in their disciplines, and they estimated their students’ knowledge about 

every aspect. For each answer, the following values were assigned: high = 2, medium = 1, 

and low = 0. The mean value for each category was calculated. The final value attributed to 

each teacher for each aspect varied between 0 and 2: if a teacher described all items as 

being highly relevant, the value 2 was attributed; if all items were described as having low 

relevance, the value 0 was given.  

A framework was proposed for the systematic description of PCK components in relation 

to green chemistry features, which was derived from Grossman’s PCK model, as described 

in Figure 1.  

 

Figure 1. A model of teacher knowledge (Grossman, 1990) linked to the basic models for 

the implementation of aspects related to sustainable development in chemistry instruction 

(Burmeister, Eilks & Rauch, 2012).  

 

The following PCK components of the teachers were assessed:  

Knowledge about teaching strategies describes teachers’ knowledge of general and specific 

strategies available to aid in the incorporation of green chemistry concepts into the 

chemistry curriculum and how to approach the content of green chemistry and to enhance 

students’ green attitudes;   

Curricular knowledge refers to teachers’ ideas regarding the implementation of green 

chemistry as an inherent component of the chemistry curriculum. The main aspects 
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investigated were related to teachers’ learning goals, teachers’ understanding and 

identification of the core concepts related to green chemistry and the pertinence of and 

timing for approaching these topics.  

Knowledge of students’ understanding is the term used for teachers’ knowledge about 

specific learning difficulties and their awareness of students’ prior knowledge, motivations, 

interests and needs they might encounter in the field of green chemistry. 

Aspects related to each PCK component were categorized according to the basic models of 

approaching sustainability and green chemistry issues in chemistry education as described 

by Burmeister, Rauch & Eilks (2012). Teachers’ ideas related to the teaching of green 

chemistry were classified according to the following models: Model 1 = adopting green 

chemistry principles to the practice of science education lab work (the traditional 

approach); Model 2 = adding sustainability strategies as content in chemistry education (a 

context-based approach); and Model 3 = using controversial sustainability issues as socio-

scientific issues that drive chemistry education (a socio-scientifically based approach). The 

data were analyzed using the coding scheme presented in Table 1. 

 

Table 1 

The codes associated with the knowledge of teaching strategies, curriculum knowledge and 

students’ understanding related to each curriculum model for green chemistry in university 

education.  

PCK components Subcomponents Categories for Coding 

 

Purposes for 

teaching 

Green 

Chemistry 

Knowledge of 

Instructional 

Strategies 

Specific strategies Incorporating the principles of Green 

Chemistry in experimental procedures. 

Model 1 

Adding sustainability strategies as 

content in chemistry education 

Model 2 

Discussions about new technologies: 

approach of controversial aspects 

Model 3  

Curricular 

Knowledge 

Knowledge of 

learning goals 

 

Allow students to incorporate the 

concepts of Green Chemistry in their 

professional performance. 

Model 1 

Understanding of chemistry concepts 

through relations with technological 

applications / environmental issues. 

Model 2 

Increase understanding about the 

impact and role of science in society. 

Model 3 

Emphasizing the role of chemistry in 

sustainability issues. 

Central concepts Green Chemistry instruments. Models 1 and 

2 
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General applications of Green 

Chemistry. 

Model 3 

Time for 

inclusion in the 

curriculum 

 

Experimental disciplines. Model 1 

Principles of Green Chemistry as 

specific content in the curriculum 

(stand-alone discipline). 

Model 2 

Principles of Green Chemistry 

incorporated into traditional 

disciplines across the curriculum. 

Model 3 

Knowledge of 

Students’ 

Understanding  

Learning 

Difficulties 

Difficulties in basic chemistry content. Models 1 and 

2 

 
Need to integrate concepts from 

different areas of chemistry. 

Need for multidisciplinary approaches. Model 3 

 Need to relate chemistry aspects to 

production systems to social and 

economic aspects. 

 

RESULTS AND DISCUSSION 

The models for the incorporation of green chemistry into the chemistry curriculum 

were interpreted in moments of approach, and student difficulties. The following aspects 

were analyzed terms of the components of PCK. Teachers' conceptions were analyzed 

considering the following five dimensions: specific strategies, teaching objectives, 

fundamental concepts: i) which curriculum model prevailed for each component of PCK, 

ii) the existence of relationships among the components of PCK, iii) different views for 

each different undergraduate degree program and which components are most affected; iv) 

the degree of importance assigned to each aspect of the GC approach in each modality of 

graduation. The associations between these proposals and the components of PCK are 

described below.  

Model 1 is more in line with a traditional science-teaching orientation and combines 

teaching strategies associated with content-related uses, experimental teaching practices, 

and learning goals prioritizing concepts and theories within chemistry and green chemistry. 

This model combines teaching objectives central to the concepts of green chemistry and 

basic chemistry concepts. The main concepts to be addressed are called instruments of GC, 

and they appear in the curriculum during experimental disciplines. In terms of student’s 

difficulties, this model emphasizes the need to integrate concepts from different areas of 

chemistry. 

Model 2 reflects a contextually based approach to green chemistry and combines aspects 

related to the relationship between chemistry, the product development system and the 

environment as intended learning outcomes, with teaching strategies based upon 

expository styles and case studies. This model also emphasizes the need to integrate 

concepts from different areas of chemistry. Furthermore, the teaching objectives were 

aimed at improving students’ understanding of chemistry concepts through their 

relationship with technological applications and environmental issues. In terms of 
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curriculum, such objectives can be adequately covered in a separate discipline or directed 

to the specific content of green chemistry.  

Model 3 focuses on skill- and attitude-related learning goals with a strong focus on 

education for sustainable development, with group discussions and problem-based teaching 

styles. Learning objectives are related to the development of skills and attitudes focused on 

sustainable development. The main difficulties for students in relation to this model are 

focused on the need for multidisciplinary approaches (i.e., combining chemistry with other 

disciplines, such as toxicology, biology or ecology, among others) and the need to relate 

aspects of chemistry to productive, social, or economic systems. The implementation of 

model 3 depends on the development and discussion of the principles of green chemistry 

along traditional curriculum subjects.  

Consequently, Models 1 and 2 are strongly related to aspects of content; both of them are 

mainly centered on concepts of chemistry, whereas Model 3 has a particular emphasis on 

aspects related to attitudes and values—i.e., the focus related to economic and social 

aspects acquire greater emphasis.  

These models can be integrated to implement issues of sustainable development into 

chemistry education (Figure 2). 

 

Figure 2. A schematic representation of the main features and learning goals related to the 

traditional, contextualized and socio-scientific approaches for the teaching of green 

chemistry. 

 

Although each teacher has a different structure to his or her PCK, there are some trends 

that can be observed. First, average behaviors are presented. Figure 3 shows the relative 

contribution of each model describing teachers’ orientations towards the teaching of green 

chemistry (traditional, contextualized and socio-scientific approaches) with respect to the 

following components: teaching strategies, moments in the curriculum for the green 

chemistry approach, teaching objectives (specific learning goals) and selected concepts. 
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Figure 3. The relative contribution of each model calculated for organic chemistry teachers 

for the following components: teaching strategies, moment in the curriculum for green 

chemistry approach, teaching objectives and selected concepts.  

 

An overall analysis of the participants’ answers (all PCK elements considered together, 

inserted data in Figure 4), suggesting that, as a whole, the investigated group of teachers 

demonstrate an alignment to the socio-scientific approach for the teaching of green 

chemistry, as revealed by the highest frequency in the percentage of answers for Model 3 

(38–40 % of the answers). Conceptions within Model 1, which is a traditional approach 

strongly focused on chemistry concepts, also received significant attention (34 % of the 

answers). Context-based approaches, here represented by Model 2, received less attention 

(26–28 % of the answers). 

When focusing on the total distribution of the data, very similar results are observed for all 

investigated majors when the data are analyzed considering each PCK component acting 

independently (bar graphs in Figure 4); different patterns emerge for each career, which 

reflects the significance of the context. 

Focusing initially on teaching strategies, which relate to a teacher’s knowledge of how to 

approach the content of green chemistry and to enhance students’ green attitudes, the 

investigated set of teachers gave equal emphasis to the three models for environmental and 

industrial chemistry courses. It is interesting to note that the strategies in line with Model 

3—relying on the approach of controversial issues using group discussions and problem-

based teaching styles—are more prominent for student teachers, whereas context-based 

strategies (Model 2) are relatively less valued for the chemistry degree. Concerning the 

principal objectives for incorporating the green chemistry principles in the undergraduate 

curriculum, results combine learning goals, prioritizing concepts and theories within 

chemistry and green chemistry (Model 1) with learning goals related to the enhancement of 

sustainable attitudes and to understanding the impacts and the role of science in society 

(Model 3).  

The results also showed that teachers assign greater importance to concepts related to 

green chemistry for the environmental chemistry curriculum compared to the other 

disciplines. Additionally, a stronger emphasis is suggested for concepts related to general 

applications of green chemistry (such as knowledge of what is considered to be 

sustainable, renewable, and environmentally benign, chemical safety, and hazard analysis) 

showing coherence with Model 3’s teaching strategies and learning goals. Concerning 

teachers’ opinions of the implementation of green chemistry in the curriculum, considering 

a stand-alone course or a cross-curricular implementation (occurring in both lecture and 

laboratory venues), the results show a preference for the latter option. In fact, Model’s 3 

learning goals can better be met if the principles of green chemistry are embedded in the 
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entire chemistry curriculum and not simply presented as a separate topic. In relation to 

students’ difficulties, teachers believe that students have little difficulty with chemistry 

concepts and that the major obstacle for learning green chemistry lies in its intrinsic 

multidisciplinary nature and the need for incorporating chemistry with other areas of 

science and with perspectives from the economy and other social issues, requiring 

knowledge from students that goes beyond classical chemistry. 

 

Figure 4. Relative contributions of each model were calculated in relation to the 

components of teaching strategies, learning objectives, main concepts, time for inclusion in 

the curriculum and students' difficulties for all teachers for each undergraduate degree
1
. 

The inserted data show the relative contributions of each model calculated considering the 

complete set of answers. 

 

CONCLUSIONS 

This study aimed to document the PCK for green chemistry of university organic 

chemistry teachers who worked in different undergraduate courses. A framework to 

analyze PCK of green chemistry was developed and applied to university chemistry 

teachers. Teachers’ purposes for the teaching of green chemistry were classified within the 

general approaches suggested by Burmeister, Rauch & Eilks (2012). The results suggest 

that the investigated teachers showed a preference for a socio-scientific approach, focusing 

                                                           
1 The y-axis refers to how much the specific aspect is valued by teachers, measured on a scale of 0 to 2 (0 means less 

important; 2 means very important). 
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on skill and attitude-related learning goals with a strong emphasis on education for 

sustainable development. 

Finally, it is important to note that PCK actually refers to the integration between its 

different components, and the quality of PCK depends on the synergistic combination of 

these components. With respect to this clarification, the results showed a coherent 

combination among teaching strategies, learning goals and curricular knowledge, 

suggesting that teachers employ PCK components in an integrated fashion. This synergistic 

articulation of major PCK components suggests a well-developed PCK for the group of 

teachers who were investigated. 
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Abstract: This article is about the physics teacher and physics teaching in the upper 
secondary school. In Swedish upper secondary school the physics courses mainly are 
found within the natural science program. Almost 15 % of all students in upper secondary 
school choose that program. The students have mainly highly educated parents and focus 
on getting high grades, prepare for higher education, and not necessarily in science and 
technology. They want an efficient education that seems to be “traditional”. This study 
focuses especially on energy education including contexts in society and sustainable 
development, aims highlighted in the physics curriculum. Earlier research shows that the 
physics teaching focus on concept understanding and calculation skills. Such physics 
teaching seems to be reproduced and in this study I search for explanations within the 
teachers’ views and strategies. A questionnaire was sent to all physics teachers teaching a 
specific physics course and the analysis was made with Pierre Bourdieu`s concept capital.  
The aim is to describe what the characteristics of the physics teacher and how the energy 
teaching arises. Another aim is to understand the practice of school physics and a social 
reproduction within the school system. The article highlights how the teaching is related to 
the teachers’ social background and lifestyle. The typical physics teacher stresses the 
essentials of general physics knowledge and learning when physics is contextualized, but 
does not teach the students in that way. His background makes him a modest, well-
educated man highly valuing natural science. The study has resulted in an analysis of how 
the "typical" physics teacher in some parts may appear and of how energy education 
emerges in upper secondary school physics. The analysis points out that symbolic capital 
effectively conflates students' aims and the teachers’ teaching and therefor a reproduction 
of traditional teaching is predicted. 
 
Keywords: Physics teacher, symbolic capital, physics teaching 
 

INTRODUCTION 
This paper presents a study about the physics teacher in the natural science program in 
Sweden and what characterizes the teachers’ social background, lifestyle, taste and 
teaching. Thus the article discusses how the social reproduction of physics education in 
upper secondary school in Sweden can be understood.  

The study is limited to comprise energy teaching. Such teaching is supposed to include 
sustainable energy use that makes it possible to relate physics knowledge to more society-
oriented contexts. This is an aim within both the earlier and the new physics curriculum 
(Lgy11). 

Physics teaching should according to the curriculum give general knowledge and skills 
within three areas: concept understanding, skills and knowledge within the science inquiry 
process, competences that enable relating physics knowledge to broader contexts where 
sustainable development aspects are highlighted. 
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Empirical data has been collected through a web-based survey sent to all teachers in 
Sweden teaching one specific course, physics A, during year 2008-2009. Data were then 
analysed with the notion capital of Pierre Bourdieu (Bourdieu, 1996). Thereby the article 
want to emphasise what characterises physics teachers and how teaching strategies could 
be incorporated with social background and life style. The cultural and social capital of the 
teacher could then be related to symbolic capital within the school physics. According to 
Bourdieu a person relates to a practice with embodied capitals, therefore a person’s 
lifestyle and social background etc. can explain choices and strategies within the 
professional role. Thereby likewise a social reproduction could be explained (Bourdieu & 
Passeron, 2008). Such reproduction seems to be establishing within the school system and 
lead to maintained structures. According to Bourdieu and Passeron the reproduction is 
enabled through students and teachers adaptions to “the current”, what is possible to do or 
not. Within school physics, with teachers and students specific experiences, certain 
knowledge and a particular way of look upon schoolwork are highly valued. 

This paper will contribute to knowledge about upper secondary physics through focusing 
on actors within the practice. The result analysis goes beyond teachers’ statements and 
expressed teaching strategies. Analysing teachers’ life styles, interests, and social 
background in relation to their teaching gives a basis for better understanding. 

In the background below the practice of school physics is described, its characterising 
statements about teaching and intentions. Bourdieu’s notion capital is used as a tool for the 
analysis. According to Bourdieu (1984) explanations to individuals acting and positioning 
within a specific practice, as well as explanations of a reproduction, could be found within 
their statements, social background and life styles.  

 
BACKGROUND 

The physics subject is taught mostly within the high status natural science program where 
it has become a subject with huge prestige (Bertilsson, 2007). At the natural science 
program with almost 15 % of all upper secondary students in Sweden, the children of well-
educated parents are studying and therefore they possess a great educational capital 
(Broady et al, 2009; Lidegran, 2009). The physics teacher with 4 – 5 years of university 
education has for that reason also a great amount of educational capital. Students at the 
program takes physics and other natural science courses but they often have other plans for 
higher studies such as law, psychology, economics etc. but also medicine and pharmacy. 
They are characterised by being ambitious students with focus on efficient education, they 
are not necessarily interested in physics and mathematics but in their view “traditional” 
physics teaching seem to be efficient (Lidegran, 2009). Lindahl (2003) describes how these 
students even accept a “boring” physics education because they have focus on higher 
education and only needs a grade.  

Physics teachers at the natural science program seem to be a rather homogeneous group 
with almost the same opinions about how physics should be thought but also similar views 
on knowledge, assessment etc. (Beach, 1999). Earlier research shows a physics teaching 
focusing on scientific conceptual understanding, calculation skill etc. and explains it with 
the teacher´s own deep interest in and high valuing of physics as an academic science 
(Mullhall & Gunstone, 2008), a view formed during the teacher's own education in physics 
(Brickhouse, 1989; Gunstone & White, 1998). But research also explains the traditional 
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teaching focus within the meeting with the students and their views about how physics 
teaching should be carried out. Students themselves in their early school years have created 
beliefs about physics teaching, usually based on traditional teaching. This is limiting the 
teacher's possibility to change teaching methods and to choose alternative subject content 
(Gunstone & White, 1998).  

At the same time Roth et al. (1999) but also Jidesjö (2012) show that physics teachers are 
living in their "world" in terms of physics education while students look upon physics with 
a different "world view". The traditional physics teaching has focused on conceptual 
precision and the inquiry process, and not so much on interdisciplinary evaluative content 
with an aim to develop physics knowledge for citizenship (Paulsen, 2006). For example the 
inquiry process is often taught as a purely linear procedure from a hypothesis to a result 
without argumentation and discussion (Davis et al, 2006), even if curriculum and research 
highlight critical thinking, debates, argumentations etc. within the inquiry based teaching 
(Linn et al, 2004) and also the involvement of students own questions and discussions 
(Leach & Scott, 2002). Roberts (2007) highlights the importance of how physics education 
ought to pay attention to situations in which science has a meaning. It is impossible to 
separate the scientific knowledge from the considerations and skills required for scientific 
applications and implications (Zeidler & Nichols, 2009).  

Within especially energy teaching it would be appropriate to involve ethical and 
environmental aspects. Hobson (2007) expresses different examples of “physics teaching 
for sustainable development”. Space (2007) emphases how essential it is that students 
discuss both physics processes and political/moral statements. Campell (2003) argues how 
important the physics teacher and school physics are for developing energy knowledge for 
citizenship. Bogataj (2010) pays attention to the climate issue but as well highlights that it 
requires a teacher approach such as a “climate literate” person. In upper secondary school 
in Sweden, within the natural science program, the physics teaching compared with the 
biology teaching, lacks for relations to environmental issues (Gyberg, 2003; Engström, 
2011).   

The physics teacher is expected to relate the teaching to both values in physics science and 
political values stated in curriculum, for example more of social scientific issues (SSI) and 
sustainable development (SD). There are teachers who teach energy and physics in 
alternative ways with for example more of sustainable development (Engström, 2011). But 
the “traditional” physics teaching seems to be reproduced even if other thoughts have 
influenced the curriculum. School physics seems to be surrounded by very strong 
"socialization forces" (Cross & Ormiston-Smith, 1996) and strongly influenced by 
academic physics science (Aikenhead, 1996). Physics teachers seem to be unconvinced 
with teaching in alternative ways, leaving the traditional way (Kortland, 2002). Solomon 
(1996) means that school physics via teachers often is signalled as a typical strong, 
rigorous “culture” and for example physics textbooks seem to have great impact on that 
view (Krogh & Thomsen, 2005). The students have their expectations on school physics 
and the teachers meet them with their views on physics and teaching. Studies show that 
students and teachers seem to be consistent and as a result create a symbolic capital 
together (Lidegran, 2009). Thereby specific structures within the physics education tend to 
be reproduced.  

By using the theory of Bourdieu (1996) and the concept capital, the study aims to find out 
who the physics teacher seems to be in relation to the symbolic capital (what is “current”, 
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“the right way to do it”) within the school physics. Capital means at this point different 
recourses and experiences (social, educational, economic etc.) in a person’s life. When 
using the theory of Bourdieu one tries to find the symbolic capital within in a social 
practice and one tries to describe which capitals, attitudes and views that make you fit in. 
Both in the relationship between individuals in a social practice, such as school physics, 
and in relation to the overall power structure in society various capitals develops its value 
(Bourdieu, 2004).  

Based on the background and theoretical frame described above, the study tries to find the 
high valued characteristics and attitudes that make you fit in as a teacher within school 
physics in upper secondary school in Sweden. On the one hand, how, what and why the 
teacher teaches with focus on energy within physics (based on Engström et al, 2011) on the 
other hand how the teacher lives: social background, lifestyles, interests, taste. All that 
aspects give basis to an analysis about what seems to be emerging as “typical” and high 
valued, symbolic capitals (Bourdieu, 1984).  

The research questions addressed in this article are:  

What characterizes the typical physics teacher?  

How (and what) does the physics teacher teach about energy in physics?  

How can the social reproduction of physics education be understood? 

 
METHODS 
A web-based questionnaire based on Bourdieu 1984, The Distinction, with 700 items was 
sent out to all physics teachers in Sweden (800 – 900, difficult to surely know how many). 
The questionnaire was also based on studies about energy education in upper secondary 
school and was shaped with a mix of open-ended questions and statements that could be 
answered with choice of options. The questions about energy were partly formulated with 
a background in a study of subject content for physics teaching about sustainable energy 
(Engström et al., 2011). The questions about social background, interest and taste, were 
designed inspired by Bourdieu (1984) but also by other studies for example Calander et al, 
(2003).  The aim was to investigate both the teachers capitals but also explicit what, how 
and why they teach energy in physics.  

268 teachers did answer the questionnaire after three reminders. 446 individuals did not 
open the questionnaire and 222 did open it without submitting. That could be explained 
with the large amount of statements but likewise the personal natural of the questions.  The 
time period (April – May, with a lot of grading work in Swedish schools) also gives 
reasons for a low answer frequency. But how the answers seem to be spread over variables 
such as gender, age, residence, school form, year of teaching etc. indicate a good variety 
that gives a general empirical material.  

The typical characteristics are based in answers where more than 65 – 70 % (often over 90 
%) has the same answer. The picture based on the physics teacher shows a very 
homogenous group. A description is made of characteristics and attitudes presented as "the 
typical physics teacher" that includes a relation to high valued symbolic capitals within the 
school physics also including positions within physics science, science education and 
politics of education as well related to theories of social reproduction in education. The 
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picture of a typical physics teacher may as a result be constructed and compared with 
typical characteristics of other groups (Bihagen, 2000) and the grounds for social 
reproduction (Bourdieu & Passeron, 2008) in previous sociological research but also with 
honoured values in physics science. I thereby construct a description of individuals’ 
different capital and in that description relate them to symbolic capital with influence by 
other statements and views in different power structures such as the political field and the 
physics science field. I then analyse the relationship between what is considered valuable 
and the symbolic resources (capital) that can be found in the “typical” physics teacher. 

 
RESULTS 
As a first step within the analyses a description of the “typical” physics teacher emerge 
directly from the answers, for example: 

He grew up with his biological parents and biological siblings. The siblings also 
have higher education. His mother worked in the public sector and was not self-
employed, neither were the father. The physics teacher lives nowadays in a family 
and his partner has higher education or postgraduate education./…/ He dresses in 
jeans and sandals and likes comfortable clothing. The furniture is bought at IKEA 
and a desire is that the home should be comfortable, clean and tidy as well as 
practical and functional. He doesn´t wants his home bohemian, trendy, or simple. 
He has a car, one or more, often of a slightly older model. The holiday is spent 
never or rarely outside of Europe, /…/ The Physics teacher reads a local 
newspaper and is interested in domestic news. Daily or every week he looks at SVT 
1, SVT2 and TV4, and then sees news programs, cultural programs and sports. 
Mostly he likes news, facts, and culture and science programs. He never sees soap 
operas. /…/He never visits modern theatre, jazz, rock music, not a concert of 
classical music. He never hunts, never plays bingo/…/ He doesn't read poetry. He 
neither plays golf nor takes care of pets.  

Then as a second step, a summed up description is presented with relations to results 
shown in other research both sociological studies based on Bourdieu and studies in science 
education etc. Example on summing up in analysis (related to sociological studies where 
life style descriptions has been understood, for example Bihagen, 2000; Broady, 1998; 
Karlsson, 2005): 

The Physics teacher has probably grown up in a protected and stable family 
environment where, among other things, schooling has been high valued. /../The 
life is characterized by a practical, safe and comfortable living, not luxury living, 
or extravagance, carelessness, waste and risk-taking. The economic capital (high 
wages, material things, etc.) does not seem to be important for the physics teacher. 
Experiences of the exciting and unusual cultural activities are probably not a 
priority. The Physics teacher seems to like to learn more in general while he 
probably requires knowledge in physics and other natural science in particular. It 
seems to be important to have knowledge about cultural and social issues, reading 
about such matters. There seems not to be important to exercise cultural or 
recreational activities. He values capital in the form of cultural and community 
involvement highly. But not cultural experiences, more knowledge about the 
culture, etc. /…/ The physics teacher does not seem to like a "creative" and active 
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life, probably a more discreet and gently living without luxury and material 
things…/../ 

As a third step it is possible to make the final description – the picture of the teacher and 
the symbolic capitals. The result comprises this summing up description where the typical 
physics teacher and the symbolic capitals within school physics emerge: 

We find a modest, moderate, well-educated man who value science and higher education 
highly with a genuine interest in specifically physics science. The picture is complicated 
by contradictions; about the content of teaching, where he points out how important 
physics contextualization is but he does not appear to teach it, about the relation to high 
culture and society engagement, where he probably value general insights highly, but not 
necessarily to make it in practice.  

He refrains from teaching content with opportunities to provide insights on sustainable 
development in the physics topic or a content that is considered to provide knowledge for 
the discussion of energy issues in society. He does not let students use concepts in 
contexts. He focuses on mathematic skills, with an attitude that the natural sciences field is 
characterized by being highly mathematical. 

Here above, as a contribution to a description of the school physics, a presentation is given 
of how teachers that answering the survey chooses to teach and what kind of methods they 
use. The survey highlights a focus on basic concepts and on the inquiry process skills, 
areas also emphased within the curriculum. All of the 268 teachers who responded to the 
survey seem to teach about basic physics concepts. Almost 30 % says that they refrain 
from teaching environmentally- or efficiency problems or strategies in relation to 
sustainable energy. More or less 70 % of the teachers seem to refrain from teaching about 
energy transformations in society, 20 % from teaching about future technology or about 
energy transformation in nature. Most of them also refrain from objectives with relation to 
environmental issues, politics and ethics. 91 % of the teachers answer that the 
understanding for basic physics energy concepts are the most important teaching objectives 
within the actual physics course but 75 % answers that it also is important that the students 
develop a broader view. Only 22 % of the teachers answer that they let the students relate 
physics knowledge within broader contexts, for example relating greenhouse effect to 
climate change. 16 % of the teachers answers that they let students value different energy 
solutions by their own. The answers in general emphases that it is unusual that students 
will work thematically or that sustainable development will steer the teaching content. As 
well it seems unusual that the students get the possibility to decide themes, projects or 
objectives by themselves. The teachers emphases how they let students work in groups, but 
not with actual issues. 

 
DISCUSSION AND CONCLUSION 
The physics teacher seems to stress a duality and ambivalence when managing energy 
within the physics objectives. On one hand the teacher knows that the course will include 
relations to broader contexts with for example relations to sustainable development and 
ethical aspects. On the other hand the teacher seems to think that insight in and 
understandings about basic concepts are good enough and quite interesting in itself. The 
latter would be seen as a high valued statement within the school physics and with great 
extend hold by the teachers. Such values seem to be formed through the teachers own 
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higher academic studies in physics (also in Gunstone & White, 1998; Brickhouse, 1989) 
but also through the regular use of textbooks in physics (Krog & Thomsen, 2005).  

Most of the 268 teachers who responded to the survey seem to refrain from teaching the 
content with opportunities to provide insights on sustainable development in physics topic 
or a subject matter that is also considered to provide knowledge for the discussion of 
energy issues in society (Engström et al., 2011; Browne & Laws, 2003). The teachers do 
not let students use concepts in contexts. The results are similar with findings in earlier 
research (Paulsen, 2006; Davis et al., 2006). The teachers within the survey seem to focus 
on mathematic skills (also found in de Souza Barros & Elia, 1998), an attitude derived 
from the natural sciences field that is characterized by being highly mathematical (Lyons, 
2004).  It could be perceived that the teachers that answered the questionnaire seem to be 
carriers of a physics teaching built on high valued common structures likewise found in 
earlier research (Cross & Ormiston–Smith, 1996) often called ”the science discourse” 
(Gyberg, 2003), described as a sub culture (Aikenhead, 1996) but also occurring as 
organizational structures high valued by students in the natural science program (Lidegran, 
2009). 

In school physics the physics teacher can get the benefit from recognition by its symbolic 
capital. The physics teacher, marked by his background, has possibly developed a 
reverence for education (explained by Muel-Dreyfus, 1987). Within the education system, 
in especially physics education, a specific high educational capital grows and benefits by 
students and their social background (Lidegran, 2009). Physics teachers views of their own 
education, their own ideals related to the physics subject coincide well with the symbolic 
capital that is recognized within the school physics, primarily in the natural science 
program. Why a reproduction of teaching strategies is to be expected. 

The study describes the physics teacher’s positions and it points to the patterns that explain 
the reproduction of physics teacher’s teaching. From the result arises a “current way” to 
teach and to behave etc. within school physics. The teacher gets benefit from recognition 
of the symbolic capital. The teacher's background, life style, taste etc. “fits in” together 
with the teacher's choice of teaching content. This picture, this description, will then be 
understood in relation to what we know about the students and their attitudes and their 
statements grounded in experiences. Thereby the study describes the physics teacher's 
positions and points to the patterns that explain the reproduction of teaching strategies. 

The study describes views held by physics teachers but do not explain why the teacher 
values and lives as he does and why he seems to capture such an ambivalent approach 
towards the physics subject and its content. The study points out patterns that explains a 
reproduction of the teaching but do not explain why the teacher does not seem to want to 
challenge the order of the school physics. 

Therefore it is important to go on and try to explain why the resources that many physics 
teachers seem to own so clearly generate these views and statements that appears within 
school physics. Even if the response frequency is quite low, the study includes a 
considerable amount of physics teachers that has emerged as a homogeneous group with 
similar statements.  

Even if the study has its limitations it shows a new way to investigate educational 
conditions, by including the background and behaviour of the teachers and relate it to 
teaching strategies and choice of subject content. 
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The study may as well give contributions to teacher training by stressing the need for self-
reflection. The study points out certain views and characteristics that seem to dominate the 
group of physics teachers, and points out a dominant teaching that relies on different value-
systems (within politics of education and physics science). But the study also points out 
what emerges within the meeting between teachers and the students and their educational 
and social capitals. The outcome shows an ambivalence concerning what value-system a 
teacher should lean on. By highlighting this, it could open up to an understanding of 
barriers and to promoting opportunities for various changes in physics education.  
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Abstract: This paper reports a study of teachers' perspectives on inquiry-oriented 

approaches and how they conceptualize it. Five teachers from an international school 

were interviewed. They were asked to describe how they interpret inquiry-based 

teaching, and to give examples of their own teaching practice in line with inquiry-

oriented teaching. The results from the inductive analysis show that teachers considered 

student autonomy as the most prominent in their perception of inquiry-based approaches 

to science teaching, but their example revealed that they consider content knowledge 

from curriculum, and how this connects to the real world as equally important as student 

autonomy. 

 

Keywords: teachers views, inquiry-based teaching, student autonomy 

 

BACKGROUND 

Inquiry-based learning is seen as a way forward in science education worldwide (see e.g. 

Rocard, et al., 2007). A reversal of school science-teaching pedagogy from mainly 

deductive to inquiry-based methods may increase children’s and students’ interest and 

attainment levels while at the same time stimulating teacher motivation. Many studies 

conducted on middle and high school students have concluded that inquiry-based science 

activities have positive effects on students’ achievement in science in terms of cognitive 

development; laboratory skills, science process skills, and understanding of science 

knowledge as a whole (Gibson & Chase, 2002).  

Inquiry Based Learning (IBL) is seen as a student centered pedagogy, which is different 

from the memorizing facts of traditional approach. In inquiry-based learning, students 

explore and build new knowledge based on their previous knowledge with the support of 

teachers, technology and peers. An inquiry can have broad and narrow conceptions, 

depending on the teacher’s personal beliefs and goals. In the US, the National Research 

Council describes an inquiry as a multifaceted activity that involves making observations; 

posing questions; examining books and other sources of information to see what is 

already known; planning investigations; reviewing what is already known in light of 

experimental evidence; using tools to gather, analyze, and interpret data; proposing 

answers, explanations, and predictions; and communicating the results (National 

Research Council, 1996, p 23). Linn, Davis and Bell, (2004) define inquiry as “the 

intentional process of diagnosing problems, critiquing experiments, and distinguishing 

alternatives, planning investigations, researching conjectures, searching for information, 

constructing models, debating with peers and forming coherent arguments”. These 

descriptions show that inquiry-based teaching and learning is open to a diversity of 
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interpretations. In schools, it will depend on the teacher’s personal beliefs and goals, as 

the teachers’ views of learning and teaching will shape their interpretations of curricular 

and instructional approaches (Crawford, 2007). It is therefore important to take teachers’ 

views into account for enhancing opportunities to adopt reforms and to bring them into 

the classroom. Additionally, there are many mediating factors that serve to influence a 

teacher’s ability to play out his or her beliefs in practice. Thus, it is important to try to 

understand a teacher’s beliefs, and in what ways beliefs are enacted in actual teaching 

practice (Bryan, 2003). As noted by Keys and Bryan (2001), we have little knowledge of 

teachers’ views about the goals and purposes of inquiry. The aim of the present study was 

therefore to explore teachers' views on inquiry-based approaches to science teaching and 

to understand how these views are realized in concrete teaching practice. 

 

RESEARCH QUESTIONS 

1) What are the teachers’ personal views on the content and aims of inquiry-based 

science teaching? 

2) How do these views relate to what they consider to be inquiry-oriented approaches 

from their own teaching practice?  

 

THE CASE 

The study is undertaken as a case study of five teachers working at a Trondheim 

International School (THIS) in Norway. The school is an International Baccalaureate (IB) 

School where inquiry-based teaching approaches form part of the school policy. All 

teachers were therefore familiar with inquiry-based approaches. The teachers were of 

different nationalities and had their training in science as well as teacher training from 

various countries. All the five teachers have either bachelor of education or master in 

education and two of them have a background in science. Their teaching experience in 

science ranged from 11 to 30 years.  

 

RESEARCH METHODS 

Data were collected during the academic year 2011-2012 from the Primary Years 

Program (PYP, age 6-11 years) and Middle Years Program (MYP, age 12-15 years) at the 

International School. The PYP teachers teach science as the integrated subject together 

with other subjects. Data were gathered by means of audio recorded semi-structured 

interviews. In the interviews, teachers were asked to describe their personal conception of 

inquiry-based teaching, and then to give an example from their own teaching practice that 

they believed constituted inquiry-oriented teaching.  The questions were open-ended in 

order to allow for the teachers to contribute with as much detailed information as 

possible, and provide for the researcher to ask probing questions as a means of follow-up. 

The sequences of the questions were usually dependent on the flow of conversation. 

Predefined questions in the interview guide included questions on the teacher’s view on 

inquiry-based teaching approaches in general, and on a concrete lesson from their 

practice they considered to be a concrete example of inquiry-based teaching. For this 
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example, teachers were asked to describe what the goals were how students responded, 

what they learnt and what their challenges were. The teacher’s experiences with 

professional development and constraints in performing inquiry-based teaching and how 

they could be overcome were also addressed in the interview. 

Interviews were fully transcribed for analysis. To organize and manage the data the 

software ATLAS.ti Version 4.2 was used. Codes were developed by studying the 

transcripts repeatedly and considering possible meanings and how these fitted with 

developing themes across the individual teachers. Summaries of each code were 

constructed and then compared and refined across the informants. 

 

RESULTS 

In the interview the teachers were asked about their personal views on inquiry-based 

learning. In the teachers’ responses, we were looking for their understanding of inquiry-

based approaches and the issues they considered most important. The study revealed that 

each teacher applaud inquiry and consider it very important which is explicated from 

their comments such as “I love it”, “it’s a natural way to learn” and “it suits my 

philosophy”. Analysis of data on the teachers’ views on inquiry resulted in five broad 

themes. All the themes were represented in how several teachers described their view on 

inquiry-based teaching. The themes are presented below, exemplified by one quotation 

for each theme. 

Motivation 

Teachers see inquiry-based approaches as motivating for the students and a way to get 

them involved in science. 

Camilla: “I think it’s very good, especially for the students who have low motivation. It’s 

a way to get them involved, take some ownership, and really go in a direction which is 

interesting for them.” 

Making Connections 

Teachers see inquiry-based learning as a way of connecting elements of knowledge in 

holistic and meaningful ways.  

Valentine: “I think it’s a natural way to learn, you learn when you like, and you intensely 

make other connection to thing in your brain. Inquiry is based on people pursuing in a 

way that you make more connections, synaptic connections.” 

Developing a questioning mind 

Teachers see inquiry-based learning as a way of developing students’ curiosity and will 

to learn. 

Jane: “It is extremely important to keep the questioning mind of a toddler still when you 

are a teenager”. 
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Students' freedom 

Teachers emphasize students’ freedom in teaching activities, and see inquiry-based 

teaching approaches as a way of transferring control from the teacher to the students. 

Rachel: “In an inquiry class, students are given freedom to make decisions and the 

teachers trust the students.” 

Student ownership 

Teachers see the openness of inquiry as a way of developing students’ responsibility and 

to give them ownership to their results. 

Sandy: “Children grow and take responsibility for their learning. I see them excited 

about something that they come up with, connecting it to the world and sharing their new 

knowledge and their discoveries. It is really valuable”. 

Summed up we can conclude that teachers value inquiry-based teaching as it is good for 

low motivated students, it gets students involved, let them explore according to their 

interest and make connections. It also develops students’ questioning mind, freedom to 

make decisions and their ownership of learning. This indicates that teachers value 

inquiry-based teaching as very student-centered teaching where student autonomy is 

considered the most important.  

This could signal that teachers pay less attention to students’ subject learning in the 

inquiry-based activities. However, when we analyzed the example described by teachers 

of their own teaching practice it is found that they do consider many other aims when 

undertaking an inquiry lesson. Teachers’ often refer to the “Unit of inquiry” and the 

“central idea”.  The unit of inquiry is the topic given in the curriculum and the central 

idea is the focus of the unit.  

In the following, we present three examples of teachers’ descriptions of their concrete 

approach to inquiry in their teaching. 

 Camilla’s example: Inventors 

Camilla is a PYP teacher describes the inquiry example as following. 

Unit of inquiry: Inventor  

Central idea: Technology has changed the world of work and leisure. 

 

Camilla’s starting task was to let students draw a simple sketch of what they think an 

inventor looks like, and then what kind of person do you have to be, to be an inventor.  

She explains: “I wanted to see what they believe an inventor is and do they think they 

could be inventors. We also had really exploring the central idea, that’s very important to 

do in the beginning. We did Venn diagrams: What technology has changed the work, 

what technology has changed leisure? And which ones will go in the middle for both. We 

had an inventor came in talk about how he got started as a child at the age of nine, that’s 

the student’s age. This also gives another prospective of what’s like to be an inventor. He 

was teaching them the process of inventing, or his process and teaching them there is not 

only one way. And from that they were asked to research a simple invention that has 

change the world of work or leisure or both. And they were going to investigate and 
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gather research and make a PowerPoint presentation.” 

Camilla shows how she develops the inquiry from students’ prior knowledge, to 

connecting to the real world, to applying knowledge and gets to new knowledge as the 

process of inquiry to achieve the final product of the inquiry the curriculum.  

Jane’s example: Diseases 

Jane is the PYP teacher her Inquiry is as follows.  

Unit of inquiry: Diseases. 

Central idea: Although people have discovered many ways of preventing and coping with 

diseases, the pursuit of preventing, curing and supporting people with various illnesses 

continues through the work of organizations.  

Jane explains: “We at the moment doing a unit of inquiry around diseases, and the illness 

and suffering that occur from it. As part of science we are looking at tests and procedure 

to check whether you have that disease. This links it to the real world; it links it our unit 

of inquiry and gives us some science-based experiment in the science lab. Today I am 

going to talk about chromatography. It’s something which is used a lot in outside world 

from the genetics all the way down to the urinary test. I provide kids with information 

through a video which shows how the test is done so that they see what is happening. We 

use their background knowledge of acid and bases and how different chemicals would 

have different shades within the color, pulls it together and we go down to the lab where 

we do a simple experiment with the mark pens so that they can physically see and work 

out what it is. I give them the basic information first and I tell them what they are doing 

ok. From that we brainstorm, think, care, and share and do Venn diagram of different 

things so that we can work out the range of knowledge within the class. From there we do 

inquiry into treatments. Then they go off, they find the treatment themselves, they came 

back and told me all sorts of different treatment. They use researching skills on the 

internet, they use their parents for knowledge and they use firsthand experience. But 

when you have to take it down to the science lab you have sort of, I feel you have to 

funnel it back down to something small. So they can physically do it. But then they make 

the connections back out from the funnel so it’s like a little tree.” 

Jane’s example had the same phrases of prior knowledge, connecting to the real world, 

exploring and applying to get new knowledge. She let the students wonder and help them 

develop their conceptions.  When it comes to hands-on activity, she helps them to linking 

it to some simpler things which are physically possible in the lab, and that aims at 

achieving the content knowledge.  

Valentine’s example: Chemical Reactions 

Valentine is the MYP teacher she gave an example as follows. 

Unit of inquiry: Chemical Reaction. 

Central idea/unit question: What would the world be like without chemical reaction? 

 

Valentine explains: “The inquiry that I had was investigation. I had them look into 

chemical reactions. They had to name chemical reactions; they had to find out about - 

where it occurs, what the name of it is, what the starting product is and what the end 

product is after the reaction. They have to explore why it happens and where it happens. 
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What is the chemical reaction for, do humans use this chemical reaction for any specific 

reason and then also explore what would the world be like without it. So there are lots 

and lots of question just based on chemical reactions and the idea as in this example is it 

they see chemical reaction in science connection to a world which was the main thing. 

Then how they communicate this, during the process I was available with resources and 

with my knowledge. It wasn’t necessary assessing knowledge. I was assessing how they 

could find things so it’s a very open question or open idea with lots of questions attached 

to it.  They could explore different ways and they needn’t have to answer all questions. It 

was open enough for them to explore things in their own pace and for their interest. So it 

is inquiry because they had to present something in their interest range, and then what I 

was looking at was the links they make.” 

Valentine let the student explore according to their interest, she stresses that students can 

make different links to the topic depending on the interest and keep them motivated for 

the learning. She comments that in science you need to see how science connects to our 

world and then how you communicate it. They don’t have to memorize content; they 

need to know how to apply the content literary or with literacy.  

 

DISCUSSION AND CONCLUSION 

The results indicate that teachers hold a broad view of what inquiry-based teaching in 

science means. Their overall conceptions can be described as very student-centered, 

where subject matter content appears as less important. They value students’ motivation, 

autonomy and development of curiosity and a questioning mind.  

However, the teachers’ examples of their own approaches to inquiry in the classroom 

gave a different direction to the results, and the subject matter to be taught is here more in 

focus. Their examples of inquiry practice are generally grounded in the curriculum. They 

talk about the central scientific idea of the unit they teach. From the examples they give, 

it is evident that the teacher plans the lesson based on the need of curriculum and to 

achieve the central idea. All the teachers also consider other things like real world 

connection, students’ prior knowledge, and how to explore new knowledge. They also 

hold much broader views of inquiry than merely planning and doing experiments. 

If the teachers were not asked to describe the example, the findings would have shown 

that teacher care only about student motivation and autonomy and not about the scientific 

learning as prescribed by the curriculum. This means that care should be taken in order to 

not misinterpret results from teacher interviews. 
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Abstract: The goal of the research is to establish the relationship of teachers' 

perception of students' knowledge according to performance evaluation and real 

students' achievements, and to what extent the teachers' opinions are balanced when 

evaluating the importance of the used questions for biology. 65 teachers evaluated 

students' performance and used questions, from 5 to 9 evaluators for each tested 

primary and high school class. Agreement among the evaluators was tested by Fleiss 

Kappa coefficients. Students' knowledge acquisition was tested on-line by using 

Ampyx system, on the total number of 8691 students from 41 primary and 36 high 

schools. The results show that there is no agreement among the evaluators regarding 

the performance evaluation (К from 0.07 to 0.19), whereas the agreement regarding 

the importance of questions is very low or there is no agreement at all (К from 0.15 to 

0.38). It is also noted that the teachers tend to expect better students' results for those 

questions they themselves consider more important. The discrepancy between the 

teachers’ evaluation of students’ knowledge and students’ real performance points to 

unreal teachers’ expectations and shows that the teachers are not aware of the problem 

the students encounter when learning and understanding the contents, and shows their 

belief that the students pay as much attention to certain tasks as much as it is given to 

them by the teachers during classes. Very low agreement of the teachers on the 

importance of certain questions in biology points to the problem of non-existence of 

teaching standards that will enable harmonisation of teachers’ work, and consequently 

teaching results.  

Keywords: biological concepts, teachers' expectations, knowledge perception, 

students' achievements 

 

BACKGROUND AND FRAMEWORK 

In teaching, teachers often start from the wrong idea that students are tabulae rasae 

without  preconceptions (Taner and Aleen, 2005, Posner et al., 1982) although even 

Piaget (according to Osborne et al., 1983) in his work pointed out that every teaching 

must be based on already acquired knowledge, because even small children have their 

own view of the world, their own experiences and preconceptions that have been 

gained in their lives so far, which enable them to understand the world. In addition to 

extra-curricular experiences that affect the formation of students’ preconceptions 

before coming to school, preconceptions may be formed at school, influenced by 

teachers or textbooks (Taner and Aleen, 2005). Alternative concepts that are not 

mutually harmonised often appear, so that one concept is used in school and the other 
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in the "real world" (Trowbridge and Mintzes, 1985). Despite of the opinion of many 

authors (Tanner and Allen, 2005; Driver and Easley, 1978; Morrison and Lederman, 

2003) that teaching should be based on what a student already knows, research shows 

that most students come to class with a series of preconceptions that limit or hinder 

the understanding of new concepts in teaching (Duit and Treagust, 2003). The quality 

of students' knowledge as well as their previous knowledge is often not in line with 

the teacher's expectations. Students often learn a lot, and learning outcomes are poor 

(Lujan and DiCarlo, 2006). Teachers, not having enough time, do not check what their 

students really know and to what depth, and more importantly, they do not know what 

misconceptions their students have, which can significantly affect their learning (Duit 

and Treagust, 2003). Also, teachers often, at all levels of education, think that the 

students know and understand everything they learned according to the programme 

(Bleeth, 1998) and therefore the teachers' expectations do not correspond to the actual 

knowledge of students. 

When the students enter the educational process their concepts about various 

phenomena undergo, or at least they should undergo restructuring that leads from 

common sense ideas (preconceptions) to scientific conceptions, i.e. a conceptual 

change (Carey, 1985; Strike and Posner, 1982). It does not happen spontaneously and 

it is not enough just to expose students to new concepts to avoid it because students 

have strong and highly resistant misconceptions within which it is necessary to 

accommodate new scientific concepts (Caramazza et al., 1981; McCloskey, 1983). 

When the student is asked to explain the answer that was chosen for a question it is 

not unusual that, despite the correctly selected answer, the existence of misconception 

is determined (Ausubel, 2000). Research shows that preconceptions that students 

bring to classes significantly affect the adoption of new concepts (Driver and Oldham, 

1986, Mintzes et al., 1991, Smith et al., 1993a; Wandersee et al., 1994). There is often 

a conflict between the existing and the new idea and the conflict must be resolved in 

order to adopt a new concept (DiSessa, 2002). Posner et al (1982) in their theory of 

conceptual change emphasise the importance of resolving this conflict as a crucial 

element for understanding. Therefore, it is important to determine students' 

preconceptions, identify possible misconception that might interfere with learning and 

lead to confusion, and then provide opportunities to connect the old and new ideas 

(Chi, 2005; Posner et al., 1982). 

The quality of students' knowledge and their previous knowledge often do not meet 

teachers' expectations. The research shows that most students come to school with a 

number of pre-conceptions which restrain or prevent them from understanding new 

concepts (Duit and Treagust, 2003). Teachers often, at all education levels, imply that 

the students know everything they previously learned (Bleeth, 1998.). Lack of the 

already defined basic concepts in biology and learning outcomes causes the 

differences in what individual teachers test and consider important in biology (Lujan 

and DiCarlo, 2006). These authors emphasise the need to revise the programs and 

strategies which are used in teaching in order to make students more active and more 

independent in learning, and teachers to have enough time to check the students' 

knowledge acquisition.  

Rationale and Purpose 

Lack of defined basic concepts in biology and learning outcomes causes big 

differences in what individual teachers examine and consider important in biology 

(Lujan and DiCarlo, 2006). These authors emphasize the need to review the curricula 

Strand 14 In-service science teacher education, continued professional development

2832



 
 

and strategies that are used in teaching to help students become more active and 

independent  learners, and teachers have enough time to identify and verify what the 

students have adopted and at what level. Authors of textbooks and curricula are trying 

to squeeze all the knowledge in a particular field in textbooks and curricula and 

students' knowledge remains at a very low cognitive level (Barrass, 1984, Wood, 

2009; Dikmen, 2010). In the literature one can find various proposals for basic 

biological concepts, and one of them is the suggestion of the American Association 

for Advanced Science (AAAS, 2010; Woodin et al., 2010) which in the 2010 report 

proposes four basic great ideas as the basis of the new curriculum: Evolution as a 

basis for diversity, but also the unity of life;  Systems and their properties, including 

flow and energy conversion, molecular components, growth, reproduction and 

maintenance of homeostasis; Information - as the body receives them, processes them 

and responds to them; Interactions and interdependencies in a system from DNA 

molecules and cells to organisms in ecosystems (Lukša, 2011). 

The goal of the research was to determine to what extent the teachers' perceptions of 

students' knowledge, expressed in students' performance in solving tests, correlate 

with real students' performance, and how much the teachers are mutually 

synchronised when evaluating the importance of the questions used. These results can 

show the orientation of the teachers toward certain concepts and how clearly defined 

and balanced the teaching goals are. 

 

METHOD 

Teachers’ evaluations were conducted on the sample of 65 teachers, from 5 to 9 

evaluators per each examined class. The teachers should have anticipated the 

percentage of students’ performance for each question, and how much the concept 

which the question is testing they consider important (1 – not important, 2 - important, 

3 – very important). The agreement among the evaluators was examined using Fleiss 

Kappa coefficient whose values could be from 0 to 1 (Landis and Koch, 1977). The 

mean value of students’ performance according to percentage of overall students’ 

performance was determined, and the correlation of student distribution within the 

performance groups and the correlation of teachers’ evaluations was determined using 

Pearson’s correlation coefficient (r). Hopkins scale was used (2000) to interpret the 

correlative connection results. Statistical analysis was conducted with SPSS 17 (SPSS 

Inc., 2008). Students’ knowledge was tested on the sample of 4085 boys and 4606 

girls from 41 primary schools and 36 high schools by on-line testing with the help of 

Ampyx (www.ampyx.org) system in the period from 2007 to 2011. The students were 

tested using KUPIB question base compiled by the teachers based on six given macro-

concepts (Table 1).  

The research included 8691 students (4085 boys and 4606 girls) from 41 primary 

schools and 36 high schools. The survey was conducted by on-line testing with 

Moodle (http://mod.srce.hr/my/index.php) and Ampyx (www.ampyx.org) systems 

implemented in the period from 2007 to 2011. The aim of the research was not to 

assess the knowledge of individual students, but total understanding of some basic 

concepts in biology. The instruments used to test students consisted of a framework of 

six macro concepts: Structure of living beings, Energy, Interdependence, Balance, 

Reproduction and Diversity (Lukša, 2011). 
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Teachers’ assessments of test questions on the difficulty and relevance of the 

questions to compare the teachers’ opinions and students' results were collected. The 

assessment included 65 teachers, i.e. 5-9 evaluators for each primary and high school 

class tested. Teachers were supposed to predict the expected percentage of students’ 

answers of the particular class for each question, as well as how important they 

consider the concept which is examined by the  question (1 - not important, 2 - 

necessary, 3 - very important). The agreement between evaluators was examined by 

Fleiss Kappa coefficients (Randolph, 2008) whose values can range from 0 to 1. 

Results from 1.00 to 0.81 indicate excellent agreement, from 0.61 to 0.80 significant 

agreement, from 0.60 to 0.41 moderate agreement, from 0.40 to 0.21 low agreement, 

and from 0.20-0 almost no or no agreement of the analysed evaluations (Landis and 

Koch, 1977). Mean value of students’ performance according to percentage groups of 

the total students’ performance throughout the testing was established, and the 

correlation of the distribution of students within the performance groups and 

connectivity of teachers’ assessments was determined by Pearson correlation 

coefficient (r). For interpreting the results of correlative relationship the Hopkins scale 

was used (2000). In statistical analysis SPSS 17 (SPSS Inc., 2008) was used. 

 

RESULTS 

For all macro-concepts the comparison of mean value of students’ performance 

according to percentage of performance groups and teachers’ anticipations (Table 1) 

shows moderate correlation level (r = 0.39).  

 

Table 1 

Teachers’ anticipations and real students’ performance related to macro-concepts 

 Teachers’ 

anticipation (%) 

Students’ 

performance (%) 

Macro-concept X± SD X± SD 

Energy 64.19±13.93 47.03±17.93 

Interdependence 67.74±14.99 47.75±20.62 

Balance 68.86±14.30 44.90±19.70 

Reproduction 67.39±12.28 44.05±19.81 

Diversity 71.20±11.85 45.54±18.34 

Structure of living beings 68.36±13.69 48.51±17.41 

 

Kappa coefficients for all tested classes are shown in Table 2. The results indicate a 

very low agreement among evaluators in assessing the difficulty of questions and their 

importance for biology. When assessing difficulty of questions there is no agreement 

among evaluators (K from 0.07 to 0.19), whereas in assessing the importance of 

questions for biology the obtained results indicate the prevailing low or almost no 

agreement (K from 0.15 to 0.38). 
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Table 2 

Agreement among teachers in evaluating the difficulty and importance of the question 

in biology    

Class Agreement in 

difficulty (%) 
К (difficulty) 

Agreement in 

importance 

for biology % 

К 

(importance 

for biology ) 

4
th

 PS 0.18 0.08 0.49 0.24 

5
th

 PS 0.19 0.10 0.47 0.21 

6
th

 PS 0.27 0.19 0.59 0.38 

7
th

 PS 0.28 0.19 0.65 0.47 

8
th

 PS 0.24 0.15 0.47 0.20 

1
st
 HS 0.16 0.07 0.48 0.22 

2
nd

 HS 0.21 0.12 0.43 0.15 

3
rd

 HS 0.22 0.13 0.48 0.23 

4
th

 HS 0.20 0.11 0.55 0.33 

median 0.21 - 0.48 - 

 

Table 3 presents the overall results of the assessment of individual evaluators by 

classes for question difficulty. It is evident that there are discrepancies between 

evaluators in all classes. The smallest deviations are noted in the fourth class of 

primary school and fourth class of high school. 

 

Table 3 

Teachers' assessment regarding the question difficulty (in each class there is the 

second group of evaluators whose number varies from 5 to 9 per class)  

Class Evaluators min max X±SD 

1 2 3 4 5 6 7 8 9 

4
th

 PS 83 81 75 81 67 86 - - - 67 86 79±7 

5
th

 PS 53 75 54 72 61 62 73 55 62 53 75 62±9 

6
th

 PS 88 75 61 88 75 62 66 - - 61 88 73±11 

7
th

 PS 87 68 71 69 69 72 69 - - 68 87 72±7 

8
th

 PS 86 59 64 67 69 63 62 65 62 59 86 66±8 

1
st
 HS 66 64 60 62 60 60 73 65 90 60 90 67±10 

2
nd

 HS 68 51 76 73 63 59 78 - - 51 78 67±10 

3
rd

 HS 60 57 48 59 73 - - - - 48 73 59±9 

4
th

 HS 65 57 67 75 58 72 - - - 57 75 66±7 

 

Table 4 shows the results of how much individual evaluators consider the concept that 

is tested important for biology. It is also evident that there are large discrepancies 

between evaluators in all classes. This parameter shows the maximum deviation in the 

fourth class of primary school. 
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Table 4  

Teachers' assessment regarding the importance of questions for biology (in each class 

it is the second group of evaluators whose number varies from 5 to 9 per class) 

Class Evaluators min max X±SD 

1 2 3 4 5 6 7 8 9 

4th PS 3.0 2.6 2.8 1.7 2.5 2.8 - - - 1.7 3.0 2.6±0.5 

5th PS 2.1 2.5 1.4 2.1 2.1 1.9 2.0 1.9 2.4 1.4 2.5 2.1±0.3 

6th PS 2.6 2.2 2.1 2.6 2.2 2.1 2.5 - - 2.1 2.6 2.3±0.2 

7th PS 2.7 2.1 2.1 2.2 2.1 2.1 2.2 - - 2.1 2.7 2.2±0.2 

8th PS 3.0 2.0 2.0 2.0 2.3 2.0 2.5 2.7 2.6 2.0 3.0 2.3±0.4 

1st HS 2.2 2.3 3.0 2.3 2.6 2.6 2.6 2.5 2.4 2.2 3.0 2.5±0.2 

2nd HS 1.9 2.3 2.3 2.6 1.9 2.1 2.8 - - 1.9 2.8 2.3±0.3 

3rd HS 2.0 1.9 2.1 2.1 2.6 - - - - 1.9 2.6 2.2±0.3 

4th HS 2.0 2.1 2.2 1.8 2.4 2.4 - - - 1.8 2.5 2.2±0.2 

 

DISCUSSION  

Total discrepancy of evaluators on the difficulty of questions and the importance of 

questions in biology according to Fleiss Kappa coefficients indicates the lack of 

standards in teaching biology, which Smith and Marbach-Ad (2010) also mention as a 

base for more efficient teaching. Such a situation can affect teaching as well as the 

acquisition of concepts. Its cause can be found in exclusively content-oriented 

curricula with not clearly defined  teaching outcomes, with the teachers relying on 

their personal experience or inclination to certain biology fields, which is also proved 

by the research of other authors (Michael, 2006; Stamp, 2007; Treagust et al., 2001; 

Treagust, 2006). This could be linked to the fact that the teaching outcomes in high 

school curriculum are not defined at all, whereas the primary school curriculum 

abounds in deficiencies and inconsistencies (Garašić, 2012). The importance of 

defining concrete and measurable outcomes is stated by Smith and Marbach-Ad 

(2010), as well as by a number of other authors (Stamp, 2007; Treagust et al, 2001; 

Treagust, 2006). This conclusion is also confirmed by the teachers' discrepancy in 

evaluation of what the students should learn in biology, proved by the results of the 

analysis of the final state examination in biology (Ristić Dedić et al. 2011). Although 

it is clear that the teachers expected better results for the questions they consider 

important, most often it does not comply with real students' performance.  The 

correlation between teachers' expectations and real students' performance is not 

satisfactory and shows that the teachers are not aware of the problems the students 

encounter when learning.  

Total discrepancy between teachers' evaluation of students' knowledge and their real 

performance points to high expectations of the teachers and the fact that the teachers 

are not aware of the problem the students encounter when learning. Very low 

agreement of the teachers on the importance of certain questions in biology points to 

the problem of non-existence of teaching standards. It should be also emphasised that 

creation of the standardised framework for biology teaching should not prevent 

teachers' creativity and freedom, but would definitely enable harmonisation of 

teaching outcomes and results.  
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Total disagreement among evaluators in both issues regarding the difficulty of 

questions as well as the importance of questions for biology according to Fleiss 

Kappa coefficient indicates a lack of standards for teaching biology, which is also 

cited as a basis for effective teaching by Smith and Marbach - Ad (2010). This affects 

the teaching as well as the acquisition of concepts. The cause of this situation can be 

found in the solely content-oriented curricula in which learning outcomes are not 

clearly defined, with the teachers in the teaching process and testing relying solely on 

their own experience or preference to certain areas of biology as indicated by the 

results of other authors (Michael, 2006; Stamp, 2007; Treagust et al., in 2001; 

Treagust, 2006).  

This may be related to the fact that high school curriculum outcomes are not defined 

at all in the existing curriculum, while there is a number of flaws and ambiguities in 

their formulation within the framework of the primary school curriculum (Garašić, 

2012.). The importance of defining concrete and measurable outcomes for successful 

teaching is cited by Smith and Marbach - Ad (2010), as well as a number of other 

authors (Stamp, 2007; Treagust et al., 2001; Treagust, 2006). This conclusion 

confirms the total discrepancy among the teachers in assessing what the students 

should finally acquire, which is also proved by the analysis of results of the state 

graduation exam in biology, chemistry and physics (Ristić Dedić et al., 2011). 

Although it is evident that the teachers think the students will be more successful in 

solving the questions which they consider more important, it is usually not consistent 

with the actual students’ achievements. 

The correlation between teachers’ expectations and actual students’ performance is 

unsatisfactory and shows that teachers are not aware of the problems in learning and 

understanding which the students encounter. The results indicate large differences 

between individual evaluators and the tendency of some teachers to be stricter or 

milder evaluators can be noted. Large discrepancies in anticipation of the teachers and 

the actual results of the research is also emphasised by other authors (Ristić - Dedić et 

al, 2011; Lujan and DiCarlo, 2006). 

 

CONCLUSION 

The discrepancy between the teachers’ assessments of students' knowledge and their 

actual performance indicates unrealistic expectations of teachers and points to 

teachers’ unawareness of the problems in learning and understanding the students 

encounter and their belief that students resolve questions in accordance with the 

attention dedicated to them by the teachers in the teaching process. The results of a 

very low teachers’ agreement regarding the importance of certain questions in biology 

point to the lack of teaching standards. It should be noted that the creation of a 

framework for standardisation of biology teaching should not block teacher’s 

creativity and freedom, but it would certainly allow harmonisation of the teaching 

results. 
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Abstract: This paper presents outcomes of a doctoral research that pointed out the main 

limiting factors to be overcome by an undergraduate physics teachers program of a 

Brazilian public university, in order to achieve the profile of professional identity 

proposed by the pedagogical project of this program. From a survey of the intended 

ideal proposed in this project we analyzed pedagogical and administrative features 

performed by the subjects in order to implement a new curriculum. Data were collected 

from the analysis of documents, field notes made during faculty meetings and 

interviews taken among professors teaching in the program. It is a research for action, 

based in Habermasians principles. For data analysis we used analytical devices of 

Discourse Analysis from Pêcheux’s French perspective. The limiting factors found 

were: the identity profile of the program, double and dubious, since even pointing to the 

formation of a “physicist-educator”, it is structured to form the “physicist-researcher”;  

the teaching plans, which have traits of technical rationality, inconsistent with the 

discourse of the program pedagogical project, which points to the practical rationality; 

professional profile of the professors acting in the program, most of them without 

pedagogical training and that bring the training model received in their undergraduate 

formation as physicists, which shows insufficient for effectuation of desired changes. 

The clippings done here aims to present the relationship between the professional 

profile of professors acting in this program and the marks (or absence thereof) left by an 

in-service training program offered to these professors during the period from 2006 to 

2010 and that are perceived (or not) in their teaching practice and /or in their discourses. 

Keywords: Physics Teaching; In-service training of university professors; Curriculum. 

 

INTRODUCTION  

Here is an excerpt from a qualitative, longitudinal and in-action study that investigated 

the process of implementing a program of initial teacher education in physics at a public 

university in Brazil. The data were collected during 2006 and 2009, when it was 

graduated the first class of students within this new curriculum setting. We attempted to 

answer the question: What are the limiting factors to be overcome by the program in 

order to achieve the profile of professional identity in its proposed Education Program 

(EP)? 

The limiting factors were: the identity profile of the program, double and dubious, at the 

same time pointing to the formation of physics educator, is structured to form the 

physicist-researcher; teaching plans, which show traces of technical rationality, 

inconsistent with this perspective in the discourse of the EP, which points to the 

practical rationality; and the professional profile of professors and trainers, mostly with 

bachelor in physics and bringing the model of training received in their degrees, 

insufficient to effect the desired changes. 
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In this paper we discuss about the relationship among the professional profile of 

professors, technical rationality that pervades their work and the marks (or absence of 

them) left by a kind of in-service training offered by the University during the period 

2006-2010. These marks can be detected (or not) in its educational activities in their 

teaching plans and/or in their speeches. 

Gauthier (1998), states that the development of a training program mobilizes various 

groups seeking to protect their conquest, seeking to adopt formative models privileged 

by them. This reinforces the idea of Bourdieu (1983) which considers the University as 

a field which has as objects, specific interests and its own structure, understood as a 

social space, that is the subject of disputes and interests, conflicts among individuals 

that have the same habits. 

Díaz (2010) points out that research findings indicates that teachers keep the same 

educational practices of the previous curriculum (80s) to work on a supposed "new" 

curriculum structure. Penin, Martínez and Arantes (2009, p.36) consider also that "the 

beliefs to which teachers cling throughout his training appear to be strongly influenced 

by both, systematized knowledge, as well determined by organizational garb who led 

the operation of the school over generations". 

 

THE RESEARCH 

This is a research in-action from the opening of spaces for discussion and reflection 

among professors, course coordinators and the researcher. There were eleven meetings 

among professors who taught classes in each semester of this program, which lasts four 

years. Participated of the sample 22 professors who have worked in 2009, 16 of them 

from the Physics Department, and the last ones were also interviewed. Interviews were 

semi-structured, audio-recorded and transcribed. 

The researcher chose to interview only professors from the Physics Department for 

various reasons: because they are responsible for most of the disciplines and course 

load, because all professors are effective, because the researcher had already 

interviewed most of them in 2003 (in the beginning of the process of restructuring the 

pedagogical project of the course in question, and so, seeking a longitudinal study) and 

because some of them also participated directly or indirectly in the process of 

redesigning and implementation of the EP (2002-2010). 

Aiming to make the meetings free from any constraint, it was agreed that the researcher 

would keep confidential their names; be responsible by the meetings records, and that 

the information collected would be in the form of field notes and that it would be sent to 

all involved, in order to be informed and helping to correct the possible slips. These 

minutes are part of the data, along with interviews with the subjects. 

Zeichner and Pereira (2005) argue that the action research can contribute to the process 

of social transformation. This can occur in several ways, such as improving the training 

of those involved, enhance the control that these professionals now have over the 

knowledge or theory that guides them in their work, by influencing the institutional 

changes in the workplace and contributing to the society to become more democratic, in 

the sense of social transformation. 

This type of research requires a detailed record of the process and activities, in order to 

provide a systematic data registration and allowing the evaluation of the actions 

developed. Should also be made summaries of discussions among the group participants 
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and these should be shared among those involved for corrections and/or additions that 

may be necessary can be effected, aiming not just a collective awareness about the 

production of knowledge, both in the process of investigation of the problem regarding 

the results. 

The researcher based his conduct with the professors in the Habermas’ Theory of 

Communicative Action (Habermas, 1987; Gonçalves, 1999). In this theory, some 

concepts are central; for example, the individuals communicate with each other 

mediated by speech acts, which relate to the three worlds: the purpose of things, the 

social norms and institutions and the world of subjective experiences and feelings. 

Thus, the language plays an important role. And the legitimacy of the truth value, 

veracity and correctness rules, which are assumptions from the communicative action, 

can be reached by reasoning among individuals, in terms of principles, recognized and 

validated by the group itself. 

For data analysis, we chose to use analytical devices of Discourse Analysis (DA), in 

Pêcheux French line (1990), which underlies the work of Orlandi (2002) and Brandão 

(2002). This was done on three fronts, studying the discourses present: in official 

documents (EP, teaching plans and texts offered to in-service training professors), in 

interviews and speeches during the meetings, and the field notes records. 

To Brandão (2002, p.15, 83-84) DA is a discipline that has emerged yet unfinished in 

the second half of the twentieth century and which aims to analyze the use of language 

in speeches in context, among people who interact. It attempts to address the need to 

understand the texts in its entirety, seeking to unite the linguistic socio-historical context 

of its production. To Chizzotti (2006) speech has only one meaning: the language of 

common sense can mean the dialogue between people, in Linguistics, is how the various 

linguistic elements are connected in order to build a larger structure. 

Following Brandão (2002) two concepts are at the core of the AD: the ideology 

(Althusser) and discourse (Foucault). In AD there is a separation between transmitter 

and receiver, nor is this regularity between a speaker and another that decodes. In 

reality, both are meaning: it is a simultaneous process. And information is not simply 

that they are changing: identification processes are the subject of argument, subjectivity, 

among others. 

 

SOME RESULTS AND REFLECTIONS 

The in-service training offered to all staff of the University was designed some years 

ago by a group of former professors of the institution in the form of workshops. In 

general, the sessions are developed in a mix of classroom meetings and distance 

learning, since 2006, and it is offered to all professors from 33 different campuses of the 

university. There are 30 hours of classroom activities and 60 hours of on line activities. 

The methodology is based on the motion action-reflection-action and the pedagogical 

line adopted is the historical-critical (Saviani, 2002). The themes are: Foundations of 

Higher Education, Higher Education Epistemology and Methodology of Higher 

Education. 

Cortela (2004) had already interviewed 10 of the professors of this sample. When asked 

about the difficulties they felt in performing their teaching, for example, they answered, 

among other things: that they had no pedagogical knowledge (80%) admitted they did 

not perform a systematic interdisciplinary work among their colleagues (100%), and 

Strand 14 In-service science teacher education, continued professional development

2843



proved to be predisposed to attend in-service training courses (40%). Most of them also 

claimed to have difficulties in the implementation of didactic contents. 

According to data provided by the university, it were held from 2006 to 2009, twenty-

six workshops with the same themes, reaching different groups. The table below 

indicates the participation of these 16 professors in this period. The subjects from A to J 

were also interviewed individually and those indicated by D did not participate in an 

interview and/or meetings. 

Table 1 

Relations between the initial formation of the professors and participation in in-service 

training.  

Professor Formation Participation Professor Formation Participation 

A Bachelor/1989 - I Bac/Lic/1977 7 

B Bachelor/1999 11 J Licensee/1979 - 

C Licensee/1991 - D1 Licensee/1981 18 

D Bachelor/1985 10 D2 Licensee/1987 - 

E Bachelor/1985 8 D3 Bachelor/1978 2 

F Licensee/1994 5 D4 Licensee/1986 8 

G Bachelor/1980 9 D5 C. Eng./1983 - 

H Bachelor/1984 1 D6 Licensee/1989 - 

 

According to the graduation year, we found that 5 professors had concluded their 

graduation between 1970/1980, and so, are close to retirement; 13 were graduated in the 

period 1980/1990 and 4 of them after 1990. Thus, this is an experienced staff, composed 

mostly of researchers in theoretical or experimental physics. Only 4 of them are 

dedicated to research in education, especially in physics teaching. It was found that only 

3 (± 20%) participated in more than ten meetings, which contradicts the 2004 

interviews, when 40% of the respondents declared to be interested in this type of 

activity. Six professors did not participated of any workshop and only 2, when 

interviewed, justified their absence. 

C: The day I convince myself that that there will be important for my training to 

improve my practice in the classroom, I will do it. (Cortela, 2011, p. 261). 

The speech above matches to what defends Borges (2006), when he says that these 

professionals (university professors and physicists) often have much resistance to 

update teaching methods and pedagogical performance. The author justifies this by the 

fact that they, in general, do not recognize the scientific basis of studies presenting these 

methods, or the professional competence of those who make this kind of research. 

A profile which tends towards the bachelor, or whose characteristics are close to 

bachelor. Approximately 82% of teacher educators identify with this speech. As 

confirmed by one of the interviewees. 

B: Another thing: in physics we also have this problem ... ah ... the profile of the 

Physicist, in general, in the Physical Department, the staff that does research in 

Physics, Materials ... only in the area of education, the staff does not have a ... Physics 
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You know! In his graduation ... their teachers (did not finish the sentence, but the idea 

now is that things have not changed in this aspect since the 80s) (Cortela, 2011, p.254) 

Two professors participated only of one or two meetings and one of them apologized 

"that the flow that the work was developed was not satisfactory" and "that line of work 

adopted was very deleterious" (in the political sense). 

The professors who attended five to nine workshops (5 of them) found the project 

interesting, because it allowed them to meet certain forms of approach teaching. Those 

who attended more than 10 workshops were, at some point, course coordinators, 

therefore the call to participate to such meetings were almost mandatory. However, their 

teaching plans do not show significant changes after participating in the workshops. 

Most of the individuals criticized the lack of “something more specific” in the 

workshops, in the sense of a didactic approach specific to teaching contents of the 

sciences; also claimed that it would be interesting to present referential from other 

pedagogical lines.  

I: I thought it was good but ... many questions have not been answered! But when 

something was referring to didactic or pedagogical, most questions were left 

unanswered. Why? What you study for linguistics... applies to that course, does not 

apply in physics or mathematics. Then came a point that, in reality, the physics 

department, perhaps along with mathematics, should have some things alone! (Cortela, 

2011, p.285); 

They also raised the devaluation of the academy in investing in pedagogical issues, 

agreeing with Zabalza (2004) ideas, when he argues that what gives credibility and 

status to a university lecturer is researching and not teaching. 

A comparative analysis was made between the disciplines present in the two different 

curricula, aiming to understand the changes made by the professors and seeking 

justifications for them. This analysis showed that among 32 lesson plans that make up 

the curriculum frameworks, the former and the actual) indicates insignificant changes 

regarding the methods and forms of evaluation. The technical rationality is still 

perceived in most of the plans, is evident in the teaching methodologies adopted and 

also in the choice of the instruments and the evaluation criteria. 

SOME CONCLUSIONS 

Agreeing with Borges (2006, p. 135) when, in dealing with the training of teachers 

[professors] of physics, states that "[...] we need to change the quality of teachers 

trained. Train more and better training". The researcher believes that the profile of 

professors engaged in higher education directly influences the profile of the graduate 

students, although not decisive, because of personal issues that could not be raised here. 

He justifies that professors who have a line of research related to a specific area in 

physics seek to initiate their students in their research groups and directs them, in a way, 

to work in his area of research. 

J: And. .. this dilemma ... as we do not have bachelor's degree, and most of the people 

here advise students, we always give greater guidance for research during the course. It 

is what they call "bacharelatura", right? [he means a mix of ‘bachelor's’ and 

‘graduation’]. So, the impression I have is that there is a lot of people that will actually 

go to [high] schools afterwards ... teaching, working as a teacher. I think most will do a 

Masters in Materials and few will be teachers of secondary level. (Cortela, 2011, p 

288). 
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The discourses made us understanding that this in-service training provided by this 

university to university professors, despite representing a breakthrough in the sense that 

institutionalize a continuing education project at the academic level, which is something 

unusual in the Brazilians universities, need adjustments in order to fulfill gaps identified 

by these researchers in relation to their group of interest, particularly in terms of solve 

specific problems of the areas they belong, like physics, which has its own 

epistemology . 

We conclude that the "marks" provided by this in-service training could not be 

noticeable in professors academic work, since they did not appear in the professors 

collective actions, did not reflected in the organization of their teaching plans and also 

technical terms or concepts present in the texts used in the workshops, do not appear in 

their speeches. 
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Abstract: Textbooks are claimed to be one of the most important tools in the implementation of 
new school curricula. As there has hardly been done any research in the field of textbooks in 
German-speaking countries, our project focuses on the following question: What differences 
exist between teacher trainers, primary school teachers (grades 4 to 6) and secondary school 
teachers (grades 7 to 9) in weighting competence-oriented textbook standards? In order to 
answer this question, a qualitative survey has been performed with 40 experts. Out of the 
validated answers, 79 competence-oriented textbooks standards were formulated. In a 
quantitative survey, the participants assessed the importance of these competence-oriented 
textbook standards. The data was analyzed test-statistically to detect differences between 
primary and secondary school teachers as well as teacher trainers in weighting these standards. 
The results show that there is a multilateral gap between teachers and teacher trainers 
concerning the needs in textbooks. The reasons on which this gap is founded are various. These 
results may contribute to developing textbooks which support the implementation of 
competence-orientation. In a future study, it is planned to analyze differences in weighting the 
textbook standards more specifically. To reach this aim, not only occupational differences but 
also gender and age differences, differences in learning-theories, as well as differences in 
teachers’ educational background were taken into account. 

Keywords: textbook, standards, competence-orientation, educational reform, implementation. 

 
INTRODUCTION 
Textbooks are considered as one of the most crucial tools to support educational reforms. 
However, there are no empirical studies in any German-speaking country dealing with the topic 
of textbooks to support the implementation of competence-oriented teaching (Oelkers & 
Reusser, 2008). To reduce this research gap, our project aims to set up standards for 
competence-oriented textbooks empirically in order to analyze if there is a difference in the 
weighting of these textbook standards when teacher trainers, primary school teachers (grades 4 
to 6) and secondary school teachers (grades 7 to 9) are compared. 

 
RATIONALE AND RESEARCH QUESTION 
Large scale assessments such as PISA and TIMSS have induced to establish a new Swiss school 
curriculum introducing competence-orientation.  
To enable the reform being effective, the implementation has to focus not only on the 
assessment level but also on the micro-level of teaching (Gräsel & Parchmann, 2004). 
Consequently the reform has to reach teachers as well as students in an effective way (Oelkers 
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& Reusser, 2008). There are four requirements for a successful implementation on the micro-
level:  

- First, students should understand what is meant with competence-orientation (Ziener, 
2006). In addition, they have to be supported in small cumulative steps in order to 
acquire the scientific competences of the curriculum (Oelkers & Reusser, 2008). 

- Second, teachers should understand what is meant with competence-orientation (Ziener, 
2006). Moreover, they should be supported in competence-oriented teaching (Oelkers, 
2010). 

- Third, teachers should be supported in acquiring the extended professional competences 
needed for teaching in a competence-oriented manner (Hofmann & Astleitner, 2010). 

- Fourth, teachers should be won for the reform. In order to maximize the teachers’ 
acceptance of the reform, the three mentioned requirements should be realized. In 
addition, teachers should receive a voice in the implementation (Gräsel & Parchmann, 
2004). 

Competence-oriented textbooks can considerably contribute to the first two claims. An 
important reason for their impact is their ability to reach teachers (Bähr & Künzli, 1999) as well 
as students (Oelkers & Reusser, 2008). Beerenwinkel and Totter (2011) mention textbooks as a 
mean to improving teachers’ skills. Hence the third requirement can also be supported by 
textbooks. A premise to the forth demand and thus to involving teachers in the implementation 
process is that the gap is known between teacher trainers and teachers. This gap has been 
described by Carnine as a gap between research and practice (1997).  

Due to this potential of textbooks for implementation, we formulated the following research 
question: What differences exist between teacher trainers, primary school teachers (grades 4 to 
6) and secondary school teachers (grades 7 to 9) in weighting competence-oriented textbook 
standards? Within this context the following hypotheses were formulated:  

- The “hypothesis: hints for students” claims that teachers weight “hints for students for 
competence-oriented learning” in textbooks higher than teacher trainers. 

- The “hypothesis: hints for teachers“ predicts that teacher trainers weight “hints for 
teachers for competence-oriented teaching” higher than teachers. 

- The “hypothesis: competence-oriented learning” claims that teachers and teacher 
trainers weight different textbook aspects concerning “competence-oriented learning” 
high. 

 
METHOD 
A mixed-method approach (Gläser-Zikuda, Seidel, Rohlfs, Gröschner, & Ziegelbauer, 2012) 
was chosen (Figure 1). 
In a first step, a qualitative survey with nine open-ended questions was carried out to explore 
standards for competence-oriented textbooks. Fourty experts from Switzerland, Germany and 
Austria participated. Among them were six textbook authors, 17 science teacher trainers, and 
17 experienced teachers. To analyze the answers, a summarizing qualitative content analysis 
(Mayring, 2010) was carried out. 
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Sequential mixed-methods design 
 

Conceptual phase  
 

Research question 
 

 

 

Empirical phase 
 

Data collection 
 

 

Data analysis 
 

 

Conclusion phase 
 

Conclusion 
 

:    

    : Qualitative approach;                    : Validations;                  : Quantitative approach 

Figure 1. Research Design adapted from Foscht et al. (2007, p. 254). 
 

In order to validate each summarized answer, its content was compared with results from 
empirical studies in the field of educational sciences, with the guidelines of the new 
curriculum and with checklists for textbooks. Only if all three validation steps showed the 
relevance of the summarized answer, the answer was transformed into a standard for 
competence-oriented textbooks for the subsequent survey. 
A quantitative survey was carried out to analyze differences between teacher trainers and 
teachers in weighting these standards. The sample consisted of 43 teacher trainers in science, 
166 primary school teachers (grades 4 to 6) and 152 secondary school teachers in science 
(grades 7 to 9). The participants assessed the importance of 79 competence-oriented textbook 
standards on a five-point Likert scale (I totally disagree – I totally agree). 

To analyze the data, a principal component analysis with promax rotation (Tabachnik & 
Fidell, 2001) was performed. The reliability of the scales was tested with Cronbach’s α 
(Bühner, 2004, p. 132). Group differences were analyzed with ANOVAs. If a result was 
significant, differences between the three occupational groups were calculated with Tukey-
Kramer-tests (see Sachs & Hederich, 2006). 

 
RESULTS 
The principal component analysis generated 9 scales concerning discriminative aspects of 
competence-oriented textbooks. The scales belong to three sectors „hints for students for 
competence-oriented learning“, „hints for teachers for competence-oriented teaching“, and 
„competence-oriented learning“.  
To analyze the different needs of primary school teachers, secondary school teachers and 
teacher trainers concerning competence-oriented textbooks the rating of competence-oriented 
aspects are compared (Table 1). 

The “hypothesis: hints for students” claims that teachers weight “hints for students for 
competence-oriented learning” in textbooks higher than teacher trainers. Only the scale 
„precise assignments in the students’ book” (1) shows a significant difference with a large 
effect between teachers and teacher trainers (Table 1). As the other two scales „hints for 
students about competence-orientation” (2) and „hints for students about lab work” (3) lack 
significant effects, the null hypothesis cannot be rejected. 

According to the “hypothesis: hints for teachers“ teacher trainers weight “hints for teachers 
for competence-oriented teaching” higher than teachers. The research findings show that both 
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primary school teachers and teacher trainers rate this aspect high (Table 1). Only secondary 
school teachers assess this aspect significantly lower compared to at least one other 
occupational group. Therefore, the null hypothesis is maintained.  

In detail, teacher trainers weight the scale „information for teachers and references” (4) with a 
medium effect significantly higher than secondary school teachers. Primary school teachers 
rate the same scale with a small effect significantly higher than secondary school teachers. 
The scale “materials for teachers for competence-oriented tuition” (5) assess primary school 
teachers with a small effect significantly higher than secondary school teachers. 
 

Table 1 
Differences between teachers and teacher trainers concerning aspects of competence-
oriented textbooks. 

Category Scales 
Group(s) 

with 
higher 
mean 

Group(s) 
with lower 

mean 

Hints for 
students for 
competence-

oriented 
learning 

1) Precise assignments in the students’ book                
F(2, 321) = 32.21; p < .001; η² = .17 

P↑, S↑ T↓ 

2) Hints for students about competence-
orientation  F(2, 319) = 2.84; p = .060; η² = 

 

 

3) Hints for students about lab work                              
F(2, 319) = 2.01; p = .136; η² = .01 

 

Hints for 
teachers for 
competence-

oriented 
teaching 

4) Information for teachers and references                
F(2, 326) = 8.93; p < .001; η² = .05 

T↑, P↑ S↓ 

5) Materials for teachers for competence-
oriented tuition                                                                                     
F(2, 326) = 6.18; p = .002; η² = .04 

P↑, T T, S↓ 

Competence-
oriented 
learning 

6) Learning through the model of educational 
reconstruction                                                                      
F(2, 358) = 12.91; p < .001; η² = .07 

T↑ P↓, S↓ 

7) Precise assignments of tasks and 
experiments   F(2, 245) = 28.6; p < .001; η² 

  

P↑, S↑ T↓ 

8) Motivational aspects of learning                            
F(2, 358) = 17.3; p < .001; η² = .09 

P↑ S↕ T↓ 

9) Learning through tasks and experiments                  
F(2, 352) = 0.93; p = .396; η² = .01  

 

Notes: - T: Teacher trainers (N = 43)                                                                                                                                                                                                                                                                         
- P: Primary school teachers (N = 164); S: Secondary school teachers (N= 152);                                          
- ↑: sig. higher M, ↓: sig. lower M, ↕: sig. higher and sig. lower M, without arrow: NS                        
- Only if ANOVA was significant (p = .05), Tukey-Kramer-Test was calculated                                   
- Effect size: η² = .01 (small effect), η² = .06 (medium effect), η² = .14 (large effect) 
(Cohen, 1988)  

 

The “hypothesis competence-oriented learning” predicts that teachers and teacher trainers 
weight different textbook aspects concerning “competence-oriented learning” high. According 
to the results, the null hypothesis is rejected and the alternative hypothesis accepted.  
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The reason is that teacher trainers weight the scale “learning through the model of educational 
reconstruction“ (6) with large effects significantly higher than both groups of teachers. In 
contrast, primary and secondary school teachers rate the scale “precise assignments of tasks 
and experiments” (7) with large effects significantly higher than teacher trainers. The scale 
“motivational aspects of learning” (8) assess primary school teachers with a large and 
secondary school teachers with a small effect significantly higher than teacher trainers. No 
significant difference is observed between all three professions regarding the scale “learning 
through tasks and experiments” (9). 

 
DISCUSSION AND CONCLUSION 
The „hypothesis: hints for students” predicts that teachers weight “hints for students for 
competence-oriented learning” in textbooks higher than teacher trainers. Due to the 
ambiguous results, the null hypothesis cannot be rejected (Table 1). 
The lacking occupational differences in rating “hints for students about competence-
orientation” (2) might be explained that this sort of hints are not considered important in 
competence-oriented science textbooks. This assumption rises as none of the occupational 
groups weight this aspect high (results not shown). Moreover, no profession mentions this 
aspect often in the qualitative survey. 
In contrast, the scale “hints for students about lab work” (3) probably does not show any 
significant differences among the professions due to an overall high weighting. It is supposed 
that all three professions consider this aspect as urgent in competence-oriented science 
textbooks. This adoption is strengthened by the fact that the standard “hints for students to 
perform experiments securely” belongs to the standards rated highest by all three professions 
(results not shown). 
The “hypothesis: hints for teachers“ predicts that  teacher trainers weight “hints for teachers 
for competence-oriented teaching” higher than teachers. The results show that the difference 
is not between teacher trainers and teachers but much more between teacher trainers and 
primary school teachers on the one hand and secondary school teachers on the other hand 
(Table 1). Therefore, the null hypothesis is maintained.  

The higher rating of “information for teachers and references” (4) by teacher trainers compared to 
secondary school teachers could be explained by their supposed intention to informing 
teachers about the educational reform and to improving their skills needed for competence-
oriented tuition.  

Primary school teachers might find “information for teachers and references” (4) as well as 
“materials for teachers for competence-oriented tuition” (5) helpful as they can inform 
themselves about competence-orientation and are supported with hints and background 
information to teach in a competence-oriented manner. The fact that primary school teachers 
are willing to be supported by textbooks has also been described in literature (Möller, 
Kleickmann, & Tröbst, 2009).  

Secondary school teachers put an overall low emphasis on teacher materials. This low rating 
might be based on their marginal experience with teacher materials or on their low estimation 
of relevance towards teacher materials (e.g. Haas, 2005, p. 9). This low emphasis could be a 
problem concerning secondary school teachers with a more negative attitude towards science. 
This problem might even be aggravated, if the negative attitude towards science is connected 
to a low degree in science education (Aufdermaur, 2009, p. 39). According to the study of 
Aufdermaur (2009, p.49), these teachers transact the proposed teaching ideas of teacher 
materials less than other teachers. This observation carries weight as students taught by 
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teachers without a proper education in the subject or the grade are less confident in their 
chemistry and physics skills and perform worse than other students in these subjects (Lagler, 
& Wilhelm, 2013). Therefore, the low emphasis put on teacher materials by secondary school 
teachers is a challenge for authors of competence-oriented textbooks and for the reform in 
general. To increase the usage of teacher materials, the explicit mentioning of these materials 
in further trainings about competence-orientation may be helpful. 
According to the “hypothesis competence-oriented learning”, teachers and teacher trainers 
weight different aspects of “competence-oriented learning” in textbooks high. As the results 
show differences in three (6; 7; 8) out of four scales between teachers and teacher trainers, the 
null hypothesis is rejected and the alternative hypothesis approved (Table 1). 
Teacher trainers might rate the scale “learning through the model of educational 
reconstruction” (6) (Kattmann, Duit, Gropengiesser, & Komorek, 1997) high due to their in-
depth theoretical knowledge about the usefulness of this model (e.g. Labudde & Möller, 
2012). The fact that teachers weight this aspect significantly lower than teacher trainers could 
be explained by not knowing the model of educational reconstruction well (Gais & Möller, 
2006). In addition, they may be concerned about its demanding and time consuming 
performance (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011). To diminish the gap between 
the teacher trainers’ und the teachers’ perspective, teachers could be supported in a 
constructivist manner by textbooks and further trainings to get familiar with this model 
(Möller, 2010). This approach could even help the educational reform in general as the model 
of educational reconstruction is a teaching principle within competence-oriented tuition 
(Wilhelm, 2012). 
Both groups of teachers assess “motivational aspects of learning” (8) in textbooks 
significantly higher than teacher trainers. This findings correspond to the qualitative data in 
which teachers claim that “textbooks should promote motivation” and should “stimulate 
curiosity”. In contrast, teacher trainers consider the motivation of students mainly as task of 
teachers according to the qualitative data as well as to literature (e.g. Ciani, Ferguson, Bergin, 
& Hilpert, 2010; Möller, 2010). In addition, teacher trainers probably focus more on the 
increase of student achievement than on motivational aspects in particular (e.g. Duit, 2006). 
These differences between teachers and teacher trainers are to consider when producing new 
textbooks. 

The general high rating of the scale “learning through tasks and experiments” (9) leads to no 
significant difference between any occupational groups. It is assumed that teachers find tasks 
and experiments important to reducing their working load and to increasing the practicality of 
textbooks (Chien & Young, 2006). Teacher trainers might find them crucial as tasks and 
experiments are considered as one of the central aspects for effective competence-oriented 
teaching (e.g. Keller & Bender, 2012; Kunter & Trautwein, 2013). This aspect seems to be of 
smaller importance to teachers according to own data and to literature (e.g. Gustafson & 
Rowell, 1995; Möller, Kleickmann, & Jonen, 2004). 

In summary, the gap between teachers and teacher trainers concerning the needs in textbooks 
is multilaterally and founded on many various reasons. These results may contribute to 
developing new textbooks which take the following four requirements for implementing 
competence-orientation into consideration: First, the support of students in acquiring 
competences; second, the support of teachers teaching in a competence-oriented manner; 
third, the support of teachers acquiring the professional competences for competence-oriented 
teaching; fourth, the teachers’ acceptance of the reform. 
The first three requirements for a promising implementation could be supported directly by a 
competence-oriented textbook. To facilitate this aim, the developed competence-oriented 
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textbook standards in this study may be used as a checklist to generating competence-oriented 
teaching materials as well as to supporting committees enacting new textbooks. 
In terms of the forth requirement, the differing needs of teachers compared to teacher trainers 
with respect to competence-oriented textbooks may reflect their needed support in the 
educational reform in general. If this be the case, this study may contribute to anticipating 
certain reform challenges and hence make reform process more successfully.  
In a future study, it is planned to analyze differences in weighting the textbook standards more 
specifically. This may help understanding the needs in even more detail. To reach this aim, not 
only occupational differences but also gender and age differences, differences in learning-
theories, as well as differences in teachers’ educational background are taken into account. 
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INTRODUCTION 

 

 

Strand 15 focuses on Early Years Science education, for children aged between 0 and 

8 years of age. This has been a field of growing interest within the science education 

community in recent years and encompasses a wide range of research activity related 

to policy and practice in early years science in preschool and primary education. This 

was reflected in the number of contributions and lively discussion at the 2013 ESERA 

conference. There were two symposia, eight oral paper presentations and eight 

interactive posters, all of which had been reviewed and accepted for inclusion. Out of 

these, nine papers were submitted to be included in this e-Book. Eight have met the 

technical requirements and are reproduced in the following pages. Their authors come 

from France, Greece, Japan, Romania, and the United Kingdom. The papers explore a 

range of issues from different theoretical perspectives, and employ a variety of 

methodological approaches. 

Four papers report on teaching interventions designed to support children’s early 

conceptual development in science. All four papers underline the importance of early 

experiences in providing foundations for conceptual development. They outline and 

evaluate a range of learning and teaching approaches, including the use of ICT that 

could be employed in early years settings. They use a variety of methods of data 

collection to enable children to show their capabilities, two of them aiming at 

detecting changes pre and post the intervention, with one making use also of an 

experimental group, and two focusing on classroom processes taking place during the 

intervention. 

Alice Delserieys, Damien Givry and Corinne Jegou (France) report on research 

undertaken as part of a wider study, interested in enhancing teacher efficiency in early 

years science education. In their paper, they examine the effectiveness of a teaching 

intervention about the formation of shadows conducted in two French preschools, 

following an approach developed in Greece by Ravanis et al (2005). The aim of the 

research was to extend the initial study conducted in Greece to test its external 

validity by a reproduction in another context. The teaching intervention was based on 

the idea that the learning process should take account of children’s prior knowledge 

and the concept of a precursor model to act as a bridge between children’s first 

representations and the scientific model, in this instance related to the linear 

propagation of light. Moreover, the teaching approach was informed by a view of 

learning as constructed by children through social interactions, with the teacher 

playing a role of mediation and tutoring (Dumas Carré & Weil-Barais, 1998). The 

intervention was implemented by two experienced teachers, as part of their regular 

classroom activities. Its aim was to destabilise children's existing representations and 

help them construct a precursor model that explains the formation of shadows. Pre 

and post intervention interviews were conducted using tasks designed to elicit 

children’s ideas. Interviews were videotaped to collect evidence of both children’s 

talk and actions. Data analysis indicated some positive improvement in children’s 

ideas, although this varied across tasks and individuals. In their conclusions the 

authors suggest that better understanding of these differences in response would be 

gained through analysis of activities and interactions during the teaching sequence. 

They also highlight the limits of providing teaching resources without further training 

Strand 15 Early years science education

2858



and the potential value of collaboration between researchers and teachers in 

developing teaching materials. 

Zaranis (Greece) drew on van Hiele’s model of the development of concepts in 

geometry in his study of the use of ICT in teaching about triangles. Zaranis developed 

a programme for teaching basic concepts related to triangles that involved the use of a 

series of software applications in combination with other activities (including 

practical and story–based activities).  Research was conducted in 18 public 

kindergartens, involving about 250 children using a quasi-experimental design, with 

nine classes in the experimental and nine in a control group. The experimental group 

followed the ICT based programme, and the control a traditional programme 

conducted in accordance with the kindergarten curriculum. Pre and post tests of 

performance in geometry questions related to triangles were used to compare the 

outcomes of the two groups. The scores of both groups improved but the children in 

experimental group showed significantly greater improvement compared to those 

taught using traditional methods. Furthermore the author suggests that children in the 

experimental group revealed extended interest in the tasks and that further in depth 

study would be valuable of the pedagogical issues involved in the use of ICT in 

learning. 

The papers of Theodoraki and Plakitsi and of Kolouri and Plakitsi (Greece) both 

concern the design and analysis of early years science tasks informed by Cultural 

Historical Activity Theory (CHAT). In contrast to the first two papers there is a 

central focus on classroom processes. The methodology employed in the design and 

analysis of tasks is based on the interactive systems of Engestrom (1987). Within this 

framework students engage in activities, interacting with tools and subjects (other 

pupils, teachers, researchers) within the learning community (with its associated rules 

and division of labour) to develop new skills and understandings of scientific 

concepts. The study undertaken by Thedoraki and Plakitsi was carried out in two 

classes in two schools (one class in each school applied the innovative curriculum, the 

other the existing national curriculum). A range of tasks was designed drawing on the 

history of science. This involved activities on buoyancy based on Archimedes 

principle and on magnetism linked to a story based on Thales of Miletus and his first 

discoveries in magnetism. In the study of Kolokouri and Plakitsi (carried out in four 

pre primary classrooms) a popular cartoon ‘Spongebob Squarepants’ was used to 

design floating and sinking activities. History of science was again incorporated in 

this study into a narrative about light and colour. This was then transformed into a 

narrative animation about light and colour, using the computer programme ‘Scratch’. 

In both studies data collection included video recording and qualitative data analysis 

was undertaken using Nvivo to examine classroom activities and associated 

processes. Both studies offer insights into the potential of using CHAT in the design 

and analysis of early science activities. 

In contrast to the interventions reported in the four papers above, the research reported 

by Russell and McGuigan (UK), adopted what the authors describe as a more ‘bottom 

up’ research strategy involving close collaborative work with early years practitioners 

to identify and enhance science learning within holistic early years practice. The study 

built on previous large scale research undertaken by the authors into children’s 

development between 3 and 5 that identified characteristics relevant to emergent 

science behaviour, classified as general developmental, enabling of emergent science 

and science specific. The study reported here sought to extend this work with teachers 

and their children (aged 36-84 months) to identify ‘threads’ of behaviour and 
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developmental sequences associated with emergent science in relation to key aspects 

of science education namely, conceptual development, enquiry skills and science as 

discourse. The orientation was thus to identify positive potential in children and in 

teachers’ practices – in contrast to a common focus on the limitations of young 

children’s capabilities or of early years practitioners. Research was carried out in ten 

sample schools across the UK and involved teachers, co-teachers, support staff and 

children in each setting. Research processes included project meetings alongside 

ongoing communication using a range of electronic media. Researchers collected data 

during visits to schools using video recording, photography and the collection of 

children’s products.  Observation, dialogue and theoretical reflection led to the 

identification of threads and developmental trends associated with emergent science 

behaviour. These have the potential to inform teacher assessment and thus support 

sensitive teacher intervention to support children’s emergent science learning. 

The three remaining papers examine a range of contextual factors (policy 

requirements, teachers' views and beliefs about factors influencing their practice, and 

characteristics of picture books) that impact on learning and teaching processes and 

have the potential to inform the design of learning experiences. The studies reported 

in these papers employ a variety of approaches to data collection, qualitative 

approaches predominate but quantitative and semi-quantitative approaches are also 

included. 

Sporea and Sporea (Romania) report on a survey of Romanian science teaching 

policy in early education, as depicted in official documents, conducted as part of the 

EU funded project 'Creative Little Scientists'. The survey was designed to examine the 

way in which teaching learning and assessment in early science and mathematics is 

conceptualised in policy, and the role of creativity in this, with a particular focus on 

potential links between inquiry based approaches and creativity. Their paper 

summarises findings in relation to selected sections of the survey related to the aims 

and objectives, content and learning activities outlined in Romanian policy for early 

years science and mathematics education. The authors conclude that while very 

limited explicit references were found to creativity in official documentation, 

opportunities for creativity were embedded in the promotion of autonomous learning 

and problem solving approaches and of inquiry based practices such as questioning, 

designing or conducting investigations, providing explanations or communicating 

using varied forms of recording. Their wide-ranging review of policy provides an 

important reference point for fostering creativity within policy and practice in 

Romanian early science and mathematics education. 

Kallery (Greece) describes a small-scale exploratory study of the views of six 

experienced early years teachers' about the factors influencing their practice.  A range 

of data collection techniques was employed including a written task, group interviews 

where teachers could elaborate on their views, and a questionnaire designed by the 

teachers themselves to investigate the views of other colleagues on factors that 

influence their teaching performance. Qualitative analysis revealed teachers’ views of 

the influence of factors related to the teacher, pupil and situation and the impact of 

initiatives for personal professional upgrading on their practice. Importantly teachers 

also referred to interactions between these dimensions for example they highlighted 

not only the key role of subject knowledge, but also interconnections with affective 

and emotional factors and the impact of their experiences both as a teacher and as a 

pupil (both positive and negative) on their practice. Teachers noted the potential 

challenge and influence of pupils' ideas, attitudes and emotions on their teaching but 
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also the impact that teachers’ own characteristics can have on pupils' responses.  They 

identified a range of situational factors that could have a positive or negative 

influence on performance including space, time, materials, class size and curriculum 

content. Teachers also highlighted the influence of the extent of communication and 

collaboration in schools and the advantages of opportunities to participate in group 

work, collaborate with specialists or to engage in research activity. They however 

recognised the importance of their role and felt that several situational difficulties 

could be overcome depending on the characteristics and actions of the teacher. 

Kallery argues that such insights into teachers’ views and beliefs about the factors 

influencing their practice should inform planning for improvement in science 

instruction in the early years and suggests this study could contribute to further 

research in this important area. 

Yamahashi, Yamaguchi, Kuroda and Inagaki (Japan) describe research carried out 

with 39 children aged 6-7 to investigate the characteristics of science picture books 

they liked. 50 books were read from a series called `My Body’ (one each day during 

the home-room period), covering a range of science content. Children were asked to 

rate the content, pictures and words for each book in turn using a four point Likert 

scale. The books with the highest scores in each category were then identified. To 

gain insights into the reasoning behind the high scores awarded in each case, children 

were asked to complete a questionnaire and the results analysed. In relation to the top 

scoring book for content, Toki (the Japanese Crested Ibis), children’s reasons for 

liking the content made reference to the life cycles of creatures, their pattern of life 

across the seasons, food chains and conservation. Reasons offered for the top score 

awarded to the book, Itachi (the Weasel), focused on the vivid and realistic depiction 

of the weasels. Explanations given for the highest score for words given to the book, 

Michi  (Roads), were that the story was easy to understand and that the words 

matched the pictures. This study reflects a growing interest in young children’s 

perspectives and recognition of the need to take account of these in planning learning 

experiences. Picture books are widely used in early years science education. The 

authors argue that the results of the study could be utilized in implementing and 

developing teaching approaches using picture books. 

Despite the variety of foci and methodological approaches used in the reviewed 

papers, they have a basic and deep similarity: their focus on the enhancement of 

science education for young children and a recognition of children's capabilities to 

engage actively in science learning. 

 

 

Esmé Glauert and Fani Stylianidou 
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PRESCHOOL CHILDREN UNDERSTANDING OF A PRECURSOR 
MODEL OF SHADOW FORMATION

Alice Delserieys1, Corinne Jégou1, Damien Givry1

1 EA 4671 - ADEF, Aix-Marseille Université - ENS de Lyon – IFE, Marseille, France

Abstract : The present work is part of a research study that addresses the question of conceptual 
understanding of science for young children (aged 5-6) and the relevance of science activities at an 
early age. The aim is to present situations that can enhance teaching efficiency in early science 
education to support the importance of science teaching in preschools. We present results that test 
the effectiveness of a teaching intervention about the formation of shadows in two French 
preschools (33 children). The aim of the teaching intervention is to destabilise children's 
representations to help them construct a precursor model that explains the formation of shadows. Its 
effectivness has been previously proved in Greece with teachers with a good awareness of research 
in science education. It was implemented with two French experienced teachers in their regular 
classroom organisation with 33 children in total. The analysis of children's ideas shows that the 
teaching intervention has a positive effect but differences remain in the progress of some children 
compare to others.

Key-words: Pre-school science, precursor model, shadow formation, children's ideas

BACKGROUND

There is a general agreement that science education should start as early as possible for all children 
(Eshach & Fried, 2005). The idea is supported by many communities, scientific or political. It is 
generally justified by the natural curiosity of very young children that favour scientific activities 
(Léna, 2009) and the influence of an early start on their future school career (Eurydice, 2009). 
However there is a large variety of early education settings for young children before reaching 
compulsory school. 

In France, the choice was made to define a structure for nursery school close to the model of 
elementary school to welcome pupils before compulsory school starts at the age of 6. As a result, 
most of French nursery school curricular goals are linked to the idea of providing young children 
with a first school experience and the development of social skills in a school environment.  Almost 
the entire population of children aged 3 to 5 are enrolled in a French nursery school. The French 
nursery school represent an exception in the sense that it is first and foremost seen as a real school 
(Brougère, 2002). As a matter of fact, the curriculum emphasizes the development of skills required 
for school, especially in terms of language skills (Garnier, 2009). Teachers are qualified to teach at 
any level of primary school (with children from 3 to 10 years old) with no specific specialisation for 
nursery education or science education. However, French nursery school, as many others around the 
world, has a curricula that do not give any significant place to scientific concepts or reasoning 
(Eurydice, 2009). It seems important to stress that point considering the interest for early science 
education already pointed out. We therefore note a strong contradiction between what is said about 
science education and what is offered to young children.

The present work is part of a wider research study interested in the question of conceptual 
understanding of preschool children in science education. The aim is to present strategies that can 
enhance teaching efficiency in early science education to provide an education for all children (e.g. 
give children opportunities to make their own ideas explicit, provide alternative solutions, explore 
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ideas through open-ended question) corroborating the importance of implementing science 
education in preschools. In this paper, we question the effectiveness of a teaching intervention about 
the formation of shadows in two French preschools. We base our analysis on children's ideas as 
defined by Givry and Roth (2006). According to these authors, the meaning expressed by the 
children can be reconstructed by the researchers through semiotic resources contained in language. 
In other words, children's ideas are defined using an analyses of their talk, gesture and use of salient 
elements of the situation. 

The teaching intervention used in this work is derived from a series of previous researches. It is 
based on a sociocognitive approach that combines results from social and cognitive psychology 
with results from research in science education (Ravanis & Bagakis, 1998; Ravanis, 2010). In 
particular, it is based on the idea that the learning process should take into account the knowledge 
previously acquired by children to help them develop a scientific thought of the phenomenon. In 
that sense, the concept of precursor model has been used by previous researchers to explore the 
construction of the physical world in young children's thought (Weil-Barais & Lemeignan, 1994 ; 
Ravanis, Christidou, & Hatzinikita, 2013). As such, the precursor model is seen as an intermediate 
entity, defined by the researcher, between children's first representation and the associated scientific 
model (Ravanis, 2010). It can be seen as a mental representation that serves as an explanatory 
model in accordance to the scientific discourse. In the case of this study, the scientific model is the 
linear propagation of light. Furthermore, previous researches highlight the interest of organised 
teaching strategies that focus on critical obstacles with the aim of overcoming these obstacles 
(Martinand, 1986; Ravanis, 2010). Finally, in this teaching intervention, learning is understood as a 
product of social interactions focusing on targeted concepts with the teacher playing a role of 
mediation and tutoring (Dumas Carré & Weil-Barais, 1998).

Considering the theoretical background defining the teaching intervention, we made the hypotheses 
that it would have a positive effect on children understanding of the precursor model of shadow 
formation in a 'regular classroom environment'.

Shadows are a natural phenomenon allowing children to built their own representation through 
everyday experience (Chen, 2009). According to Ravanis (1996), these representations generate a 
difficulty to identify non-transparent objects as obstacles to a light beam. Following this idea, three 
main obstacles and difficulties where identified (Ibid) : 1) explaining the phenomenon of shadow 
formation, 2) defining the position of the shadow according to the position of the light source and 
the object, 3) making the correspondance between the number of light sources and the number of 
shadows.

METHODOLOGY

The objective of this research is to identify if French 5-6 years old children are able to reach a better 
understanding of shadow formation following a teaching intervention defined in Greece (Ravanis et 
al., 2005). The aim of the intervention is to destabilise children's representations to help them 
construct a precursor model that explains the formation of shadows. The main feature of this model 
is the definition of this phenomenon as the result of the propagation of light being blocked by an 
object. Weil-Barais & Resta-Schweitzer (2008, p. 92) define it as the “interposition-source-object” 
model. According to these authors, children's ideas on shadow formation tend to be constructed 
with an enumeration of shadow properties (size, shape, colour, position). The aim is therefore to 
allow children to build a system of relations that identifies the shadow as the absence of light due to 
the interposition of an object. The effectivness of the teaching intervention has been previously 
proved in Greece (Ravanis et al., 2005). In that previous study, the teachers involved had a good 
awareness of research results in science education and worked collaboratively with the researchers. 
Moreover, the teaching intervention was implemented with small groups of children (2-3) (Ibid). 
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The teaching intervention was implemented in France in a 'regular classroom environment' which 
we define as a context close to the standard organisation of a French preschool class. As a result, it 
is assumed that the teachers involved did not have to change much of their habits in terms of class 
management during the teaching intervention. The aim of the study was to extend the first study 
conducted in Greece to test its external validity by a reproduction in another context. As a result, the 
sample was chosen to be comparable to the previous study. This included two main characteristics : 
(1) the teachers were experienced and involved in teacher education; (2) the children were in urban 
schools considered mixed in a socio-economic level. The two experimented teachers were informed 
about the teaching intervention and its theoretical underpinning with a written document. The 
different steps of the teaching intervention are provided in table 1. They implemented the teaching 
intervention with all the children of their class (33 children in total) within groups of 5 to 6 children. 
As a result, no selection of the children was made, but it was checked that their results in the pre-
test were comparable to the results of the children of the first study

Table 1 : 

Description of the Different Steps and Set-up of the Teaching Intervention on Shadow Formation

Steps Teacher's task

STEP 1
Destabilisation of 
children's representations

Provides a lamp and place a vertical object on the table
Asks each child to form a shadow with the lamp and to give an explanation
Focuses children's attention on where the object is lighted by the lamp and asks the 
children if the light can go through the object.

STEP 2

Construction of a 
precursor model 1

Asks children to predict the position of the lamp and the object to form a shadow at 
designated places. Children, then, form the shadow.
Brings the children to an agreement on the fact that the shadow is form on the other 
side than the lamp with respect to the object
Impossible task: Asks the children to form a shadow on the same side than the lamp 
with respect to the object, engages a discussion on why the task is impossible

STEP 3

Construction of a 
precursor model 2

Provides several lamps to the group (at least one per child)
Asks the children to form more than one shadow
Ask the children to predict the number of shadows with 2 lamps
Guide children in successively turning on and off the different lamps while predicting 
the results of these operations. The aim is to help children making the correspondence 
between the number of shadows and the number of lamps

Set-up of the teaching intervention

Equipment 5 to 6 lamps

A simple vertical object (such as a wide stick)

Duration 20 minutes

Classroom organisation Groups of 5 to 6 children sitting around a table

The research protocol includes pre and post interviews within two weeks of the teaching 
intervention (Ibid). The interviews are individualy conducted by researchers and consisted in three 
tasks aiming at collecting children's ideas:

- Task 1: Using sunlight, the researcher invites the child to observe the shadow of an object in the 
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classroom, then he asks him to describe and explain how shadows are formed.
- Task 2: The researcher places a lamp and an object in front of the child. He asks him to predict 
where there would be shadow if the lamp was lit and explain his prediction.
- Task 3: The researcher places two lamps and an object in front of the child. He asks him to predict 
where there would be shadow if the two lamps were lit simultaneously and explain his prediction.

33 children aged 5-6 are involved from two different schools. All three phases of the protocole are 
videotaped to collect data on children's talk, gesture and use of salient elements of the settings 
(Givry & Roth, 2006). For this study, only data from the interviews were analysed. In task 2, for 
exemple, a child's idea is reconstructed from what he says (“because you place the lamp on that 
side, there is the shadow on that side”), from his gestures (pointing out successively the lamp and an 
area on the table), and salient elements (the lamp and the area on the table with respect to the object 
'side').

RESULTS

Children ideas were categorised in three groups (sufficient, intermediate, insufficient) structured 
according to the precursor model defined previously. The answers were considered sufficient when 
the three elements of the system 'light source – object – shadow' (system L-O-S) were identified 
correctly. For example : “It is necessary to have sun, something and a shadow”. The intermediate 
category concerned the answers with only two elements of the system L-O-S. This category mainly 
occurred in the case of omission of the object, or omission of the light source in children answers. 
When the answers demonstrated no relation to any element of the system L-O-S, or when the 
relations were confused, the answers were considered insufficient. For example, a child associates 
the shadow with a dark area : “it (the shadow) is made with paint, with pens (points out a black 
pen)”. All results were treated statistically. 

Overall, the data analysis shows that French children progress in building a precursor model. In 
fact, 22 of 33 succeed in at least one of the three tasks. A test of independence, carried out for each 
task, demonstrates the effectiveness of the teaching intervention (Khi2 obs >> Khi2 th). To go 
further, we consider that the results from the Greek study can be used as a benchmark to assess the 
efficiency of the teaching intervention. Table 2 shows the frequency of responses of the two 
populations (French and Greek). An homogeneity test shows that, during the pre-test, the two 
populations are identical (Khi2 obs << Khi2 th). After the teaching intervention, the analysis of 
children’s responses to post-test shows more nuanced results. For tasks 1 and 3, the homogeneity 
test shows a difference between the frequency of Greek and French children’s responses (Khi2 obs 
>> Khi2 th). For task 2, the trend is reversed and the populations are getting closer (Khi2 obs < 
Khi2 th). 

In summary, the teaching intervention, implemented by experienced teachers in a 'regular classroom 
environment' has a positive effect on French children's attainment of the precursor model of shadow 
formation. However, the progress of French children is more pronounced for task 2 than tasks 1 and 
3.
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Table 2 :

Frequency of Answers of French and Greek Children

Pre-test Post-test

France (n=33) Greece (n=35) France (n=33) Greece (n=35)

Task 1 Sufficient

Intermediate

Insufficient

2

20

11

3

19

13

7

23

3

27

1

7

Task 2 Sufficient

Intermediate

Insufficient

2

2

29

1

7

25

15

2

16

26

0

9

Task 3 Sufficient

Intermediate

Insufficient

1

4

28

4

6

25

12

0

21

32

0

3

The analyses of the frequency of answers can be completed with an analysis in terms of progress 
(table 3). These results highlight the general progression of children in the study with a stronger 
progression of Greek children. 

Table 3

Frequency of Children that Demonstrate a Progression, a Stagnation or a Regression from the Pre-
test to the Post-test

France Greece

Task 1 Progress

Stagnation

Regression

13

20

0

26

9

0

Task 2 Progress

Stagnation

Regression

16

15

2

25

10

0

Task 3 Progress

Stagnation

Regression

11

20

2

28

7

0

However, a closer analysis of children answers allows us to give some elements to qualify the 
evolution of children ideas on shadow formation. In table 4, we present some characteristic answers 
of children in the first task. The example of task 1 presented illustrates the type of progression 
observed amongst the French children (children L, N, M3 ; table 4). During the pre-test, these 
children give explanations to the phenomenon of shadow formation that can be far from the 
scientific explanation or only related to binary relationships (Shadow-Object or Shadow-Light 
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source). During the post-test, the explanations given by these children are more structured and the 
progress is identified in the expression of a binary relationship (Child L: “shadow made with the 
pot”) or with a sufficient answer that relates the three elements of the system L-O-S. Even in the 
answers of children with no apparent progress (children A, M1), the words used seem more 
advanced in the post-test. Child A associates directly the shadow with the box in the pre-test. In the 
post-test, he introduces a connection between the presence of the object (a box) on the table and the 
presence of the shadow with a causal relation. Similarly, child M1 explains the presence of a 
shadow with the presence of light in the pre-test. In the post-test, the causal relation between light 
and shadow is still there, but he also mentions the relation of the shadow with the object with no 
direct relation between the three entities. This qualitative analysis emphasis the central role of 
language in science activities. In the context of pre-school the development of language even 
becomes a goal in itself (Eurydice, 2009).

Table 4

Examples of Children Answers During Task 1 of the Pre-test and the Post-test

Child Pre-test Post-test Progress

Researcher : “Can you explain how a shadow is made?”

L “it (the shadow) is made with paint, with pens 
(points out a black pen)”

“the shadow is made with the pot” Ins → Int

N Only capable of saying that he sees a 
shadow

“it (the shadow) looks like the pen pot (…) 
it is made with light and an object”

Ins → Suf

M3 “Something else than the pen pot is required 
but I don't know what”

“The shadow is made with light and with a 
pot”

Int → Suf

A “The shadow comes from the box” “If I remove the box, there is no more 
shadow and if I put the box, there is a 
shadow” (remove and place again the box 
on the table)

Int → Int

M1 Researcher : “Why is there a shadow?”
Child M1: “ because there is light”

Researcher : “What can you see here?”
Child M1: “It is the shadow of the box”
(...)
Researcher : “How is it made?”
Child M1 : “The light from outside, it 
comes in and it makes a shadow.”

Int → Int

B “Because here, there is sun (points toward the 
window) and if … When there is a thing, then, 
the sun, it is no longer there (indicates the 
position of the shadow of the object) because 
of the object.”

“Yes (turns the head toward the window). In 
fact, there is sun and then (takes the object in 
her hand) if this is removed (removes the 
object), there is still sun. If this is put back, 
there is a shadow.”

Suf → Suf

Note. Ins → Int: Insufficient to Intermediate, Int → Suf: Intermediate to Sufficient, Int → Int: Intermediate to 
Intermediate, Suf → Suf: Sufficient to Sufficient

DISCUSSION AND CONCLUSION

The implementation of a teaching intervention is a dynamic process that involves teachers 
interpreting and as a result modifying the intervention. As a result, it is necessary to analyse the 
activity of the teacher and each individual child in the teaching sequence to better understand the 
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significant progress of some children only and the better results for task 2 in the pre and post tests. 
Three hypotheses are highlighted in this article, in accordance with the theoretical underpinnings 
and first video analysis of the teaching interventions. First, the child relationship to the critical 
obstacle in the formation of shadows is influenced by their implication in solving an impossible task 
(forming a shadow in the same side than the light source with respect to the object). Secondly, the 
child relationship with the equipment provided and the experimental set up influence the way of 
apprehending the concept. Finally, the child relationship with language and interactions with others 
are seen as major in the study.

In the perspective of teacher's professional development, we can say that this work proposes a 
teaching intervention that can be implemented directly by preschool teachers. It shows that it is 
possible to introduce science concepts in early education with short and simple tasks. Moreover, 
such an activity does not require extended material, time or complex class management. However, 
the study highlights the limits of providing teaching resources with no further training. In particular, 
one of the implication of the study seems to indicate that teachers informed with research results in 
education, such as the group of Greek teachers involved in the first study, are more effective to 
build a precursor model on shadow formation with their pupils. In the case of the teaching 
intervention on shadow formation that we propose, we believe that there are two key elements. 
First, it is important for teachers to understand that the main objective is to help children to identify 
non-transparent objects as obstacles to a light beam. In that sense, the impossible task is seen as a 
way to focus pupil's attention on the object and the result of its interaction with light. Subsequently, 
the introduction of more than one light source engages children to identify a shadow and  its 
corresponding light source, still with respect to the object. Many teaching resources on shadows for 
very young children tend to involve children's own shadows with a focus on the shadow and its size 
with respect to the light source. When an object is involved, the focus tends to be put on the shape 
of the shadow depending on the nature of the object. Rather than focusing on shadow properties, the 
teaching intervention proposed here insists on the relations between three elements: light source, 
opaque object, shadow. Secondly, the system of interaction between knowledge, the teacher, the 
learner and the artefact may induce a change in teacher's practices that include a mediating role for 
the teacher (Lenoir, 2011). This involves a dimension where interactions teacher-learner and 
learner-learner play a major role when teacher and learners share the same intention: to get involved 
in learning processes (Dumas Carré & Weil-Barais, 1998). Such a mediating system requires 
teachers to 'go from a vision of transmitting knowledge to one of being a mediator' (Lenoir, 2011, p. 
113).

More generally, this study questions the place of research in teacher education and professional 
development and the role of research communities to share research results and work together with 
teachers communities (Johnson, 2006). The present study is based on a collaborative work between 
researchers and teachers to develop teaching material (Ravanis et al., 2005). The positive outcome 
of such collaborations have been highlighted by other studies that show the interest of research 
experiences for teachers (Lerman & Zehetmeier, 2008 ; Blanchard, Southerland, & Granger, 2009 ; 
Ostermeier, Prenzel, & Duit, 2010 ; Coppe & Tiberghien, 2010). Research work on the development 
of communities of practices (Fernandez, 2008 ; Lewis, Perry et Hurd, 2009) shows that such 
communities provided various interests. As such, a community of practice gives a place for 
reflexive analyses that are likely to favour evolution of teaching practices (Geudet & Lebaud, 
2013). While questioning teachers own convictions, it provides lasting factors for changes of 
practices (Ibid). An important aspect of collaborative researches is the didacticians’ activity which 
engage in researching, studying and documenting the development of the teacher’s practice, but 
also, at the same time, how research activity contributes to its development (Berg, 2010). This type 
of collaboration is also fruitful in initial teacher education (Berg & Grevholm, 2012) and seems to 
have a direct impact in classroom practices (Hunter, 2010). 
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Abstract: The innovations which have been occurring through recent decades in 

Information and Communication Technology (ICT) have awakened the interest of the 

educational community which in turn has felt the need to evolve in its theoretical areas and 

pedagogic practices. Especially the integration of ICT into preschool education has 

become a high priority for everybody involved in the learning process. The aim of this 

study is to investigate the preceding question: “Does Information and Communication 

Technology (ICT) help improve kindergarten students’ geometrical achievements 

regarding triangles?” The applied software consisted of a story and several activities with 

and without the use of computers. It was designed following the background of the van 

Hieles’ model for geometry concepts. The study dealt with kindergarten children in Crete, 

who were divided into two teams (experimental and control). The experimental group 

consisted of approximately 124 students who were taught about triangles with the support 

of computers. There were 126 students in the control group which were not exposed to the 

computer oriented curriculum. Students in both groups were pre-tested and post-tested for 

their geometry performance of triangles. The results of the study indicated that teaching 

and learning through ICT is an interactive process for children at the preschool level and 

has a positive effect for the teaching of triangles. 

Keywords: preschool education, ICT, geometry, triangles 

 

INTRODUCTION  

Teaching and learning in the 21st century requires new competencies, new cultures and 

new ways of experiencing teaching and learning as well as requiring motivation and 

specific strategies on the part of those involved in education. Educational researches, 

which have been occurring through recent decades, suggest that the mathematical 

difficulties students encounter later are connected with insufficient development of 

mathematical thinking in the early years (Van de Rijt & Van Luit, 1998; Zaranis & 

Kalogiannakis, 2011; Zaranis & Oikonomidis, 2009).  

International researches concerning the importation of computers in education show that it 

has positive results regarding the learning of different subjects (Druin & Fast, 2002; 

Finegan & Austin, 2002; Plowman & Stephen, 2003; Tsitouridou & Vryzas, 2004; Zaranis, 

2011; Zaranis, 2012). These technologies can therefore play an essential role in achieving 

the objectives of the kindergarten curriculum in all sectors and subjects if supported by 

developmentally appropriate software applications (Brooker & Siraj-Blatchford, 2002; 

Fischer & Gillespie, 2003; Haugland, 1999; Lee, 2009) embedded in appropriate 

educational scenarios (Fesakis & Kafoussi, 2009; Zaranis  & Kalogiannakis, 2011b). 

 

RATIONALE 

The theory of the van Hiele model deals specifically with geometric thought as it develops 

through five levels of sophistication under the influence of a school curriculum (Clements 
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& Battista, 1992; Zaranis, 2011). However, for the kindergarten level only the first two 

levels were used. In the Visual Level, students were to identify figures such as squares and 

triangles as visual gestalts. For instance, they might say that a figure is a rectangle because 

‘it looks like a door.’ In the Descriptive/Analytic Level, students were to identify shapes 

by their properties. For example, a student shows a rhombus as a figure with four equal 

sides. In this research, using the above theory for geometrical concepts, the model was 

suggested based on the first two van Hiele levels for the preschool level. In the first level, 

young students were introduced to comparison questions or to ‘what is this’ questions 

posed in a way to be meaningful for children. In the second level, students are expected to 

perform activities such as working with cutouts and tangrams.  

In the field of mathematics an evaluation of learning outcomes regarding computer based 

mathematical teaching in students showed that computer-assisted learning can significantly 

help in developing proper mathematical skills in comparison to the traditional 

mathematical teaching method (Clements & Sarama, 2002; Comaskey, Savage, Abrami, 

2009; Dimakos & Zaranis, 2010; Klein, Nir-Gal, & Darom, 2000; Lewin, 2000; Segers & 

Verhoeven, 2005; Zaranis & Tsara, 2008; Zaranis, 2011). The majority of studies 

examined the effects of various teaching on the geometric shapes (Bobis, et al., 2005; 

Dissanayake, Karunananda, & Lekamge, 2007; Gersten, Jordan, & Flojo, 2005; Howie & 

Blignaut, 2009; Starkey, Klein, & Wakeley, 2004; Trouche & Drijvers, 2010; Zaranis, 

2012; Zaranis, 2013). However, a small number of studies have found that in the 

kindergarten level various shapes are understood differently by students (Walcott, et al., 

2009; Wong, et. al., 2007). This research applies the van Hiele model to the use of ICT at 

the preschool level, in order to find out if this model can improve the knowledge of 

kindergarten children for triangles. 

Specifically, the present study will try to examine the following hypothesis:  

The students who will be taught triangles using non computers activities mixed with a 

series of software applications for the purpose of understanding the basic geometrical 

concept of triangles will have a significant improvement in comparison to those taught 

using the traditional teaching method according to the kindergarten curriculum. 

 

METHODS 

The present research was conducted in three phases. In the first and third phases, the pre-

test and post-test were given to the classes of the experimental and control groups 

respectively. During the second phase the teaching intervention was performed.  

Participants 

This research was conducted during the 2011-2012 school year in 18 public kindergarten 

classes located in the city of Rethymno (Crete, Greece) with approximately 250 

kindergarten children. There were two groups in the study, one control (n=126) and one 

experimental (n=124). In the control group there was not a computer available for the 

students’ use. The classes in the experimental group, in order to participate, were required 

to have a laptop computer for use by children as part of the teaching procedure. For the 

uniformity of the survey, instructions were given to the teachers who taught in the 

experimental or control groups.  

Procedure 

In the second phase, the control group taught with traditional teaching according to 
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kindergarten curriculum. Group and individual activities were given to children every day. 

The experimental group covered the concept of triangles at roughly the same time with 

computer and non-computer oriented activities based on the first two van Hiele levels. In 

the first level called the Visual Level, students were to identify figures from their shapes. It 

started with the educational software which was designed using Flash CS3 Professional 

Edition. It was a story about ‘The Family of Shapes’ (Figure 1 - left). Then a drawing 

activity was performed by the children in which the students drew the family of shapes 

(Figure 1 - right). Next the teacher asked the children to bring things from the class which 

look like triangles and asked questions like: ‘what is the shape of this set-square?’ etc. 

Then the teaching procedure included an activity where a child had to draw a shape from a 

bag and to find out the name of the shape without seeing it. After that, the students split in 

groups and each group had to construct a dog or a tree from a set of shapes (Figure 2 - 

left). Next a computer activity followed where the student had to recognize shapes and to 

choose the correct shape among triangles, circles, squares or rectangles (Figure 2 - right).  

 

              

Figure 1. First level: Mr Triangle of the “Family of Shapes” (left) - A child drawing Mr Triangle 

(right). 

              

Figure 2. First level: Children constructing a tree (left) - Children recognizing shapes (right). 

 

In the second level called the Descriptive/Analytic Level, students were to identify shapes 

by their properties. In this level we had a software activity in which the properties of each 

shape are represented and the children had to recognize a shape from its properties. Next, 

the children were separated into groups and made a shape with their bodies on the floor. 
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Then, they made fake cookies from plasticine and shared with other children (Figure 3 - 

right). Afterwards, the students played card games. There were two kinds of card games: 

the white cards with the properties of sides and the red cards with the properties of angles 

(Figure 4 - left). The cards had shapes on them and at the end the child who had the 

majority of cards was the winner. Finally, there were computer activities where the 

children had to recognize the shapes from their properties (Figure 4- right).  

 

              

Figure 3. Second level: Children recognizing properties of shape (left) - Children making fake 

cookies (right). 

     

Figure 4. Second level: The students played card games (left) and the designed software (right). 

Measures 

In the first phase, the pre-test was given to the children during the beginning of December 

2011. The test was based on the model proposed by Allan Hoffer (1981) and the research 

of Clements, Swaminathan, Zeitler – Hannibal and Sarama (1999). Due to the young age 

of the students, the pre-tests were administrated individually to each student like an 

interview. The test consisted of ten pencil-and-paper tasks in which the children were 

asked to "mark each of the shapes that is a triangle" (Figure 5). Each task had a weighted 

grade that was computed from the student's answers. Particularly, for each correct answer 

the student was given one grade and lost one grade for each incorrect. Scores were 

computed and the scale used to measure the scores for triangles is based on a scale from 0 

to 52.  
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During the third phase of the study, after the teaching intervention at the beginning of 

March 2012, the same test (post-test) was given to all students to measure their 

improvement. 

            

Figure 5.  Student marks shapes 

Research Design 

The present research was a quasi-experimental design with one experimental and one 

control groups. Eighteen kindergarten classes from Rethymno participated in this study. 

From these classes, we randomly assigned nine classes to the control group and the 

remaining nine classes were assigned to the experimental group. Therefore, the control 

group had 126 children and the experimental group had 124 children. 

 

RESULTS 

The results of our research show that teaching and learning through ICT is an interactive 

process for children at the preschool level. The pre-test and post-test were taken by 250 

students. Analysis of the data was carried out using the SPSS (ver. 19).  

The descriptive statistics for students’ scores are presented in Table 1. Observing the 

values of the Table 1, we notice that students scored higher for after receiving the 

intervention than before receiving it. Moreover, after the teaching intervention the post-test 

mean score of the control group was lower than those in the experimental group (Table 1).   

 

Table 1 

Descriptive statistics for students’ scores of experimental and control groups 

 Pre-test Post-test 

Group M SD Μ SD 

Control 33.96 6.68 35.75 7.07 

Experimental 32.98 7.41 39.06 6.04 
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Before conducting the analysis of ANCOVA on the students’ post-test scores for 

triangles to evaluate the effectiveness of the intervention, a check was performed to 

confirm that there were no violations of the assumptions of homogeneity of variances 

(Pallant, 2001). The result of Levene’s test when pre-test was included in the model as a 

covariate was not significant, indicating that the group variances were equal, F(1, 248) 

= .07, p = .79; hence the assumption of homogeneity of variance was not been violated.  

After adjusting the scores for triangles in the pre-test (covariate), the following results 

were obtained from the analysis of covariance (ANCOVA). A statistically significant 

main effect was found for type of intervention on the post-test scores for triangles, F(1, 

246) = 16.273, p < .001,  η
2
 = .168 (Table 2); thus, after the teaching intervention the 

experimental group performed significantly higher in the post-test than the control 

group.  

 

Table 2 

Comparison of student scores in post-test: ANCOVA analysis. 

Sources 

Type III Sum of 

Squares df 

Mean 

Squares F Sig. 

Partial Eta 

Squared 

Pre-test 4316.953 1 4316.953 167.248 .000 .062 

Group 420.032 1 420.032 16.273 .000 .168 

Error 6349.689 246 25.812    

 

Results of this study expand the research on the effects of appropriate programs embedded 

in a computerized environment as a tool for visualization and mathematical reasoning 

(Clements & Sarama, 2002; Dimakos & Zaranis 2010; Lewin, 2000; Starkey et al., 2004; 

Trouche & Drijvers, 2010; Zaranis & Kalogiannakis, 2011; Zaranis, 2011). 

 

DISCUSSION AND CONCLUSION 

Our research reveals ICT applied in Greek preschool education and explores this use of 

ICT for geometry education. Specifically, this study investigates the impact of educational 

intervention using designed mathematics activities and software based on the van Hiele 

model, for the purpose of teaching triangles. The aforementioned findings support our 

hypothesis that the students that were taught triangles with educational intervention had a 

significant improvement compared to those taught using the traditional teaching method 

according to the kindergarten grade curriculum. Our results overlap with the results of 

other analogous studies which indicate the positive effects of a computer based-model of 

teaching geometry (Bobis et al., 2005; Dissanayake et al.,2007; Howie & Blignaut, 2009; 

Walcott et al. 2009; Wong et. al., 2007; Zaranis, 2012; Zaranis, 2013). Therefore, our 

hypothesis was confirmed.  

The current findings add to a growing body of literature supporting the effective role of 

educational software in kindergarten education and more specifically in mathematics. 
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Furthermore, the computer-assisted educational procedure revealed an extended interest 

for the tasks expected of the students which transformed the entire learning process into a 

thorough, stimulating and independent learning environment thus reinforcing previous 

research conclusions (Druin & Fast, 2002; Fesakis & Kafoussi, 2009; Haugland, 1999; 

Lee, 2009; Lewin, 2000; Zaranis & Kalogiannakis, 2011b; Zaranis & Oikonomidis, 2009; 

Zaranis, 2011). 

Moreover, the results of the study agree with other researches supporting the effective role 

of educational software in education and more specifically in mathematics (Fischer & 

Gillespie 2003; Gersten et al., 2005; Zaranis & Kalogiannakis, 2011; Zaranis & Tsara, 

2008). Furthermore, the undertaken computer assisted educational procedure revealed an 

extended interest for the tasks involved from the part of the students which transformed the 

whole procedure into a thorough, focused, quiet, independent learning environment 

reinforcing previous research conclusions (Brooker & Siraj-Blatchford, 2002; Clements & 

Sarama, 2002; Comaskey et al., 2009; Finegan & Austin, 2002; Fischer & Gillespie, 2003; 

Klein et al., 2000; Segers & Verhoeven, 2005). However, as the study was of small scale 

and context specific, any application of the findings should be done with caution. 

Results of this study tend to confirm that the use of ICT in kindergarten education is not a 

panacea and researchers ought to more deeply study the complex pedagogical issues 

involved in the application of ICT in a learning environment. We argue that a change is 

necessary so that an innovative teaching method can be successful, not only concerning 

materials, but also concerning approaches and beliefs. 
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Abstract: The Center for Science Education and Training in Bucharest is partner in 

the FP7 funded project “Creative Little Scientists”, which aims to bring together 

creativity and science and mathematics in preschool and first years of primary 

education (up to the age of eight), from the point of view of the inquiry-based science 

education (IBSE) approach. The present contribution analyses the Romanian national 

policy on science teaching in Early Education as depicted in official documents. A 

previous literature review and the “Conceptual Framework” propose by the project 

team provided the background for the definition of the “List of Mapping and 

Comparison Factors” which reflect keys features associated to creativity development. 

The paper reports on the investigation of three such factors: “aims and objectives”, 

taught “content” and “learning activities”. The study indicates that creativity is barely 

mentioned in official documents and it is not as a focus of educational efforts. 

Nevertheless, some components embedded into inquiry-based practice can be found 

in the official documents (the role of questioning: children running investigations/ 

experiments; children attempting to provide explanations; the role of observation; pair 

and group work; encouragement of autonomous learning; problem solving approach; 

children expressing their own ideas; the use of various form of data recording; 

different approaches for results communication). 

Keywords: creativity, Early Education, education policy, inquiry-based science 

teaching, science education 

 

INTRODUCTION 

Creativity is defined in various ways according to the considered discipline or to the 

circumstance of the discourse:  

 “Creativity is a phenomenon whereby something new and valuable is created” 

(http://en.wikipedia.org/wiki/Creativity). 

“Creativity is defined as the tendency to generate or recognize ideas, alternatives, or 

possibilities that may be useful in solving problems, communicating with others, and 

entertaining ourselves and others.” (Franken, 1982, pp. 396). 

“Creativity is any act, idea, or product that changes an existing domain, or that native 

transforms an existing domain into a new one… What counts is whether the novelty 

he or she produces is accepted for inclusion in the domain.” (Csikszentmihalyi, 1996, 

pp. 28). 

“Creativity is the ability to find new solutions to a problem or new modes of 

expression; thus it brings into existence something new to the individual and to the 

culture.” (Edwards, 1999, pp. 203). 
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On the other side, “creative thinking is the generation of new ideas within or across 

domains of knowledge, drawing upon or intentionally breaking with established 

symbolic rules and procedures.” (http://accreditation.ncsu.edu/critical-creative-

thinking-definitions). 

When it comes to education, creativity can be linked to two aspects of the process: 

teaching creatively and teaching for creativity development. Both demarches have to 

consider several factors affecting individual creativity (CREATIVE LITTLE 

SCIENTISTS, 2012a): cognitive factors (intelligence, knowledge, ability to 

recognize, facility in generating many ideas, flexibility against change, capacity to 

combine and reorganize knowledge, divergent thinking, capability to identify, 

formulate and reorganize problems), conative factors (the role of motivation and 

emotions, perseverance, risk taking, openness to new experiences, individuality, 

tolerance for ambiguity), environmental factors (physical/ social/ cultural).  

Considering this context, the project Creative Little Scientists is trying to investigate 

from official perspective and considering teachers perceptions, believes and practice 

the connection which can be drown between creativity development and science and 

mathematics education, in preschool and first years of primary education (up to the 

age of eight), from the point of view of the inquiry-based teaching and learning 

approach. 

The project investigation started with four literature reviews (on science and 

mathematics teaching in early years, creativity in education in early years, teachers’ 

education and training, comparative education) in order to define the “Conceptual 

Framework” (CREATIVE LITTLE SCIENTISTS, 2012b) to be used along the 

project lifetime as a methodological frame and the foundation of the research 

questions to be answered. The literature reviews and the “Conceptual Framework” 

provided the background for the definition of the “List of Mapping and Comparison 

Factors” which reflect keys features associated, according to the project team 

approach, to creativity development and inquiry-based teaching and learning (IBT & 

IBL). These factors were grouped as follows (CREATIVE LITTLE SCIENTISTS, 

2012c): 

Aims/purpose/priorities: rationale or vision: Why are children learning? aims and 

objectives: Toward which goals are children learning?  

Teaching, learning and assessment: learning Activities: How are children learning? 

pedagogy: How is the teacher facilitating learning? assessment: How is the teacher 

assessing how far children’s learning has progressed, and how is s/he using this 

information to inform planning and develop practice?  

Contextual factors:  

Curriculum-related: content: What are children learning? location: Where are 

children learning? materials and Resources: With what are children learning? 

grouping: With whom are children learning? time: When are children learning?  

Teacher-related: personal characteristics; general education and training; work 

experience; science and mathematics knowledge, skills and confidence; initial teacher 

education; continuing professional development. 

RATIONALE AND PURPOSE 

One of the tasks assumed in the Creative Little Scientists project was to review 

national educational policies in early years (from 3 to 8 years old) relevant to 
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creativity development, in the context of science and mathematics teaching. The 

findings of this research, carried out at country level, has to be evaluated in relation 

to: the literature review on scholarly works in the field, the outcomes of a national 

survey focused on teachers believes and perceptions of the subject, and the results of a 

field research, aiming to spot in Romanian teachers lessons examples of best practices 

on creative teaching and teaching for creativity.   

Considering the extension and the complexity of the studies accomplish through this 

project, the present paper focuses only on the aspects referring to “aims and 

objectives”, taught “content” and “learning activities” factors, trying to picture how 

those factors reflect the role of creativity in the Romanian Early Education, and to 

underline the existing tensions and limitations.  

METHOD 

The project team defined specific rubrics to be filled in by each partners in relation to 

the classification of policy documents studied and summarized in the country report 

on national policy. The investigated documents reviewed cover the 2000 o 2012 

interval. The entries considered for these rubrics were: country/ region; year the 

document was issued; document full name; authoring organization, its type and status 

(governmental, local, independent body, NGO, etc.); children aged to which the 

document is bonded; availability of the document (printed/ e-format, country or 

English language); few lines on the document contents; classification of the document 

according to the predefined list of mapping and comparison factors; status of the 

document (mandatory/ acting as guiding material); the period to which the document 

is acting (emerging/ current/ past). 

As general rules for all partners, the educational policy analysis has to follow several 

criteria and recommendations (CREATIVE LITTLE SCIENTISTS, 2012d, pp. 8): 

“Policy needs to be interpreted in relation to its national context, history and political 

and economic climate. Different purposes and intended audiences [have to be 

considered]? What [is] not said often as important as what is said? Limitations of 

focusing on Word Frequency analysis [carefully exploited]: explicit use of word 

creativity in policy will not necessarily be reflected in opportunities for creativity in 

approaches advocated, alternatively while the word creativity may not be mentioned, 

opportunities may be evident in policy guidance - need to examine implicit and well 

as explicit links to creativity. Issues of subjective interpretation – while it is 

straightforward to undertake a word count, judgments in more general terms about 

how far approaches in policy provide a role for creativity are more subjective – need a 

common framework to support analysis. Policy is articulated across multiple 

documents: [care in selecting] ...... which ones to focus upon? Tensions across 

different policy documents – need therefore for example to make comparisons across 

documents related to curriculum content, pedagogy and assessment.” 

The desk research, completely based on Internet-located documents, focused on the 

following categories of official documents which were used to answer rubrics items: 

different versions of the Law of Education; laws and projects of laws concerning pre-

university education; orders of the Minister of Education; school curricula and 

pedagogical methodologies on science, mathematics, technology and development of 

practical skills, environment and/or health education; official documents and 

recommendations on teachers’ competences and their training programs; teaching 

plans and curricula on ITE and master degree programs on education from major 

accredited providers; best practice guides for teaching science, mathematics and 
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ecology; strategic plans for the development of specific educational segments; 

recommended evaluation standards and norms; national reports on the educational 

system situation; European reports concerning pre-university education in which the 

Romanian educational system is presented/ analyzed; several scholar papers analyzing 

the pre-school or primary education. Overall, more than 100 such documents were 

examined, the significant ones being listed in the “References” section. 

The investigations tried to locate in the studied literature ideas and statements which 

can offer answers to as many factors as possible. All the assertions are based on 

official declarations, their sources being indicated in each case. Wherever there is not 

an explicitly articulated answer to the suggested question, similar formulations to 

those expressed in the question or for some more or less implied ideas/ strategies/ 

solutions at policy level were indicated. 

RESULTS 

Aims and Objectives 

Question to be answered 

The question related to ”Aims and Objectives” of science and mathematics education 

in early years, as it emerged from the literature review and conceptualized by the 

project team is: ”What views are indicated [in the official documents] about the 

importance of the following Science learning outcomes?”. The possible answers 

suggested by the project team are: to know and understand the important scientific 

ideas (facts, concepts, laws and theories); to understand that scientists describe the 

investigations in ways that enable others to repeat the investigations; to be able to ask 

a question about objects, organisms, and events in the environment; to be able to 

employ simple equipment and tools, such as magnifiers, thermometers, and rulers, to 

gather data and extend to the senses; to know and understand the important scientific 

processes; to be able to communicate investigations and explanations; to understand 

that scientific investigations involve asking and answering a question and comparing 

the answer with what scientists already know about the world; to have positive 

attitudes to science learning; to be interested in science; to be able to plan and conduct 

a simple investigation; to have positive attitudes to learning; to understand that 

scientists develop explanations using observations (evidence) and what they already 

know about the world (scientific knowledge); to be able to collaborate with other 

children. 

Key summary points 

“The guide for good practice in early education of children between 3 and 6/7 years” 

developed for the Ministry of Education by the Unit for the Management of Projects 

Dedicated to Pre-university Education underlines some objectives of Early Education 

of interest to this report (Ministry of Education, Research and Youth, 2008a): “the 

cognitive development reflecting child abilities: to understand relations between 

objects, phenomena, events and persons, which transcend the physical characteristics; 

to  solve problems based on logical thinking”; “the development of knowledge and 

understanding of the world (mathematical representations); the understanding of the 

living world; the knowledge of the scientific methods”. 

At primary school level, objectives of interest related to science and mathematics 

teaching can be summarized as follows: to assist children to elaborate hypothesis 

concerning scientific processes (Ministry of Education, Research, Youth and Sports, 
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2001); to formulate questions related to things (Ministry of Education, Youth and 

Sports, 2007) or phenomena (Ministry of Education, Research and Youth, 2003a) they 

observe in the surrounding world; to observe and interpret natural processes; to 

investigate and to interpret the dependences existing inside and between biological, 

chemical and physical systems (Ministry of Education, Research, Youth and Sports, 

2001; Ministry of Education and Research, 2005); to infer in an appropriate manner 

events succession (Ministry of Education, Research, Youth and Sports, 2001) and to 

highlight the patterns observed based on measurements they are carrying (Ministry of 

Education, Research, Youth and Sports, 2001); to apply scientific procedures in their 

own activities (Ministry of Education, Research, Youth and Sports, 2001) and to solve 

problems (Ministry of Education, Research, Youth and Sports, 2012a); to run simple 

experiments based on given hypothesis (Ministry of Education, Research, Youth and 

Sports, 2001); to learn to use various techniques, materials and tools (Ministry of 

Education, Research and Youth, 2003b); to plan the development of some products 

(Ministry of Education, Research, Youth and Sports, 1998a; Ministry of Education, 

Research and Youth, 2004a); to train children to take group responsibility (Ministry 

of Education, Research and Youth, 2004a), to work in groups (Ministry of Education, 

Research, Youth and Sports, 2002); to cooperate (Ministry of Education and 

Research, 2005); to help students to engage themselves into discussions which can 

help them to discover the core of scientific phenomena (Ministry of Education, , 

Research and Youth, 2003a), to understand and use mathematical concepts (Ministry 

of Education and Research, 1998b; Ministry of Education, Research and Youth,. 

2004b; Ministry of Education, Research and Youth, 2003c), and concepts/ 

terminology specific to natural sciences (Ministry of Education, Research and Youth, 

2004c); to bring science education closer to scientific community’s activities 

(Ministry of Education, Research, Youth and Sports, 2001). 

Role of creativity 

As a more general objective, the primary curriculum for the study of the environment 

targets the development of children curiosity by involving them into exploring 

activities (Ministry of Education, Research and Youth, 2003a).  

Main differences between preschool and school 

The national curriculum for ICT dedicated to pre-school level, launched in 2012 for 

the first time, encourages children to express their opinions in relation to various 

contexts where ICT is used and to assist, during such activities, less experienced 

colleagues (Ministry of Education, Research, Youth and Sports, 2012b).  

The curriculum for the pre-school education aims to support the aesthetic and creative 

fields by offering support for processes such as building, composing and inventing 

(Ministry of Education, Research and Youth, 2003c). 

Differences between science and mathematics 

At primary school level, children are assisted to develop their own capability to 

express results of an investigation/ experiment by employing mathematical language 

(Ministry of Education and Research, 1998b). 
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Content  

Questions to be answered 

The first question related to the taught ”Content” for sceince and mathematics 

education in early years, as it emerged from the literature review and conceptualized 

by the project team is: ”How are Science and Mathematics presented as learning 

domains?”. The identified approaches are: as its own learning area; encompassed 

within other social sciences (e.g. geography); encompassed within more general 

understanding. 

The second question of interest is: “What are the key Science and Mathematics 

topics/strands/themes?”. 

Key summary points 

In the first half of XX century the last decade, the primary and secondary school 

curricula were designed on a subject-center approach; the syllabus addresses in most 

cases subjects separately, without emphasizing their inter-dependency. It was not a 

“unitary and coherent curriculum (both on a synchronic and diachronic basis)” 

(OECD, 2000). These conflicts were only partially solved by the “interim” curriculum 

developed between 1992 and 1997. Starting from 1997 the National Curriculum 

Board decided on the design of a ”new coherent and flexible methodology for 

planning, developing, implementing, evaluating and reviewing the new curriculum” 

(OECD, 2000). In this approach, an integrated curriculum (including  the so called 

frame-plan – “plan-cadru”; school planning programs – “programe scolare”; school 

manuals; methodological guides; materials and portfolios) addressing different 

subjects, representing a balance between the compulsory national curriculum (at a 

level of 70%) and the curriculum which can be set by the school (the rest of 30%), 

was planned.  The next step in imposing the new type curriculum was marked in 

1998/1999 when specific curriculum areas were defined, in an integrated style, 

encouraging cross-curricular and interdisciplinary educational activities (OECD, 

2000). 

According the national curriculum, science teaching is an “integrated subject”, 

contextual aspects (to reflect “contemporary and societal issues”) in science teaching 

are recommended, and discussions on everyday life and society related subjects are 

prescribed (European Commission, 2006). 

Role of creativity 

Science learning has the tasks (OECD, 2000; Iucu, Manolescu, Ciolan, & Bucur, 

2008a): to stimulate the child creative potential and to form the motivation to learn; to 

develop creativity and to stimulate autonomy. 

Mathematics teaching must encourage the development of curiosity towards 

phenomena/ relations/ patterns present in child’s environment (Ministry of Education, 

Research, Youth and Sports, 2012c).  

Main differences between preschool and school 

At pre-school level, science and mathematics are studied together in a holistic 

approach, as it is expected to raise students’ interest and help them in the learning 

process (Ministry of Education, Research, Youth and Sports, 2012d). 
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In science learning pre-school children are taught (UNESCO, 2006; Ministry of 

Education, Research and Youth, 2009a; Ministry of Education, Research and Youth, 

2009b): through six integrated activities (Who am I? Who are we? When, how and 

why things happened? How we plan and organize an activity? How and by what 

means we express what we feel? What and how I would like to be?); to create simple 

objects by using materials, instruments and techniques specific to their age; to use the 

basic functions of a computer or other digital devices; to operate simple procedures 

and instruments to explore and create digital contents in audio/ video format. 

Differences between science and mathematics 

For the primary education, if mathematics and environment exploration (or natural 

sciences) are taught together, mathematical concepts can be perceived by the learner 

in their concrete form, bound to applications, and more accessible (Ministry of 

Education, and Research, 2005; Ministry of Education, Research, Youth and Sports, 

2012a).  

The study of mathematics has to assist children (Ministry of Education, and Research, 

1998b): to understand and to use mathematical concepts; to develop their capability to 

explore and to investigate, in order to solve problems; to develop their ability to 

communicate and to explain results using mathematical terms. 

Learning Activities  

Questions to be answered 

In the context of ”Learning activities”, on the first place comes: ”What activities are 

encouraged?”. The possible answers suggested by the project are: observe natural 

phenomena such as the weather or a plant growing and describe what they see; ask 

questions about objects, organisms, and events in the environment; design or plan 

simple investigations or projects; conduct simple investigations or projects; employ 

simple equipment and tools to gather data and extend to the senses; use data to 

construct reasonable explanations; communicate the results of their investigations and 

explanations. 

Secondary, the study has to identify answers to: “What is the emphasis, if any, on the 

role of Creativity in the following activities? with possible outcomes: observe natural 

phenomena such as the weather or a plant growing and describe what they see; ask 

questions about objects, organisms, and events in the environment; design or plan 

simple investigations or projects; conduct simple investigations or projects; employ 

simple equipment and tools to gather data and extend to the senses; use data to 

construct reasonable explanations; communicate the results of their investigations and 

explanations. 

Key summary points 

Learning activities related to science teaching have to provide to children 

opportunities to interact with the natural world in various contexts (by observing, 

questioning, manipulating objects and information, measuring) (Ministry of 

Education, Research, Youth and Sports, 2001; Ministry of Education, Research and 

Youth, 2003a); to plan and to run simple experiments starting from his/ her own 

hypothesis or from instructions or a working plan (Cerkez, Singer, Oghina, Sarivan, 

Capita, & Ciolan, 1999; Ministry of Education, Research and Youth, 2004c; Ministry 

of Education and Research, 2005; Ministry of Education, Research, Youth and Sports, 
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2007); to develop project like activities; to handle/ manipulate toys, objects, materials 

and simple tools/ equipments/ instruments (Ministry of Education, Research, Youth 

and Sports, 2001; (Ministry of Education, Research and Youth, 2003b); to develop 

simple working models and  mock-ups; to use of ICT techniques as instrument for 

learning and knowledge acquisition (Ministry of Education, Research, Youth and 

Sports, 2012a); to perform measurements with “available conventional and non-

conventional instruments” (Ministry of Education, Research and Youth, 2003c; 

Ministry of Education, Research and Youth, 2004c), employing “standard and non-

standard units” (length, mass, capacity, time, monetary values) in various context 

(Cerkez et al., 1999; Ministry of Education, Research and Youth, 2004b); to engage a 

dialog on simple science related issues (Cerkez et al., 1999) and to describe in oral 

and graphic format their ideas and to communicate results to others, (Ministry of 

Education, Research, Youth and Sports, 1998a; (Ministry of Education and Research, 

1998b; Ministry of Education, Research, Youth and Sports, 2001; Ministry of 

Education, Research and Youth, 2004c). 

Science teaching will assist children in building competences for data handling (data 

collection, sorting, and classification based on some given criteria), to support the 

results of their investigations and offer explanations, by using tables (Ministry of 

Education, Research, Youth and Sports, 2001; Ministry of Education, 2004b; Ministry 

of Education, Research, Youth and Sports, 2007), these activities being 

complemented by the search of additional information to solve specific problems 

(Ministry of Education, Research, Youth and Sports, 2012a). 

Children will be trained to understand and to use specific terms in order to 

communicate/ report their findings/ observations in verbal or written format, in a 

figurative manner if appropriate, by offering concrete examples to illustrate their 

results (Ministry of Education, Research, Youth and Sports, 2001; Ministry of 

Education, Research and Youth, 2003a; Ministry of Education, Research, Youth and 

Sports, 2007). 

Role of creativity  

Activities related to the initiation and implementation of creative investigations, 

starting from a suggested subject, are supported by science teaching (Ministry of 

Education, Research, Youth and Sports, 2001). 

Main differences between preschool and school 

The approaches in pre-school education in most of the cases are simplified 

expressions of  those prescribed for primary science teaching, with an emphasis on: 

recognizing natural phenomena and processes in real situations or in images, 

reproducing them by drawings and story telling; learning to identify components of 

the real world (air, water, soil, vegetation, fauna) and distinguish their interactions; 

noticing the changes produced in the life of humans, animals and plants by seasons 

alternation; identifying senses and using them to explore the world (Ministry of 

Education, Research and Youth, 2008b; Ministry of Education, Research, Youth and 

Sports, 2012d); development of small scale projects based on measurements (using 

standard and non-standard units, comparing the results, ordering objects based on the 

measurements), projects used to present in a structured manner the results of their 

findings (Ministry of Education, Research, Youth and Sports, 2012d); the use, under 

safety conditions, of simple instruments or equipments, accompanied by data 

recording and the presentation/ discussion of results, along with the investigations of 
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other information sources (Ministry of Education, Research and Youth, 2008b); 

delivery of some explanations based on logical elements  and the organization of 

results for problem solving (Ministry of Education, Research, Youth and Sports, 

2012d); manipulation of some ICT resources and their applications in the learning 

process and to carry out investigations/ explorations (Ministry of Education, 

Research, Youth and Sports, 2012b). 

DISCUSSION AND IMPLICATIONS 

From the beginning, by analyzing the project’s “Conceptual Framework”, “List of 

Mapping and Comparison Factors”, and the list of questions which have to be 

answered by scanning the Romanian policy documents accounting for science and 

mathematics in relation to early education and creativity development it is obvious 

that the information addressing basic concepts acting as pillars of the 

“CreativeLittleScientists” project is poorly represented in Romanian official 

documents. The main conclusions of the research, referring to the three factors 

discussed in this paper, can be summarized as: 

a) A change appeared in approaching science and mathematics as they are planned to 

be taught in pre-school and primary school.  Generally, science and mathematics 

are proposed as a common body of knowledge, mathematics being more 

applicative, closer to the real life situations. 

b) The studied documents have no focus on inquiry-based teaching. Applying this 

method in science and mathematics teaching will be a difficult endeavour, as far as 

Romania is not prepared even conceptually for it. Nevertheless, some components 

embedded into inquiry-based practice can be found in the official documents (the 

role of questioning: children running investigations/ experiments; children 

attempting to provide explanations; the role of observation; pair and group work; 

encouragement of autonomous learning; problem solving approach; children 

expressing their own ideas; the use of various form of data recording; different 

approaches for results communication). Of course, these are the seeds of a true 

inquiry-based model, but suggestions for such implementation of science and 

mathematics teaching are very few and scattered over a lot of school curricula and 

pedagogical methodologies, guides, teaching plans, best practice guides for 

teaching science, mathematics and ecology, strategic plans etc. There is no single 

document or collection of documents addressing unitarily IBT principles and 

methodology. In any case, the experiment/ investigations are mentioned in the 

documents but are rarely encountered in school life. 

c) Science and mathematics education do not target the formation of future scientists 

and engineers; it is directed towards the education of a knowledge and aware 

citizen, able to understand the surrounding world.  

d) The use of simple tools, devices and equipments is encouraged. Much supported is 

the employment of computers and digital devices starting from early age. 

e) Integrating science and mathematics with other disciplines and outdoor activities 

have to become a usual practice. 

f) It is worth to mention that the theme of building knowledge on child prior 

experience is advocated in several documents.   

g) Project- and problem-based learning is widespread recommended as science 

teaching methods.  
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h) Through this study, a coherent review of the educational system “in use” as 

compared to European and international trends is available to Romanian 

educational policy makers. The project outcomes will help a more structured 

development of science and mathematics education in early age. The set of 

documents provides also the fundament for a sustained promotion of IBSE 

principles and practices in Romania. 

i) Creativity is barely mentioned and not as a focus of educational efforts. No 

reference to creative teaching, creativity development of children or learning for 

creativity was found.  

The complex and quasi-complete radiography of the Romanian educational system as 

perceived through the science and mathematics teaching/ education for creativity/ 

inquiry-based education objective could become a reference document for the 

evolving Romanian educational landscape. 
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GRADES USING CULTURAL HISTORICAL ACTIVITY 

THEORY (CHAT)  
 

Xarikleia Theodoraki and Katerina Plakitsi 

University of Ioannina, Greece 

 

Abstract: This research is part of a funded PhD Thesis, which connects Science 

Education with the Cultural Historical Activity Theory (CHAT). It is an innovative 

case study in the field of Science Education, focusing on designing and analyzing of a 

range of tasks on magnetism and on buoyancy, according to CHAT. The methodology 

used is based on interactive systems of Engeström. This paper focuses on data 

collection, and on categorizing and processing collected data. Our data are processed 

by using qualitative data analysis software (tools) (Nvivo), which allows us to classify, 

sort and arrange information; examine relationships in the data; and combine analysis 

with CHAT methods. The findings of the study suggest ways of expanding the 

boundaries of Science Education in the early grades and improve the learning 

environment in the field of Science Education. This research has been co-financed by 

the European Union (European Social Fund – ESF) and Greek national funds through 

the Operational Program "Education and Lifelong Learning" of the National Strategic 

Reference Framework (NSRF) - Research Funding Program: Heracleitus II. Investing 

in knowledge society through the European Social Fund.  

Keywords: Activity Theory, science education, qualitative data, magnetism, 

buoyancy.  

 

INTRODUCTION AND THEORETICAL FRAMEWORK  

This paper contributes to the dissemination of Cultural, Historical Activity Theory 

(CHAT) in Science Education in Europe. Activity Theory or Cultural, Historical 

Activity Theory (CHAT) provides an interactive platform for researchers working in 

interdisciplinary fields of cultural studies in Sciences Education. This paper aims to 

explore the role of Science Education in the early grades using CHAT. It is an 

innovation following the socio-cultural shift in Science Education, which is supported 

by scientists from California, Finland (Engeström 2005), Greece (Plakitsi, 2008) and 

Canada (Roth et al, 2013). 

 

Rationale  

The modern socio-cultural learning environments, both seek a more direct 

involvement of pupils in the educational process as well as the safest and most 

flexible engagement of teachers in it. Pupils are trained to interact with other pupils, 

and other members of the educational community, so as to develop new skills such as 

cooperation, critical thinking and understanding of scientific concepts and  
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phenomena. Development of those skills requires changes in traditional learning 
environment. Our research seeks to promote all those modern aspects in the field of 
Science Education. The influence of socio-cultural theories, pursue successful science
teaching to children aged 5-9 years with the aim of scientific literacy (Goulart & 
Roth, 2010). Observations in classrooms in recent years have shown that pupils do not
understand the scientific concepts of physics, creating many misconceptions that have
an impact in solving everyday problems. 

Purpose

The purpose of our study is to educate pupils using CHAT to be able to separate 
magnetic and non-magnetic materials and solids in those that float and sink in water. 
We also want pupils to approach experimentally, historically and culturally magnetic 
phenomena and to develop communication techniques and critical thinking on issues 
of Science Education. The tasks that we have organized have been developed in 
accordance with national and European strategy for education. Our research tries to 
design and analyze scientific concepts, for the early grades (5 to 9 years old).  We will
also try to explore how we can understand and interpret different activities (tasks), 
using qualitative data, how we could design activities (tasks) of Science Education 
using CHAT, which are the reasons why early grades are a fruitful field for analyzing 
CHAT, how we can gather and analyze qualitative data.

METHOD

This paper will consider the appropriateness of using CHAT in concepts of Science 
Education so as to investigate activities in the educational environment when 
interacting with different tools and subjects (pupils, teachers, researcher), and using 
deferent rules and dividing the work (division of labor) in the community (classroom).

We used the eight step model of Mwanza (2001,2008), as it helps us to put theory into
practice by interpreting the situation being examined in terms of activity theory based 
elements of the model of activity. The eight step model of Mwanza, helped us to 
design two different didactical scenarios (LLMAT, LLBAT).

We have organized a range of tasks on magnetism and on buoyancy using the history 
of Science Education. The intervention of buoyancy based on Archimedes principle of
buoyancy. All tasks are associated with Archimedes. For the intervention of 
magnetism we use a story based on Thales of Miletus and his first discoveries about 
magnets and magnetic fields (Theodoraki &Plakitsi,2013a).

We have to notice that we also use interactive systems of Engeström (Engeström, 
1987), in order to analyze and describe the different interactive systems, during an 
activity. This part of our research concerns the final teaching intervention which took 
place during the autumn of 2012, (late October to mid-December). The teaching 
intervention carried out in 2 classes of 2 public schools, in the greater Athens area. 
Each of the two schools had a class that applied the innovative curriculum and a class 
that applied the existing national curriculum for the early grades. The number of 
children is estimated at 25 children per school 25 * 2 = 50, 50 * 2 = 100. The 
processing of qualitative data is performed by analysing interactive systems that are 
formed into different activity systems. Nvivo software helps us organize our material, 
so as to make the interactive systems visible. 

Strand 15 Early years science education

2893



Figure 1. cluster analysis of the activities’ nodes

At an initial stage we tried to organize and interpret the results of the didactic 
intervention. For this reason, we conducted a cluster analysis through the program 
NVivo 9, which was used both to organize and analyze the qualitative data. Firstly we
organized our data to an NVivo 9 project in which we analyzed 11 hours video. The 
resulting cluster is directly related to the core nodes (nodes) that we created in the 
project and by which the coding of the activities was carried out. This cluster that 
results from the project: “Grandpa Archimedes and the principle of buoyancy”, is 
directly linked to the eight step model of Mwanza (Mwanza, & Engeström, 2003). 
More specifically, the configuration of the project was made through the following 
steps: 

1. Activity of interest. At this stage, activities 0., 01. and 04. took place, through 
which interest of the pupils on the issue of floating-sinking, buoyancy and the impact 
of Archimedes as a hero of the central story are identified.  

2. Objective of activity. The goal of the activities are achieved by the cluster 
operations 08., 09., 13. 0., 01., 04., 06., 10., 02., 05., 07. and 12. More specifically, 
through this series of activities a multifaceted examination of floating-sinking and 
buoyancy is achieved. The individual objectives of each activity are associated with a 
central goal that leads to the final object.

3. Subject in the activity. The subjects play an important role as seen from the figure 
1, at the activities 08., 13. and 09. They determine the sequence of the activities, the 
operation of groups and mainly the multiple roles of each subject in the learning 
community.

4. Tools mediate activity. Books, use of the internet, animations and other materials 
are used by pupils to carry out the activities. The use of different tools is particularly 
noticeable in the activities 02. and 05, where pupils come into direct contact with 
materials and tools, but also during the experiments in the activities 06. and 10.

5. Rules and regulations mediating the activity. During the didactic intervention, we 
notice pupils’ effort to set rules and procedures in the community. In the activities 06. 
and 10., we notice pupils’ effort to outline the boundaries of rules in the learning 
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community. These activities include experiments that require special cooperation and 
rules.

6. Division of labor mediating the activity. The division of labor during the activities 
was a crucial parameter for the success of the didactic intervention. At all stages of 
the didactic intervention we observed efforts of pupils to divide responsibilities to the 
group members. However in the activities 08., 13. and 09. the division of labor 
between the subjects of the learning community, becomes more observable.

7. Community in which activity is conducted. The learning community occurs at all 
stages of the didactic intervention and during all activities. Particularly significant is 
the presence of the researcher- teacher is significant, as he participates actively in the 
learning community and his role, changes during the intervention.

8. Outcomes. This category includes the results of operations, as well as the outcome 
of the didactic intervention. Activities 03. and 11. include the evaluation of all 
activities. Pupils through drawing floating and sinking materials and the story of the 
Archimedes buoyancy effectively achieve the goal of the didactic intervention.

RESULTS

A progression of data analysis provided us a great number of results. For example and
from the task “Development of repulsive forces- the invisible force”, we notice the 
interaction between the researcher-teacher and pupils provides the mediation of the 
subject-object-tool system. The interaction between Valia and her group (subjects) is 
very important. Valia divides her group into smaller groups and Anastasia help her to 
choose the tools for the task. Anastasia said that they have to find a way to observe 
the magnetic force and Vasia started to move the magnet above and under the paper 
with the iron filings. The object from this system, is not only the understanding of the 
invisible force,but also the interaction between the different subjects (Valia- Vasia- 
Anastasia). The interactive system subject- object-tool allows pupils and teacher to 
work towards a common goal-object.

Figure 2. interactive systems – hidden sub- triangles- interactive systems
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In the course of searching for interacting systems that arise from the activities, the 
existence of seven frequent systems is defined. These systems are identical to the sub-
triangles arising from the basic triangle of Engestrom. The sub- triangles that are  
identified (Theodoraki & Plakitsi,2013b), connect all factors in the triangle that lead 
to the outcome of the activities. By analyzing the interactive systems, we observed 
some hidden sub-triangles, which, although they do not directly lead to the outcome 
of the activities, play an important role within the activity system. We noticed that 
through these hidden interactions, we could specify the internal interactions of the 
community. In these hidden sub- triangles the existence of the community is very 
important, as either the effect of the underlying states of the learning community, or 
the use of new tools, contributes to the creation and formulation of rules. As shown in 
the diagram above, the existence of the system subject-tool-object, is essential during 
the activities in the classroom. An initial interpretation is that both the role of subject- 
pupils, and the use of different tools, offer the appropriate framework for conducting 
the activities and achieving the object of the central project.  From all the hidden sub- 
triangles- subsystems observed in the chart, interest is focused on the sub- triangle 
that connects different subjects with the learning community, as it formulates the rules
followed by the learning community.

In all cases of the interactive systems, not only the tools, but also the different 
subjects of the groups have an integral role for the outcome of the didactic 
intervention.

Figure 3. Time of researcher-teacher participation in minutes

In the course of processing and analysis of qualitative data, it was found that the 
researchers- teachers’ intervention during the didactic intervention was reduced. We 
decided to check our observation in depth. Classifying the videos according to the 
time the researcher- teacher actively intervened in the activities, we  found for the first
part of the 22th kindergarten, that the teacher intervened for longer than 9:00 minutes 
only in a video which is equal to the activity acquaintance with students and takes 
place during the first day of the intervention. As shown on chart 3, the  videos in 
which the researcher-teacher intervenes with time between 6:00 and 5:28 minutes in 
activities where storytelling and as the intervention evolves, the time involved in 
activities ranged from 2:23 to 5:00 minutes. It was very important to notice  that the 
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intervention of the researcher-teacher in these activities was mainly participatory, 
where he worked as  an integral part of the learning community.

CONCLUSIONS 

Our first results reinforce our aspect that the importance of the development, 
implementation, and study of Science Education can be based on the principles of 
socio-cultural theories. Pupils were provided with multifaceted opportunities to 
participate in different levels of the scientific process for the collection and processing
of data (qualitative data), either via comments or through designing activities.
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Abstract: Science picture books are one means to enrich science education during 
early childhood. However, no study has focused on the characteristics of science 
picture books from the children’s perspective. This study attempts to identify the 
characteristics of the content, pictures and words in science picture books liked by 
Japanese children aged 6 to 7 years by using the series Kagaku no Tomo (My body 
science series), which has been evaluated highly by Japanese educators. We used 50 
books with topics ranging from physics, chemistry, biology, geoscience, mathematics, 
technology and others. One teacher read one book per day to 39 children during the 
homeroom period at their primary school. Children were asked to rate the content, 
words and pictures of the book read that day on a 4-point Likert-type scale. After all 
50 books were read, we identified the books with the highest scores, which we used to 
conduct the questionnaire survey and interpretive analysis. For the survey, the 
questionnaire was intended to help the children freely describe the reasons for a book 
receiving a high score in each area. For the analysis, we analysed the characteristics of 
the relevant aspect of the books by using interpretive research methods. The results of 
the questionnaires survey and interpretive analysis show that the science picture 
books liked by Japanese children in early childhood have the following 
characteristics: The content liked by the children focuses on the dynamism of life and 
introduces the time course from birth to death. Regarding the pictures, the depictions 
of characters and animals are vivid and easy to understand, and help the children learn 
what everything looks like in the real world. Finally, we chose the words liked by the 
children that children in early childhood can understand, and we placed them in a 
symmetric and overlapping relationship with the pictures. 

Keywords: science picture books, early childhood, Japanese children 

 
PURPOSE OF THE STUDY 
Although Early childhood (generally 8 years or younger) science education is 
important, few studies have been conducted of this kind. In recent years, however, 
certain studies have been conducted on early childhood science education worldwide 
(e.g. Roth, Goulart, & Plakitsi, 2013; Tunnicliffe & Johnston, 2011). 
Science picture books are one means to enrich early childhood science education 
(Monhardt & Monhardt, 2006; Pringle & Lamme, 2005; Takigawa, 2006, 2010; 
Zeece, 2009). However, to date no study has focused on the characteristics of science 
picture books from a child’s perspective in order to, for example, verify what 
characteristics make children like or dislike science picture books. Identifying the 
characteristics of appealing science picture books from a child’s perspective will be 
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valuable basic knowledge to be utilised when developing and implementing education 
methods by using science picture books and devising such books in the future. 

Therefore, for this study, we attempted to identify the characteristics of science 
picture books liked by children in early childhood by conducting a survey among 
some of these children (aged 6-9 years) in Japan, on the basis of the reading of 
science picture books by using texts from the series Kagaku no tomo (My body 
science series: The reprinted edition, published by Fukuinkan Shoten [Kawada et al., 
2010]), which has been positively evaluated by Japanese educators, as a case example. 
This study aims to address the following research questions: (a) What are the 
characteristics found in the content of science picture books liked by Japanese 
children in early childhood? (b) What characteristics are seen in the pictures used in 
these books? And (c) what characteristics are seen in the words used in these books? 

 
RESEARCH METHOD AND DESIGN 
Participants 
We conducted the survey on 39 Japanese children in early childhood (aged 6-7 years). 
They all had science picture books in their households; the average number was 10, 
which is not considerable, but not a small number either. Their experience reading 
science picture books at home was not too substantial or too little (Kuroda, Nogami, 
Yamaguchi, & Inagaki, 2011). 

Context 
We used 50 science picture books in this study, which, as mentioned, employed the 
textbook series Kagaku no Tomo. Included in the series are science picture books on 
physics, chemistry, biology, geoscience, mathematics, technology and others. Each 
volume has approximately 20 pages. This series has received several awards, 
including the First Japan Science Book Award (Fukuinkan Shoten Publishers, 2013), 
and its science picture books have been positively evaluated, making them a good 
choice for this study. 
During the study, a teacher read one book per day to 39 children during their 
homeroom period at their primary school. A screen was set up at the front of the 
classroom, and the science picture books were projected with a document camera so 
that all the children could see the pictures and words in the books while the teacher 
read them (Figure 1). 

Data sources and analysis 

As a basic task for analysis, the children were asked daily to rate specific elements—
content, pictures, and words—of the book read that day on a 4-point Likert-type scale 
after reading. After all 50 books were read, we calculated the scores for each element 
and identified the books with the highest scores. For content, the book with the 
highest score was Toki (The Japanese Crested Ibis); for pictures, it was Itachi (The 
Weasel); and for words, it was Michi (Roads). 

An analysis of the answers from the questionnaire administered to the 
children 
Next, we administered questionnaires and conducted an interpretive analysis of the 
science picture books with the children. 
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The questionnaire was intended to help the children freely describe the reasons that 
the mentioned high-scoring picture books received such scores. The questionnaire 
was administered to all the children in the class together, and they required 
approximately 30 min to answer it. Because multiple answers were allowed and 
invalid responses were eliminated, the number of valid responses for each element 
differs. We sorted the questionnaire answers into categories, as described in the 
results section, and we counted the number of answers in each category. 

An interpretive analysis of the science picture books 
The characteristics of the relevant aspect of the top-scoring book in each area were 
qualitatively described by the children and then interpreted. 

 
RESULT 
An analysis of the answers from the questionnaire administered to 
the children 
Content 
The results for Toki, the top-scoring book in terms of content, are shown in Table 1. 
The children mentioned that they liked features such as the growth of living creatures, 
living creatures and seasons as well as the predation of living creatures, and that these 
were the reasons for the high score. Examples of answers include, “I could see how 
the babies of Japanese Crested Ibises were born” and “I found out that the babies of 
Japanese Crested Ibises develop feathers”. In addition, certain answers noted that the 
content included things that cannot be observed directly or humans who love living 
creatures as the reasons. 

Pictures 

The results for Itachi, the top-scoring book in terms of pictures, are shown in Table 2. 
The children mentioned the graphic depiction of weasels as one reason for the high 
score; specifically, we observed answers such as “I could feel the speed of the 
weasels”, “The pictures of the weasels were very real” and “I liked the pictures 
because they were vividly drawn in pencil”. Also mentioned was that not only 
weasels themselves but also the habitats of weasels were shown. Such answers 
included, “The lines of the waves of the pond were drawn round and looked very real”, 
“The fallen leaves were beautiful” and “The drawings of the trees were very soft”. In 
addition, “I could see the content of the story by looking at the pictures” was noted as 
a reason. 

Words 

The results for Michi, the book that received the highest score for words, are shown in 
Table 3. That the story can be understood intuitively was given as a reason; answers 
included, “It is easy to understand because names were included in the sentences”  
and “The words well described the characteristics of various roads”. The reason given 
was that the words match the pictures; for example, answers included, “It was good 
that the pictures matched the words” and “The pictures were easy to look at and the 
words were easy to understand thanks to those pictures”. 
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Table 1 

The Results for Content 

Category Number 

Growth of living creatures 
Living creatures and seasons 

Predation of living creatures 
Humans who love living creatures 

16 
14 

11 
4 

Note. N = 39. Because multiple answers were allowed, and invalid responses were 
eliminated, the number of valid responses was 45. 

 

Table 2 

The Results for Pictures 

Category Number 

Graphic depictions of weasels 

Graphic depictions of habitats of weasels 
I could understand the content of the story by looking at the pictures 

16 

10 
3 

Note. N = 39. Because multiple answers were allowed, and invalid responses were 
eliminated, the number of valid responses was 29. 

 

Table 3 

The Results for Words 

Category Number 

The story can be understood intuitively 
The words match the pictures 

17 
13 

Note. N = 39. Because multiple answers were allowed, and invalid responses were 
eliminated, the number of valid responses was 30. 

 

An interpretive analysis of the science picture books 
Content 
The analysis shows that the content of Toki has at least four characteristics that make 
it more appealing to children: (a) The lifecycle of living creatures: from when a 
Japanese Crested Ibis lays its eggs to the hatching of young birds and until death, the 
lifecycle of a Japanese Crested Ibis is described. (b) The lifestyle of living creatures 
throughout the four seasons: how Japanese Crested Ibises live during each season is 
described. (c) The food chain: in addition to the description of Japanese Crested Ibises 
feeding on animals lower than them on the food chain, the book describes how 
animals ranked higher than Japanese Crested Ibises attempt to eat the ibises. (d) The 
conservation of living creatures: the book shows that the population of Japanese 
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Crested Ibises is decreasing, and mentions that the people of Sado Island are 
attempting to conserve them. 

Pictures 

The analysis shows that the pictures used in Itachi have at least two appealing 
characteristics: (a) the images accurately depict living creatures and natural scenery. 
For example, the brushy texture of the fur of weasels is vividly illustrated. In addition, 
the bodies of weasels are drawn to be long and thin, and the heads are drawn small, so 
that one can see the true shape of the creature. (b) Creative composition and changing 
the scene. For example, in a scene where a dog chases a weasel, the dog is positioned 
on the left and the weasel on the right, in accordance with the direction of the text and 
the order of pages. Here, the weasel successfully runs away from the dog. However, 
in a scene where an owl attacks a baby weasel, the owl is positioned on the right and 
the weasel on the left, as if going against the direction of the book. Here, the owl 
attacks and captures the baby weasel. 

Words 
The analysis shows that the words used in Michi have at least two appealing 
characteristics: (a) short words that can be understood intuitively. For example, one 
double-page spread displays only the phrase “narrow road” , and another double-page 
spread displays the phrase, “Single road, fork in the road. Let’s go to the right”. (b) 
The words match the images. For example, the phrase “road for trains” is written 
beside the image of a railway track, and the phrase “road for talking” is written beside 
the image of a telephone wire. 
 

DISCUSSION AND FUTURE WORKS 
The findings of this study are based on a case investigation conducted with a small 
number of children by using a particular series of science picture books. With this 
caveat in mind, it may be said that the science picture books liked by Japanese 
children in early childhood have the following characteristics. 

 
The description of life seems to be the main characteristic of the content liked by the 
children. The content of Toki focuses on the dynamism of life and introduces the time 
course from birth to death, the predator-prey relationship of animals and the principle 
of respect for life. Regarding the pictures, vividness and accuracy are the main 
characteristics liked by children. The depictions of characters and animals are vivid 
and easy to understand, and help children learn what things look like in the real world. 
Finally, the words liked by the children were easy to understand and matched with the 
pictures adequately. In other words, words were chosen that children in early 
childhood can understand, and they were placed in a symmetric and overlapping 
relationship with the pictures (Nikolajeva & Scott, 2011), in that both the words and 
the pictures describe the same things. 

In the future, the validity of these characteristics should be verified by checking 
whether they can be seen in other high-scoring science picture books, but not in low-
scoring books, by using similar methods to those adopted here. 
 

Strand 15 Early years science education

2902



ACKNOWLEDGEMENTS 
This research was supported by JSPS KAKENHI Grant Number 24240100. 

 

REFERENCES 
Fukuinkan Shoten Publishers. (2013, January 28). My body science series. Retrieved 

from http://www.fukuinkan.co.jp/magazinedetail.php?maga_id=6 
Kawata, K. (2010). My body science series: The reprinted edition (in Japanese). 

Tokyo: Fukuinkanshoten. 
Kuroda, H., Nogami, T., Yamaguchi, E., & Inagaki, S. (2011). Are science picture 

books read at home?: Case study of first grade students (in Japanese). 
Proceedings of The 61th Annual SJST Conference 2011, 61, 434. 

Monhardt, L., & Monhardt, R. (2006). Creating a context for the learning of science 
process skills through picture books. Early Childhood Education Journal, 34(1), 
67-71. 

Nikolajeva, M., & Scott, C. (2006). How picturebooks work. NY: Routledge. 

Pringle, R. M., & Lamme, L. L. (2005). Using picture storybooks to support young 
children’s science learning. Reading Horizons, 46(1), 1-16. 

Roth, W. -M., Goulart, M. I. M., & Plakitsi, K. (Eds.) (2013). Science education 
during early childhood. Dordrecht, The Netherlands: Springer. 

Takigawa, K. (2006). History of early childhood science education and science 
picture books in Japan (in Japanese). Tokyo: Kazamashobo. 

Takigawa, Y. (2010). Let’s start reading science books: Twelve keys to developing 
children’s sense of wonder (in Japanese). Tokyo: Iwanamishoten. 

Tunnicliffe, S. D., & Johnston, J. (2011). Editorial: The paradigm shifts. The Journal 
of Emergent Science, 1, 3-4. 

Zeece, P. D. (2009). Using current literature selections to nurture the development of 
kindness in young children. Early Childhood Education Journal, 36(5), 447-452. 

Strand 15 Early years science education

2903



 

IDENTIFYING AND ENHANCING THE SCIENCE 
WITHIN EARLY YEARS HOLISTIC PRACTICE 

 

Terry Russell  and Linda McGuigan,  
University of Liverpool, Centre for Lifelong Learning, Liverpool, U.K. 

	  

Abstract: This paper documents attempts to identify incipient science behaviours 
within generalist early years practices, starting from and building on existing 
professional strengths while avoiding implications of professional deficit.  This work 
builds on earlier survey-assessment data in the context of the ‘whole child’ and the 
holistic curriculum practices that are appropriate for the age group.  In that earlier 
large-scale work, three qualities of relevant behaviour antecedent to the emergence of 
science proper were identified: ‘general developmental’, ‘science enabling’ and 
‘science specific’. In this current work we report the outcomes of a programme of 
qualitative research in which a close collaboration with early years practitioners 
identified relevant ‘threads’ of behaviour seeming to have relevance to emergent 
science.  Many such threads were identified as well as relationships between them that 
signalled potential developmental sequences.  The analytical framework that was used 
to impose order on this complexity referred to three generally agreed aspects lying at 
the heart of science education: conceptual development (with origins in observation 
and recording); enquiry skills (starting from the direct experiences that are provided 
ubiquitously in early years settings); and science as discourse (beginning with the 
expression of ideas and moving through ‘ideas and evidence’ towards argumentation).  
The practical orientation used small-scale action research strategies within the 
research-based design approach to hypothesise and explore lines of progression within 
these three areas. 

Keywords: Early years, holistic practice, developmental progression 

BACKGROUND, FRAMEWORK, AND PURPOSE 
The work reported here builds on data generated from a developmental assessment 
protocol designed to assess overall development, 3-5 years, constructed by the authors 
(Russell & McGuigan, 2011). Those general data (1195 children drawn from 269 
settings) helped to identify criteria relevant to emergent science behaviours classified 
as i) general developmental; ii) enabling of emergent science; and iii) science-specific 
(McGuigan & Russell, 2012). To extend this line of inquiry, we worked 
collaboratively with teachers and their children (36-84 months) using a qualitative 
methodology to identify some of the emergent science behaviours and practices that 
might be developed further within the general approaches of early years practitioners. 
The methodological shift between the earlier and currently reported work is thus from 
survey data to a complementary qualitative approach. Here we report some reflections 
and findings from the latter study, including attempts to elaborate a more coherent 
analytical framework within which to consider embryonic behaviours relevant to later 
scientific thinking while remaining true to the context of all-inclusive, holistic early 
years educational provision. 

Research into the teaching of science to younger children has tended to accumulate 
evidence of its shortcomings. Kallery et al. (2009) and Sylva et al. (2008) raise 
concerns about the quality of science experience to which young children have access.  
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The longer-term practical aspiration of our work is to develop, through a process of 
research-based design, science curriculum support materials, validated and illustrated 
by those practitioners directly involved in their construction and grounded in their 
current expertise. This ‘bottom up’ strategy contrasts with intervention models that 
assume professional deficit in approaches to teaching science. Our intention was and 
is to build on existing confidence rather than to inadvertently disempower 
practitioners by the imposition of top down views of science practices.  
The initial outcomes of this study included identification of a number of ‘threads’ or 
relatively discrete and coherent patterns of activity, observed to be recurring across 
settings and which seemed to the researchers to have the character of resonating with 
later, more developed, scientific thinking.  Such potential relationships with scientific 
modes of thinking made certain behaviours stand out from the complex flow of 
behaviours that characterise early years settings.   Threads may be ‘woven’ together 
as related aspects of more complex configurations as they are sequenced to describe 
progression. This emphasis on progression needs to be justified explicitly as resting 
on assumptions about the importance of a formative approach to teaching and learning 
whereby teachers accept the need to identify a learner’s current understanding and 
support progressive movement, guided by their pedagogical content knowledge 
(PCK).  Once developmental sequences are mooted, practical targeted interventions 
will be more apparent. Even tentative descriptions of developmental trajectories 
support teachers’ formative use by helping them to decide zones of proximal 
development. Thus a practical and applied project outcome from this manner of 
research-based design will be curriculum support materials informed by research 
evidence and validated by the practitioners involved in their construction.  

 
METHOD 
Collaboration involved researchers at the University of Liverpool and early years 
practitioners and the children aged 36-84 months in their care.  The ten sample 
schools are located in Northwest England and North Wales. Though the early years 
curricula of England and Wales differ, the view was that such differences were 
transcended in the context of the more universal capabilities that were being 
researched. Table 1 summarises the participants in this study. 
Professional advisory staff identified the ten participating teachers, all of whom had 
expressed interest in developing their practice, most describing their science 
background as limited. All worked with a wider group of co-teachers and support 
staff. The project’s evidence base drew upon this wider group of staff and children 
under the management of the ‘main project teacher’. Project meetings were scheduled 
at the beginning, mid-point and towards the end of the 12-month research period. 
Communications across the geographically disparate group used email, text and 
telephone, the mainstay being an on-line function, ‘VOCAL’ (Virtual On-line 
Communications at Liverpool’), a SharePoint type of facility. 
 

Significant information gathering activity took place during researchers’ visits to 
schools, including video recording, photography and collection of children’s products. 
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Table 1  
 
Participants in Qualitative Study 
	  
 Teachers 

directly 
involved 
in project 

Co-teachers and other 
support staff in contact with 

project teachers 

Local 
Authority 
Advisers 

Children under 
direct control of 
project teacher 

 
England 
 

 
4 

 
16 

 
1 

 
120 

 
Wales 
 

 
6 

 
12 

 
1 

 
180 

Totals   10   28   2  300 
 

Visits provided opportunities for discussions with teachers and led to a clearer 
understanding of one another’s respective motivations, perspectives and practices. 
The research followed ESRC and BPS ethical guidelines. A core principle of the 
approach is an assumption about the complementarity of the skills of researchers and 
practitioners, recognising teachers’ existing proficiencies with the age group and 
seeking to support their professional development where they lack confidence.  

Three scheduled face-to-face project meetings held in different schools enabled 
sharing of experiences and insights into each other’s context and resources. Some 
teachers arranged separate smaller cluster working meetings in each other’s settings. 
Each school was visited at least three times, usually half or whole day visits. 
Photographic and video capture of evidence of emergent science activity informed 
later reflective review while direct contact provided opportunities to observe and 
discuss emerging ideas and practices in real time with practitioners and children. 
Teachers’ and children’s understandings were both established. Practitioners’ 
contributions to such discussions started from their educationally generalist 
motivation; the researchers’ contribution was to discern antecedent behaviours that 
suggested links to later science-specific ways of thinking and to analyse and articulate 
how such practices might be shaped towards scientific modes of thinking and acting.  

While the researchers did not deliberately influence the activities that practitioners 
undertook, it is acknowledged that the presence of visitors having an explicit interest 
in science education was likely to have some influence, however unobtrusive their 
presence.  Similarly, the researchers’ prevailing notions of what constitutes science 
education influenced their perceptions. It is not practically possible, nor indeed 
ethical, to remain socially detached while paying close attention to young children’s 
activities.  Often, children expected and initiated interaction, clearly delighted to be 
the subject of adult interest.  Interactive exchanges clarified intentions on both sides. 
Within these terms, it is claimed that observations were not so much objective and 
dispassionate as reflective and analytical.  Opportunities were grasped to clarify with 
children and the adults managing them, motives, understandings and intentions. 
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RESEARCH OUTCOMES 
Observations and reflections led to the identification of recurring activities classified 
as emergent science behaviours, accepting that borderline behaviours blurred 
boundaries in the tri-partite classification that had been adopted. Some illustrative 
examples are offered in Table 2. 
Table 2  
 
Examples of clustered ‘Threads’ and links with emergent science 

 

 

‘General developmental’ threads were defined as important underpinning 
developmental processes.  Attention is a prime example: it is a fundamental pre-
requisite of all managed learning, high on practitioners’ priority list for new entrants, 
having perhaps as much to do with socialisation as cognitive development. 

‘Science enabling’ threads were defined as aspects facilitated by the educational 
process and which would facilitate science relevant activities without having been 
nurtured with a specific science focus.  Examples would be aspects of numeracy and 
literacy.  For example, measurement is essential to making comparisons in many 

Relevance to 
emergent 
science 

Threads and 
aggregations 
of threads 

                                        Example 
                                        behaviours 

 

 
 

General 
Developmental 

Paying attention, increasing 
concentration span and 
persistence 

Listening to and engaging with fictional narrative & 
imaginary starting points 

Naming and labeling concepts 
and instances 

Naming objects and phenomena accurately. 

Expressing ideas Self-generated ideas expressed with some degree of 
autonomy and confidence; general language and 
vocabulary development. 

 
 

 
Science- 

Enabling 

Concrete operational 
experiences and manipulations; 
multi-modal opportunities 

Many of the ‘stations’ made available in settings (e.g. 
sand, water, dough, etc.) are designed to ensure basic 
experiences and particular language and vocabulary 
development. Opportunities for change and control of 
materials and events. 

Logical operations Classifying; ordering; comparing similarities and 
differences; comparing the magnitude of objects and 
durations of events. 

Exploring the nature of 
materials and making things 

Bricollage; experiencing the relationship between the 
physical and conceptual demands of making. 

 

Science- 
Specific 

Early explorations and 
investigations 

Children’s explorations and more systematic teacher 
supported enquiries.  

Recording outcomes & results Lists, charts, tables writing, audio, photographs, maps, 
models, collages etc. 

Early argumentation Making claims, drawing conclusions, with justification. 
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science activities. Language and vocabulary development are a similarly high priority 
per se as well as being enabling of later science conceptual development. 

‘Science-specific’ threads were capabilities likely to be ‘self-evidently’ recognizable 
to science educators. Such behaviours would only be likely to be in evidence when 
deliberately promoted as such. However, there were some instances of activities 
nominally associated with other curricular areas that offered a close correspondence 
to the requirements or expectations of a science curriculum.  For example, while all 
sorting, classifying and measuring activity could be regarded as ‘science enabling’, 
the use of particular set labels such as ‘alive’, ‘was once alive’ and ‘never alive’ 
tipped the balance into ‘science specific’ behaviour.  Similarly, some examples of 
oracy and expressive language, requiring clear presentation of a point of view along 
with reasons, immediately suggested very close links with the antecedents of 
argumentation.   

Illustration of a ‘General Developmental’ Thread: Attention 
Teachers deploy techniques to engage and extend children’s attention. Gagné (1985) 
saw selectively concentrating on one thing at a given moment as essential for enabling 
later learning. A pervasive strategy is to have children seated around the adult while 
they listen to a story being read. Engagement and sustained attention is facilitated by 
various strategies: showing illustrations; inviting anecdotes; using costumes and 
artefacts representing elements from the story, etc.  Also, children quickly learn the 
words and actions of rhythmic ensemble chants, songs or poems with actions.  Any 
non-attending individual is very noticeable in such group events. Table 3 shows some 
discernible progressive steps in the attention thread. 

Table 3 
Progress in the ‘Attention’ thread 
 
      

Movements showing 
no intentionality, 
apparently at random 
and quickly 
distracted. Attention 
shifts between 
instances or events 

Listens 
and 
joins in 
actions 
and 
songs 

Can shift own 
attention when 
directed. 

Follows 
instructions 

Sustained 
attention 
when 
required 

Independently 
chooses to 
attend.   

May be able to 
pay attention to 
two things at 
once, e.g. taking 
in instructions or 
conversing on 
another topic 
while engaged in 
an activity.  

 

Many such threads were identified as worthy of detailed examination and discussion. 
Compression of the qualitative data was essential for reducing information to 
manageable proportions. The research-based design intention to generate 
collaboratively some practical classroom applications was realised through the 
imposition of three broad categories of scientific behaviour of a universal nature.  
Analysis and modest forays into action research were structured according to: 

i) direct observation as opportunities to develop conceptual understanding;  
ii) direct experiences as precursors to formulating enquiries; 



 

iii) the expression of ideas as the antecedents of argumentation. 
Each of these agglomerations of threads will be discussed in turn. 

Direct Observation and Opportunities to Develop Conceptual 
Understanding 
A cluster of threads was grouped to construct a progression that starts with direct 
observational experiences. Early years practitioners encourage children to notice and 
dwell upon the sensory experiences they encounter.  This is pervasive and integral to 
early years practices, involving the full range of senses: taste, touch, hearing and 
smell as well as observing by using vision. Incidentally, children are coaxed to record 
and communicate what they understand they have observed, using representations 
including spoken or written language, drawings and constructions.  This is a hugely 
important foundational area to children's science education as arguably, observation is 
where science begins. Subsequently, accurate recording and comparison allows 
observers to check whether there is agreement as to what it is that has been observed.   
Drawings may be strongly influenced by a personal, inner world of feelings and the 
imagination.  On the other hand, they can act as a record of what the child encounters 
in the real world, what we identified as ‘observational drawings’, because their 
intention is to re-represent directly-encountered objects or events, perhaps as a record 
of something that might be fleeting. Production of truthful observational drawings is 
sometimes confounded by considerations other than accurate reproduction. For 
example, what children believe or expect may distract them from what they observe.  
Children may also feel more confident drawing things in the conventional way, the 
way they think things should look, rather than how they actually look.  

There were differences observed between practitioners in their approaches to 
observational drawing that reflect a recurring tension in early years education between 
a structured approach, where adults pursue specific learning outcomes and the 
alternative, where the paramount consideration is children’s imaginative self-
expression.  In the extreme of the latter style, adults might be loath to suggest any 
form of ‘correction’ of children’s products for fear of inhibiting children or 
contaminating their creativity. The methods of different practitioners were reviewed 
and strategies compared analytically against theoretical possibilities. For example, the 
encouragement to use a hand lens offered a clear signal to children that the intention 
was to look at the object in detail, to record with as much accuracy as they could 
muster.  Some practitioners shared the magnified image with a group or class, using a 
microscope connected to the classroom interactive whiteboard (IWB), enabling 
discussion of interpretations of what could be seen by everyone.   

Feedback strategies were of particular interest, because they serve to make 
observational drawing a self-aware and thus metacognitive activity.  Equally clear 
was the fact that suggesting that they should look again for detail, shape, colour or 
proportions could be managed without oppressing children and result in a product of 
which children were proud.  Ownership of the activity remained with children who 
also derived pleasure and esteem from the close attention and praise their efforts were 
evoking.  Teachers requiring children to think about how they were representing what 
they were doing and suggesting reflection on iterative feedback associated with 
stimulus material might be symptomatic of a more general pedagogic strategy that 
favours formative assessment.  Another example of such a strategy is the managed 
encouragement of peer assessment.  Once a supportive climate of respect for one 
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another’s expressions and productions is established, children can feel safe both to 
offer and receive constructive criticism as a precursor of self-evaluation procedures 
that eventually become internalised. 
Basic literacy and numeracy skills tend to be foremost amongst early years 
practitioners’ concerns, so establishing links between these priorities and the science 
curriculum are likely to find favour. It was noted that dialogue with adults as children 
draw may contribute to their mathematics thinking as they judge relative angles, 
length, and size.  Representing objects and events also invites the naming and 
labelling of component parts and thus vocabulary development.  Annotations as well 
as single-word labels were also used frequently to accompany drawings, as children 
built up ‘fact files’ or floor books including text recording what they had learned. 
A strategic variation on drawing objects was to suggest multiple sources, including 
3D models, photographs and other images, each contributing a particular aspect 
leading to composite drawings.  Using this technique, salient features were abstracted 
and opportunities to discuss structure and function relationships were opened up. 
Another way of extending observational drawing towards conceptual development 
was to invite pairs or small groups of children to assemble large collaborative wall or 
floor drawings, building more complex inter-relationships than would happen by 
working individually. Elements of such drawings interacted in a visually 
complementary manner like visual dialogues and hypotheses. Some teachers extended 
this strategy, using three-dimensional ‘observational construction’, with the modelling 
of objects bringing some aspects to greater awareness.  As the manipulative and 
construction skills make more demands on young children than a 2D drawing 
instruments, the media selected had to be suited to their skills and strength. In other 
ways, 3D may be more accessible as more relationships (relative size, position, 
orientation, etc.) are made explicit and the challenge of perspective is avoided.  

Drawn records were valued, some practitioners keeping examples of children’s 
drawings of a particular object over time.  Such archives serve as a source of 
assessment evidence, offering a compact way of recording children’s changing 
capability to record their conceptual understanding accurately and with detail. 

Encouraging children to record their observations in detail, together with providing 
opportunities and encouragement to discuss, peer review, revisit and add or modify 
visual information, shifted this activity from the general developmental towards a 
science-specific mode of operating. During the enquiry, gently probing interactions 
between practitioners and children were witnessed frequently. Practitioners suggested 
to children that they should ‘look again’ to compare the drawn representation and the 
represented. This iterative procedure can be thought of as developing a formative and 
continuous self-evaluating mode of working. Some practitioners modelled a peer 
review process, enabling feedback to be exchanged between children themselves. 
Such strategies hold the promise of young children developing the capability to 
display perseverance, engagement, reflective thinking and the ability to represent their 
observations in some detail. Practitioners’ sensitive questioning and gentle challenges 
were seen to play a key role in extending observational and thinking skills. The 
researchers overviewed the techniques in evidence, sequencing and extending them 
by drawing on the pool of practitioners’ expertise. In this way, familiar holistic 
practices could be shaped in the direction of science-specific strategies for supporting 
children’s development  
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Direct Experiences as Precursors of Formulating Enquiries 
Another developmental progression was suggested that starts with the direct 
experiences that are a key element in early years provision.  Commonly, specific 
direct experiences were planned for children, even when the stated policy was to 
follow children’s interests in a more laisser-faire manner.  Particular equipment or 
materials were characteristically made available - e.g., a water trough, sand tray, role-
play area with costumes, and so forth. The initial thread identified was the provision 
of materials designed to promote physical exploration. The science education focus 
adopted was how it might be possible to maximize the value and extend these direct 
experiences, with a view to laying the foundations of later, more structured 
approaches to science enquiry. The availability of particular resources self-evidently 
increases the probability of occurrence of behaviours related to those materials: 
stirring, mixing, pouring, measuring time and estimating volume in the ‘mud kitchen’; 
building structures, joining pipes, moving water and sand in the ‘building area’, etc.  
Additional, spontaneous or seasonal activities, such as bubble blowing, walking in the 
local environment, etc. were also organised. Typical unplanned events included ice 
forming on the water in a trough, or autumn leaves falling in the play area. Such 
happenings engage youngsters’ attention, provoke curiosity and promote the physical 
handling and manipulation of materials. They support personal and social 
development through the exchanges they stimulate; they facilitate vocabulary 
development as children comment on and exchange views about what they are 
experiencing and generally extend knowledge and understanding of the world.  
The researchers were interested in gaining insights into children’s views of the 
experiential activities provided for them. One striking outcome was how little children 
had to say in the course of informal interviews about the experiences with which they 
had engaged.  It is accepted that, particularly in the younger age range (36-60 
months), children’s vocabulary and ability to describe activities in other than brief 
phrases must be expected to be limited.  However, care was taken to make children 
feel comfortable, to have the concrete materials to which they might wish to refer 
present and to work with small groups of the more outgoing volunteers.  Even so, 
responses were minimal. For example, in the context of explaining the procedure for 
using a bubble frame and soapy water for blowing bubbles, comparing their sizes and 
how long they lasted, ‘You blow’ tended to be a typical communication of the 
experiences. It is tempting to assume that children have more understanding than they 
were able to articulate, but this may or may not be the case.   

The almost token form of response has to be evaluated in the context of the myriad 
stimuli which early years settings offer children.  Many events are ephemeral and 
children have to work out which activities adults regard as important by responding to 
cues. If it is deemed desirable for children to reflect on their experiences, this 
expectation must be brought to their awareness. The providing adults must be clear 
about what they aspire for children to derive from such provision.  Sometimes, 
expectations are planned and self-evident because they are in-built, as for example, 
the use of a water trough with jugs, funnels and different shaped vessels. Then, the 
value may be planned and rehearsed and adults are prepared with their responses and 
cues.  At other times, as when an event arises unexpectedly, the situation requires 
adults to think on their feet. The common factor must be for the adults to be asking 
themselves, ‘What potential value for the children can we envisage in this scenario, 
and how do we frame our interactions to optimise positive outcomes?’ Such 
questioning interactions provoke children to ponder their role and how they might 
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vary what they are doing. The cause and effect relationships experienced might then 
become more overt.   

With adult guidance, direct experiences often lend themselves to the introduction of 
quantification.  For example, in blowing bubbles, children might be asked, ‘How big a 
bubble can we blow?’, ‘How long do bubbles last?’, or ‘How far do bubbles travel 
through the air?’.  Such questions model an enquiry approach and induce curiosity in 
children. Some activities invited enquiries that could be directly investigated at a 
simple level, provoked by practitioners’ questions such as, ‘How long does the ice 
take to melt?’; ‘Where will it melt most quickly?’. In their desire to move children in 
the direction of scientific enquiry, questions such as these tend to be about variation 
in the procedure that might give rise to variation in outcomes.  As such, framed in a 
science education perspective, the questions were about a preliminary phase in what 
later would become drawing attention to the dependent variable in an investigation.  
The apparent gap between the experiences provided in settings and children’s 
capabilities in articulating the details and sequences within such episodes stimulated 
dialogue between researchers and teachers. Specifically, discussions reflected on how 
learning progression might be articulated between the provision of direct experiences 
and the beginnings of structured enquiries, with eventual quantification. Interviews 
with children identified the likely necessity of metacognitive reflection on their 
experiences as an antecedent and a pre-requisite to embarking on investigable 
questions or their own enquiries. Because of the uncertainty about the extent of 
children’s understanding of those experiences witnessed in the paucity of their oral 
reports, alternative representational modes that would be less language-dependent 
were considered with teachers.  Also, as in so many other aspects of the management 
of young children, the researchers’ predilection was to encourage teachers’ 
deconstruction of events in detail and then to reconstruct them, as if in slow motion, 
considering each small step in detail.  Attention turned to means of facilitating 
children’s external representation using modalities other than language-based - for 
example, by making picture strip sequenced drawings, by assembling sequenced 
photographs of themselves and their peers engaged in each of the steps in any selected 
activity that was to be the subject of enquiry.  Video recording could also be used and 
reviewed to bring to awareness events as sequences in the correct order and in detail.  
It seemed to the researchers that, ‘How do you blow a bubble?’, needs to be posed and 
understood explicitly before variations such as, ‘How do we blow the biggest possible 
bubble?’ can make sense, as even a simple form of enquiry.  
This ‘slow motion’ deconstruction can be thought of as a step between first order 
descriptions and a consideration of possible causal relationships.  Such an approach 
might suggest an attitude of mind to be established as habitual, with implications for 
the minute-by-minute pedagogy employed by adults managing young learners.  The 
suggestion is that a climate of rational explication, comment and dialogue is likely to 
be conducive to the establishment of an ethos in which children ask themselves the 
reason why things happen in the sequence observed.  This ethos has implications for 
the adults managing such groups as well as for children, since adults will be the ones 
who initiate this attitude by modelling during science-related activities. This mind set 
could apply to the management of all aspects of children’s early years experiences, 
including socialization processes. In the context of working on teachers’ own science 
knowledge, Hoban & Nielsen’s, (2012) research into ‘Slowmation’ technique is 
interesting and relevant (see http://slowmation.com). 
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Another way of making the shift from their direct experiences to enquiries was by 
inviting children to anticipate the future or to rehearse what they imagined was going 
to happen in any particular scenario.  This invitation to predict, ‘What do you think 
will happen next?’ is used regularly is group storytelling sessions, adults using the 
strategy to maintain children’s engagement and curiosity. From a science education 
perspective, it can be seen as an antecedent to hypothesising. In other contexts, 
children made their predictions in the form of annotated drawings showing what they 
expected would happen, e.g., to ice or to seeds over a period of time. In some 
instances, this led to simple variable handling investigations using fair testing, such as 
when ice or planted seeds are placed in different locations and the different outcomes 
compared. 
The threads associated with the exploitation of the direct experiences made available 
in settings offered affordances for children’s developing understanding of the world. 
It is clear that the adult management is essential, because direct experiences do not 
speak for themselves. Managed opportunities to redescribe their experiences in 
drawings, role-play or using IT can be used to help to explicate steps in a more 
enquiry-orientated approach. Encouraging children to express their beliefs and 
reasoning to explain why things happened as they did could be part of establishing a 
stronger science orientation.  Inviting children to anticipate future events in different 
scenarios was seen as valuable experience and a helpful antecedent to predicting and 
hypothesizing in a science education perspective. Requiring reasons for expressed 
ideas was discussed as a potentially habitual part of practice, applying to adults and 
children, and a step towards evidence-based reasoning and empirical enquiry.  
The Expression of Ideas as the Antecedents of Argumentation 
The third cluster of threads to be discussed was grouped around a progression that 
starts with encouraging children to express their ideas. The expression and exchange 
of ideas supported with justifications are central to science and science learning 
(Duschl et al., 2011).  This perspective seeks equal status with enquiry and practical 
investigations. It emphasises communication between individuals and groups through 
‘discourse practices’.  Many young children starting their education are very reluctant 
to express their thoughts and early years practitioners seek to encourage them to do so 
as soon as possible. In later schooling, this formal way of debating is described as a 
process of ‘argumentation’, a process of expressing propositions backed by evidence 
and responding to counter-arguments (Osborne et al., 2013).  Argumentation has a 
central position in the definition of discourse practices, along with group critique and 
peer review. 
In the early phase of the project, many examples of children’s struggles to express 
their own ideas orally were noted; the skills involved for young children cannot be 
underestimated. The affective dimension of such discourse was recognised by 
practitioners, who saw the need to encourage children to be ‘brave’ as they described 
their ideas and ‘kind’ as they listened to others’ offerings.  Bearing in mind what 
‘Theory of Mind’ (ToM, Baron-Cohen, 1991) tells us about early development, these 
children need also to learn that both they and their peers might have an idea in mind, 
each being different, but all worthy of being expressed and considered. 
A step on from the straightforward expression of ideas is to encourage children to 
support their idea with a reason.  Some teachers were particularly assiduous in not 
accepting children’s responses that were often of the kind, ‘Because, I think so’, or, 
‘Because, it just is’.   Assertions of this kind were encountered widely across settings. 

Strand 15 Early years science education

2913



 

Some practitioners encouraged children to give reasons by posing questions such as, 
‘Why do you think so?’, ‘Does anyone else agree with that reason?’; ‘Does anyone 
have a different reason?’.  Interactions tended to be around concrete objects.  For 
example, children’s discussions of the parts of the plant on which they thought 
different vegetables were found was supported by handling real vegetables. 
As a step up to considering whether or not they could agree in detail with the 
particular quality of an idea expressed, children were observed to be initially 
encouraged to discuss their ideas in small groups and to classify each one as ‘true’ or 
‘false’.  A further category of ‘don’t know’ was added to handle those ideas that 
children could not classify.  Later still, with children who could cope with the 
subtlety, the category of ‘insufficient evidence’ or ‘can’t tell’ could be added.  This is 
a nuance that much older students and many adults do not use and possibly find 
elusive. 
In one school setting, children’s discussions of the design and making of an outdoor 
musical instrument were supported by the presence of the design drawing and the 
actual construction.  It seemed to be significant in facilitating the exchange of ideas 
that concrete objects provided a shared reference for the discussion and helped to 
provide an unambiguous understanding of the points being made. Pointing at or 
moving parts of the construction made the contribution to the discussion plainly 
evident to all participants. A design assertion (proposition) would be challenged and 
counter argued on the basis of justificatory data.  Aspeitia, (2012) argues that images 
can indeed play a role in propositions that act as premises or conclusions. The 
experience of this research confirmed that argumentation need not imply or depend 
upon propositions framed only in the language mode: interactions around the pros and 
cons of the design features of outdoor musical instruments could be deconstructed as 
argumentation sequences.  Young children showed unexpected capabilities to 
challenge viewpoints and to justify ideas by producing reasons or justifications in the 
face of such challenges.  Teachers’ assessment of learning outcomes with the age 
group targeted in this research was that the project activity had taken children’s 
discussions to a much higher level than previously met. Science educators’ aspirations 
in this context would be that these kinds of justification would in time be expressed as 
‘evidence’ and come to be understood as verifiable or otherwise.   

Teachers reported that as a result of the project involvement they had acquired both an 
enhanced awareness of the relevance of the expression of children’s own ideas to 
science learning and a repertoire of different ways of encouraging children’s 
expression of ideas.  Basic principles included establishing a safe ethos in which all 
expressions of ideas are valued; encouraging children to express ideas in different 
modes, including speech, drawing, gesture, etc.; expecting ideas to be accompanied 
by a reason and increasingly, a justification; providing opportunities for children to 
reflect on their own ideas and to make, for example, ‘agree/disagree’, ‘true/false’ 
decisions; introducing peer assessment to equip children with the skills to give and 
receive feedback.  Managing interactions around real objects to reduce ambiguity and 
enhance checking of claims against the evidence was recognised as a significant 
scaffolding technique.  Ideas supported with justifications are central to science.  Our 
project established that younger children could be helped and encouraged to take steps 
along the route to the formal exchange of claims supported by evidence, towards 
‘argumentation’ practices.  Such interactions are seen in early years settings, but the 
framing of science as discourse tends to be a rarity with the younger age group.  The 
use of drawings and models to support propositions, rather than relying on 
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verbalisations alone as the means of putting forward an idea or ‘claim’ was an 
interesting perspective that emerged in this project.  

 

CONCLUSIONS 
A range of behaviours relevant to a specification of ‘emergent science’ in the early 
years was identified, initially in an atomistic manner, at three levels: ‘general 
developmental’; ‘science-enabling’; and ‘science-specific’.  The grounded, research-
based design approach led to increasing specification of ‘threads’, which may be 
gradually aggregated and sequenced to describe more complex developmental 
patterns, informed by dialogue with teachers and theoretical reflection.  Some of the 
general developmental experiences typical of early years settings could be 
deconstructed in terms of how they could be shaped and extended to support 
progression in science-specific directions. 
Descriptions of developmental trajectories or ‘developmental learning progressions’ 
support teachers’ tailored interventions using formative assessment techniques.  The 
hypothetical trajectories do this by providing frameworks of progression that help to 
locate children’s position and next steps that can be described as ‘zones of proximal 
development’. (We emphasise that progression was expected and constructed a priori, 
in a general probabilistic rather than determinist sense.) 

Practical project outcomes will be curriculum support materials informed by research, 
validated and illustrated by the practitioners involved in their construction.  Such 
materials can build on what has been learned about learning progressions by tailoring 
interventions to children’s developing understanding.  This ‘bottom up’ strategy of 
CPD builds on the pre-existing professionalism of practitioners in contrast to deficit 
intervention models.  The theoretical advancement resides in elaborating and 
exemplifying facets of emergent science with a detailed theoretical and evidence-
based underpinning.  Collaborating teachers found the strategy adopted, that of 
discussing the behaviours in evidence and extrapolating these by drawing on the 
researchers’ experience of science education as deployed with older age groups so as 
to describe developmental trajectories, was productive.  
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IN QUEST OF TEACHING QUALITY IN PRESCHOOL 

SCIENCE: TEACHERS’ VIEWS OF FACTORS 

INFLUENCING THEIR WORK 
 

Maria Kallery  

Aristotle University of Thessaloniki, Department of Physics, Greece 

 

Abstract: The present study explores experienced early-years-teachers’ views of 

factors that may influence the quality of their teaching performance in science. 

Planning for improvement of science instruction should take these into consideration 

as teachers usually hold strong personal beliefs about what they view as good 

teaching. The study was carried out in Greece. Six teachers of the lower grades of 

education participated:  One from early-primary and five from pre-primary education 

all with long experience in teaching science. One take-home written task, one group 

interview and one questionnaire constructed by the teachers themselves were used for 

data collection. Qualitative analysis of teachers’ written protocols, interview and the 

questionnaire revealed a significant number of findings which were organized in four 

broad themes related to: teacher, student, situational factors and initiatives for 

personal professional upgrading.  A significant number of teacher-related factors 

concern different categories of teacher knowledge. Teachers also consider that the 

quality of their teaching in science can be influenced by other teacher characteristics 

such as emotions, personality, motivation and attitude. Teachers also mentioned a 

number of situational factors but they believe that some of the situational difficulties 

can be overcome depending on the teacher characteristics.  Student related factors 

include ideas of concepts and phenomena, interest for the subject (can be triggered by 

teacher), attitude (can be influenced by teacher), motivation (can be developed in 

class), singularities and emotions. While findings should be interpreted within the 

limits of a small-scale exploration study and a study of teachers coming from a single 

country, they may be used to guide research of early-years’ teachers’ views and 

experiences in other countries as well. This would produce a pool of interesting and 

useful information that could contribute to a holistic approach to improvement of 

science instruction in early-years-education. 

 

Keywords: Early years’ science, teachers’ views, pedagogical content knowledge, 

affective and emotional factors, teacher’s personality-related factors 

 

 

BACKGROUND 

In this paper we present and analyse the views of in-service teachers of the lower 

grades of education concerning factors affecting their teaching in science. Research 

has shown that early-years teachers have weak background knowledge in science (e.g. 

Kallery & Psillos, 2001), have problems in implementing the science curriculum 

(Kallery & Psillos, 2002), and give science lessons that are fragmentary in character 

and fail to promote children’s understanding and scientific thinking (Kallery et al., 

2009).   

The importance of teachers’ knowledge and its relation to teaching practices has been 

stressed by researchers and educators (e.g. Shulman, 1986). Still, events in the 

classroom do not entirely spring from teachers’ personal characteristics and the 
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qualities they bring into the classroom, while aspects of their work that are outside 

their control, such as the influence of situations, have often been overlooked (what is 

called attribution error) (see Kennedy, 2010). Social psychologists, Kennedy (2010) 

notes, tell us that teacher behaviour tends to be more influenced by the situations they 

face than by their own personal qualities, although, as she observes, some teachers are 

better able than others to accommodate situational strains they may face in their work.   

Other researchers (e.g. Van Driel & Berry, 2012) note that the development of 

teachers’ knowledge, especially Pedagogical Content Knowledge (PCK), is not a 

linear process and could be influenced by teachers’ specific professional contexts and 

support for professional development, and that teachers hold strong personal beliefs 

about what they view as good teaching. What is needed is a closer examination of 

individual teachers’ views on what they think can influence their practices in the 

classroom. Planning for the improvement of science instruction should take these 

views into consideration. 

It was against this background that the present work was undertaken. Specifically, the 

research questions leading the present study are:  

1. What factors do expert early childhood teachers believe influence the quality of 

their teaching of science?  

2. What factors do expert early childhood teachers encounter when performing 

activities with young children that influence the quality of their teaching?  

3. What interactions do expert early childhood teachers perceive exist between these 

identified factors? 

 

METHODOLOGY AND SAMPLE   

The study was carried in Greece. Six teachers of the lower grades of education 

participated, one from early-primary and five from pre-primary education, all with 

long experience in teaching science. The teachers were members of a work group 

which also included a researcher, science specialist (author of this paper). The 

partners shared the goal of developing science activities for young children.    

The research reported in this paper was designed as a small-scale exploratory study, 

with data obtained using the following instruments: one take-home written task, one 

questionnaire constructed by the researcher, one group interview, and one 

questionnaire constructed by the teachers themselves, as a means of investigating the 

views of other colleagues on the same issues; this provided valuable data on factors 

which the teachers consider to have an important influence on science teaching.  The 

instruments are presented in the Appendix.  In the written task teachers were asked to 

report and elaborate on what they believe may affect their teaching performance in 

science and what they actually encounter when introducing activities to young 

children. To supplement and clarify the information derived from the written 

assignment, a group interview was held. Prior to the interview, the author – who acted 

as researcher as well as interviewer – conducted preliminary analyses of the teachers’ 

written protocols in order to identify the predominant themes. This assisted the 

researcher in deciding the focus of the interviews and in forming probing and 

clarifying questions during their course. 

Data were collected in the following order: 
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1. Teachers completed the written task individually. 

2. Teachers constructed the questionnaire. 

3. Teachers completed the individual questionnaire. 

4. The group interview was held.  
 

DATA ANALYSIS AND RESULTS 

Qualitative analysis of the teachers’ written protocols, interviews and the 

questionnaire revealed a significant number of findings, which were organized in four 

broad themes:  

 Teacher-related factors 

 Pupil-related factors 

 Situational factors 

 Initiatives for personal professional upgrading  

Representative findings for each of the above themes are reported in the rest of the 

paper.  

The Teacher-related factors were organized in five domains: 

 Knowledge  

 Affective  

 Emotional  

 Personality 

 Experiences 

 

In the domain of teacher knowledge, apart from the explicitly mentioned subject 

matter knowledge, teachers spoke of a number of other factors composing two 

categories of teacher knowledge, namely, Pedagogical Knowledge (PK) and 

Pedagogical Content Knowledge (PCK). These factors and their interrelationships are 

presented in diagram form in Figure 1.  

Three of the reported teacher-related factors belong in the affective domain: Interest, 

Motivation and Attitude. In their interviews teachers noted that these factors can 

increase their effectiveness when planning and delivering activities.    

Emotional factors include rewards (joy coming from children’s successes and interest 

in science activities), sureness, safety, anxiety, fear and disappointment (see also 

Zembylas, 2004). 

Teachers elaborated on these factors. They related sureness to their own subject 

matter knowledge and their knowledge of the children. Safety was related to their 

knowledge of the subject and knowledge of teaching methodology and anxiety was 

related by the teachers to the level of their knowledge of the subject (degree of 

sufficiency) and to situational factors.  
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Figure 1. Relationships among the factors related to teacher knowledge reported by the 

participating teachers  

 

Teachers talked about fear and related it to insufficient knowledge which may lead to 

unsuccessful science activities and also to difficulty managing the class.  

The teachers find disappointment a very important factor which may hinder their 

motivation for work and which may be stemming from their unsatisfactory 

performance in the activities, from situational factors such as the acceptance and 

recognition of their work by other colleagues and by parents. 

Teachers’ experiences were distinguished as those coming from their years of work 

(contributing positively) and those from their own schooling (mostly contributing 

negatively).   

Classified as teacher’s personality-related factors were communication style, 

creativity, flexibility, taking initiatives, self-esteem, sense of responsibility and 

confidence.  

Teachers consider that the way they communicate with children, but also with parents, 

can affect the quality of their work.   

Regarding flexibility, teachers related it to their ability and readiness to handle 

situations that may arise, such as the responding of children’s difficult science 

questions and other difficulties during activities. They noted that these require good 

knowledge of the subject, as well as availability of alternatives, especially in cases of 

unexpected activity outcomes. They also mentioned responsibility and related it to 

their professionalism.  

Strand 15 Early years science education

2920



 

An overview of the most interesting factors falling under the other headings is 

presented in Table1.  

Concerning the student-related factors as these are presented in the above mentioned 

Table, teachers believe that the most important of them, which can affect their 

teaching in science, are the students’ ideas of concepts and phenomena, their interest 

in and their attitude towards the subject, their motivation, their singularities and their 

emotions.  

They noted that students’ interest in the subject can be triggered or stimulated by the 

teacher, that students’ attitude can also be influenced by the teacher and that teachers 

can motivate students in class.  

They explained that students’ singularities are related to students’ personal 

characteristics and the problems stemming from them or from family situations. 

Teachers referred to the students’ emotions and the great significance of them for the 

quality of their work. Teachers said that emotions can be, for example, positive such 

as their enthusiasm for the activities. In such cases the emotions, as they stated, act 

supportively, but can also be negative and can be related to the students’ personal 

problems.  

Of the most important situational factors, as shown in Table 1, teachers referred to the 

available physical space for science activities, available materials and time assigned to 

science activities, specific characteristics of the curriculum that either support or make 

their work in science difficult, the existence and quality of teachers’ manuals, and 

finally the number of students in class. Teachers also referred to specific situations in 

school, and specifically to the level and quality of communication and collaboration 

with the rest of the staff. 

Regarding initiatives for personal professional upgrading, the teachers consider that 

participating in a work group where they can collaborate with a specialist in the 

subject and, within the group, participate in activities such as development of 

instruction materials, act as researchers, interact and communicate with the other 

members of the group and have the opportunity to reflect, yield to factors which 

teachers consider to be advantages which can contribute positively to their teaching in 

science. 

In their essays and interviews, teachers pointed out several interactions between the 

various factors, stating that their views about these interactions sprang from their own 

experiences; the most interesting of these interactions are presented in Figure 2. One 

of the important findings, as shown in the factor interaction diagram, is that the 

teachers believe that several of the situational difficulties can be overcome depending 

on the teacher’s knowledge, interest, motivation, initiative-taking, and personal work.  
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Table 1   

Student, Situational and Teacher Initiative-related factors 

 

Themes 

  

      Findings 

 

Student-related factors 

 
 Ideas of concepts and phenomena 

 Interest in the subject (can be 

triggered or stimulated by the 

teacher) 

 Attitude (can be influenced by the 

teacher) 

 Motivation (can be developed in 

class) 

 Students’ singularities  

 Emotions 

 

Situational factors 

 
 School infrastructure: available 

physical space for science activities, 

available materials  

 Available time for science 

 Number of students in class 

 The curriculum (flexible, explicit or 

very broad) 

 Teacher manuals and teacher guides 

(existence, coherency and 

consistency) 

 School situation (communication and 

collaboration with the rest of the 

staff) 

 

Initiatives for personal professional 

upgrading (concerns teachers’ initiative 

regarding  participation in a work group 

yielding the following advantages 

contributing positively to their teaching)  

 

 Collaborate with specialist in the 

subject 

 Participate in the development of 

instructional materials 

 Participate in research (the teacher as 

researcher) 

 Reflect individually and collectively, 

interact and communicate  

 Overcome difficulties  
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 Figure 2.  Interactions between factors expressed by teachers  

 

CONCLUSIONS AND IMPLICATIONS 

The present study provides some insights into experienced early-years teachers’ views 

of what can potentially influence the quality of their work in science. The teachers 

consider that a variety of factors can contribute either positively or negatively to their 

teaching, most of them relating to the teacher herself; while a significant number of 

them concern different categories of teacher knowledge. As can also be gathered from 

the relationships between factors expressed by the teachers, it seems that they 

recognize their knowledge as playing a primary role in several of these relationships. 

They also consider that the quality of their teaching in science can be influenced by 

teacher-related characteristics such as emotions, personality, motivation and attitude. 

Teachers do mention situational factors, but do not seem to agree fully with the view 

that teacher actions and behaviours are more influenced by the situations they face 

than by their own personal qualities. Indicative of this is the view expressed by the 

teachers, springing from their own experiences, that some of the situational 

difficulties can be overcome depending on the characteristics of the teacher.  

The research methodology employed in this study with the combination of the four 

tools reported was fruitful in making it possible to collect interesting data. While 

findings should be interpreted within the limits of a small-scale exploration study and 

a study of teachers coming from a single country, they may be used to guide research 

of early-years teachers’ views and experiences in other countries as well. This would 

produce a pool of interesting and useful information that could contribute to a holistic 

approach to improvement of science instruction in early-years education. 
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APPENDIX   

Instruments 

Take home written task 

Which factors do you believe influence the quality and effectiveness of your teaching 

in science?  As these factors are formed by your personal views and ideas as well as 

by your classroom experiences, please provide a description and elaborate briefly on 

them where possible to make them clearer.  

Teacher constructed questionnaire 

Please construct a questionnaire which you would use to investigate the factors that 

early childhood teachers of science believe may influence the quality of their teaching 

of science.  

Individual questionnaire 

1. Do you think that the factors that you reported in your written task are related to 

each other? More specifically which of these factors do you believe influence others 

factors and in what way?   

2. Do you believe that these factors have been affected by your own education? How 

so? 

 

3. Are there any affective factors mentioned in your written task? What are these 

affective factors and how would you describe them?     

4. Do you think that teacher’s creativity is a factor that can contribute to the quality of 

her teaching in science? If so, how do you think it contributes?     

5. In the case of implementing predesigned science activities in the classroom, how do 

you think that teacher’s creativity can contribute?  

6. Do you think that some of the factors you reported in the written task depend on the 

teacher’s knowledge? If so, which types of teachers’ knowledge?  

 

7. Do you think that some of the factors you mentioned in the written task are topic 

dependent, i.e. are related to the science topic you are teaching?  

  

8. Do you think that teacher’s knowledge of how to praise children is a factor that 

could influence the quality of your teaching in science? Was this mentioned in your 

written task? 

 

9. Are there factors that are outside your control that can influence the quality of your 

teaching of science? If so, what are these factors?   

 

10. Has the development of any instructional materials, or your participation in any 

research activities related to your work, influenced the quality of your teaching of 

science? If so, what were these activities and how did it influence your teaching?  

11. Do you have any other comments on what factors may influence the quality of 

your teaching of science? 
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Focus group interview 

Questions will be formed by the interviewer on the basis of results coming from the 

preliminary analysis of the written task. Are similar to the individual questionnaire 

and will generate discussion from the participants.  
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TEACHING PRACTICES THROUGH A CHAT
CURRICULUM IN THE EARLY GRADES

Eleni Kolokouri and Katerina Plakitsi 
University of Ioannina, Greece

Abstract: This research study is part of the @fise project which takes place in the 
University of Ioannina, Greece and focuses on the connection of Cultural Historical 
Activity Theory (CHAT) with Science Education. Within the CHAT frame, subjects 
collectively act in a community in the context of rules that the entire community 
follows. They become engaged in science activities and they use tools in order to deal 
with scientific concepts. In this frame, an Innovative Science Curriculum for the early
grades was developed to introduce teaching scientific concepts by the use of cartoons.
At the beginning, a popular cartoon, Spongebob Squarepants, was used in order to 
design floating and sinking activities. Then, elements from History of Science were 
incorporated in a narrative about light and colors. Finally, the narrative was turned to 
a 20 minute animation about light, colors and shadows in the program scratch. The 
Curriculum was implemented in autumn 2012 in 4 pre-primary school classrooms of 
25 pupils each. Research data were collected before, during and after the classroom 
implementation by observations, field notes, video recordings, interviews and 
classroom materials. All collected data will be analyzed through the creation of 
different projects in the Nvivo9 research software Within the CHAT framework, the 
analysis and interpretation of data concerns pupils’ selection and use of tools, the 
multiple mediations that take place within the classroom activity system and the way 
collaboration and contradictions affect the object and make visible the invisible 
changes within the activity system. Under the prism of CHAT pupils participate in 
meaningful cultural activities and receive scaffolding for improving of actions 
towards an inspiring object into the whole activity system.

Keywords: CHAT, Science Curriculum, cartoon

INTRODUCTION-THEORETICAL FRAMEWORK 

This research study is part of the @fise project which takes place in the University of 
Ioannina, Greece and focuses on the connection of Cultural Historical Activity Theory
(CHAT) with Science Education, especially in the early years, which is considered as 
a substantial paradigm in Science teaching. The ATFISE research project concentrates
on transferring CHAT into the fields of science education. As it is combined with 
other relevant case studies, it finally aims to validate CHAT as an evaluation tool of 
scientific activities in different learning environments and institutions, such as in the 
university laboratory, in the school classroom, in a museum or science centre etc. 
Under the prism of CHAT learning involves a qualitative change of actions that may 
take place when people participate in meaningful cultural activities and receive 
scaffolding for improving of actions towards an inspiring object into the whole 
activity system.

The students’ working in groups, the use of intermediary tools and the objects which 
are usually transformed into outcomes play an important role for creating new 
knowledge in the context of rules that the entire community sets and follows. The unit
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of analysis is the activity. This makes moving from one activity to another flexible, 
getting advantage of prior knowledge. Thus, learning about scientific concepts 
becomes meaningful for the students’ community who interact with one another as 
well as with meditative and analysing tools and means within the activity’s context 
(Engeström, 1999) and within their cultural-historical background. In this sense, 
science education is not only focused on the scientific content but also on presenting 
science as a human activity (Nielsen & Thomsen, 1990) with social applications.

Within the CHAT frame, subjects collectively act in a community in the context of 
rules that the entire community follows. They become engaged in science activities 
and they use tools in order to deal with a scientific concept. Thus, the construction of 
knowledge becomes meaningful for students who interact with one another as well as 
with tools and means into the community of learners (Engeström, 2005). 

An innovative method of introducing natural concepts in the early grades is using 
interdisciplinary means such as comics and cartoons-animations (Bongco, 2000). 
Gene Yang (2003),in his site Comics in Education presents the strengths of comics in 
education as motivating, visual, permanent, intermediary and popular. Keogh and 
Naylor (1999), support teaching and learning scientific concepts by using concept 
cartoons and offers an alternative method of science teaching which involves 
discussion, investigation and motivation for learners of all educational levels. 

Thus, science teaching with the use of cartoons is related to ideas learners already 
know or have directly experienced, which makes learning concepts meaningful 
(Mayer, 1996). Humor, exaggeration, symbols, emotions are all elements that provide 
learners with very interesting types of knowledge presented in a familiar context. The 
British Cartoon Archive (1973) encourages research about cartoons and supports 
groups of people who wish to exchange views about using cartoons in learning and 
teaching and also get ideas and inspiration. Furthermore, users have the opportunity to
create web group of cartoons and use them teaching aid, create a research project, an 
online exhibition and share their ideas with others. Accordingly, in the webpage 
Educational Comics (2008) for kids individuals as well as institutions can become 
members and find educational comics on various topics such as reading, mathematics,
learning to eat healthy or learning vocabulary. Furthermore, there is a variety of 
educational programming languages and multimedia tools that can be used to create 
projects that have an impact on pupils’ education and can be a basis for teaching and 
learning as well as developing problem-solving strategies.

Rationale and Purpose

The rationale for this study was based on the fact that teachers in the early grades 
need cultural tools that can make learning scientific concepts meaningful. According 
to Roth learning is something that is strongly connected with the life of the learner 
and not something that just happens in a classroom. Thus, the object of learning can 
be achieved only when we proceed from the life of the individual to the collective life 
of society (Eijck& Roth, 2010a). Cartoons are cultural tools connected with pupils’ 
interest that engage them in exploring a variety of scientific concepts, in 
experimenting, in creative thinking and providing solutions to problems. 

Great importance is stressed on the socio-cultural aspect of teaching scientific 
concepts in the early grades as a means to reform science Education. The use of basic 
principles of CHAT to teach scientific concepts from the early grades provides 
motivation to develop innovative science activities for pupils. Thus, CHAT will 
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become a theoretical framework suitable for analysis and designing activities from the
field of science education and will achieve meaningful learning and scientific literacy 
development. Using CHAT offers the opportunity to study in depth and analyze the 
interactions that occur within learning communities. In particular, the social identities 
of pupils and the subjective perceptions of their own activity and their role in it can be
explored. In this sense, development of scientific knowledge is considered as a 
process of internalization from the society to the individual and production of 
scientific knowledge comes as a result of various factors. Initially, by using their 
senses, prior knowledge and cause-effect reasoning, pupils are led to making 
predictions about the behaviour of materials Then, they make hypotheses, test them 
through experimenting, draw their conclusions and finally gain new knowledge. 
Furthermore, it seems that scientific literacy of future citizens has to be considered as 
a concept that can occur ‘in the wild, - that is- in the everyday world that we share 
with others as opposed to testing situations in classrooms and laboratories’ (Eijck& 
Roth, 2010b). 

The aims of this research study were set under a CHAT perspective in which 
scientific knowledge is a dynamic activity system and the participants, the 
institutions, the methods, the tools, the objects are connected in a cultural, historical 
and social process. In this frame, the study seeks to:

- Create the learning environment so that pupils can practice in science activities that 
are related to their socio cultural background.
- Use cartoons to help pupils gain experience about scientific concepts such as 
floating and sinking as well as properties of light.
- Provide early grade pupils the opportunity to obtain skills of the scientific method 
and life skills.

METHOD

The methodology used in this study is based on: the framework of analysis by the 
view of Yrjö Engeström (2005), the cultural- historical approach by Marilyn Fleer and
Marianne Hedegaard (2008, 2010) about children’s development in every day 
practices. More specifically it follows the third-generation of activity theory in order 
to develop conceptual tools to understand dialogue, multiple perspectives, and 
networks of interacting activity systems (Engeström, 2001).

Towards this direction an Innovative Sciences Curriculum for the early grades was 
developed in order to introduce teaching scientific concepts by using cartoons. In the 
first part of the curriculum, a popular cartoon, Spongebob Squarepants, was used to 
design floating and sinking activities. The didactical scenario of both parts was 
designed following certain techniques of drama in education in combination with 
science education techniques and was used to teach floating and sinking concepts in 
pre-primary school classrooms. As pupils during the implementation moved on from 
one stage to the other they exchanged roles in order to find the solution of problem 
concerning floating and sinking concepts. They defined the place and time and 
through role-playing, argumentation, conduct of experiments, evaluation they reached
the conclusion. The didactical scenario included a series of classroom activities listed 
below.
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The letter: Pupils receive an envelope which contains a two-page letter from Bob 
Sponge, a popular cartoon who lives in a city under the sea and faces unexpected 
problems of floating and sinking.

Teacher in role: Teacher in Bob Sponge role discusses the problem with pupils and 
provides information about the city and the situation described in the letter. Pupils ask
questions and try to find a way to help Bob save his city.

Painting: Pupils draw the city of Bikini Bottom in a big piece of paper.

Role in the wall: Pupils express their thoughts and opinions and teacher takes notes of
them in a piece of paper which depicts Bob Sponge’s mind.

Conscience alley and Argumentation : Pupils are divided in two groups, the floating 
group and the sinking group. Each group has to discuss about the behavior of certain 
materials when put in water and present argumentation of why some of them sink and 
others float. A representative of each group announces estimations and provides 
reasons. They make predictions about the behavior of each material in water. 

Prediction board: Pupils fill in their predictions in a three column board.  Material: 
stone, nail, button, potato, orange….Sinks: YES ….NO….Floats: YES    NO    

Experiment: Pupils put the different materials one by one inside the water and observe
what happens. They classify the materials in two categories according to their 
behavior inside the water. Finally they test their predictions, and discuss about the 
cognitive obstacles, the skills of scientific method used and they provide ideas for 
extra activities.

Telephone conversation: Pupils listen to one part of a telephone conversation. The 
teacher in the role of Bob receives a telephone call from Patrick, his best friend in 
Bikini Bottom. Bob writes down three key phrases that he hears from Patrick and tries
to find out with the aid of pupils what they mean. Each phrase leads to an experiment 
which is performed in class.

Evaluation: Pupils draw in a sheet of paper divided in two horizontal parts the items 
that float on top and those that sink at the bottom.

Game: Pupils play games with a Bob Sponge puppet.

Still Images: Pupils present scenes of Bikini Bottom city using their body. 

Discussion in circle: Teacher in role discusses with pupils about the knowledge they 
have obtained so far as well as the prospects of saving the city of Bikini Bottom.

In the second part, elements from History of Science were incorporated in a narrative 
about light and colors. Then, the narrative was turned to a 20 minute animation about 
light, colors and shadows in the educational programming language scratch and was 
used for the development of a didactical scenario about light, colors and shadows for 
the early grades. The animation ‘Colour Visions from the Past’ is divided into five 
parts. The story takes place in a town where colours are fading day by day because of 
the rain and almost everything is black and white. Phoebus and Iris, who live in this 
town, travel through time, in an unusual way, from uncle Albert’s cottage to Newton’s
laboratory. There, they are caught while overhearing part of Newton’s lecture to the 
scientific community and offer to work on light and colour experiments. When they 
manage to escape and travel back to the present, they bring invaluable information to 
uncle Albert’s lab.
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Pupils watch the cartoon in parts and discuss about it. They express their own ideas 
about light and colours and the way they are connected to the story and they 
participate in a series of activities about light, colours and shadows.

In the course of the activities, pupils play the roles of the characters of the cartoon and
deal with scientific concepts in order to work like the scientists of the story. They 
organize the experiments in class; they set rules and use the materials in order to 
conduct the experiments. In certain cases they transform a part of the classroom to a 
class-laboratory, in which they experiment on colors. All in all, pupils participate in 
problem solving situations and interact with each other as well as with the teacher. 
Both parts of the Science Curriculum are connected with the Greek National 
Curriculum for the early grades which has recently been reformed. At this level 
scientific learning has been put on a cultural- historical and social basis. It is 
connected with inquiring in authentic environments, practicing skills of observation, 
classification, communication etc. and making sense of the relations and interactions 
that take place in the world around us. Furthermore the Science Curriculum is 
connected with the five frames of learning in the early grades (games, routines, 
everyday-life situations, explorations, organized learning activities) in which all early-
grade pupils should equally participate (Greek National Curriculum for Early 
Childhood, 2011).
In the following cluster analysis of the first part of the Science Curriculum (figure 1) 
the activities have been grouped together because of the characteristics they have in 
common regarding their connection with the five frames of learning. This was done 
toward the beginning phases of the analysis to help see the connections between the 
classroom activities and the frames of learning of the National Curriculum for Early 
Childhood. Thus, the activities 01, 02, 04, 08, 09 are connected with explorations and 
everyday-life situations , the activities 05, 07,08 are organized learning activities 
while the activities 00, 03.12,13 involve routines that pupils usually do in their school 
life and the activities 10,11 are games.

Figure 1. Cluster analysis of the activities considering floating and sinking concepts

The Innovative Science Curriculum was implemented in autumn 2012 in 4 pre-
primary school classrooms of 25 pupils each. The researching methodology followed 
a qualitative design, and research data were collected by observations, field notes, 
video recordings and classroom materials. Teachers of the schools collaborated with 
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students on providing all the relevant information about their science program and the
children’s cultural and social background. All collected data are being analyzed 
through the creation of different projects in the Nvivo9 research software. The 
analysis and interpretation of the whole data have been developed by the realization 
of successively linked stages which were elaborated by the combination of theory and
field research. The process of data analysis was inspired by action research studies as 
well as the qualitative research method proposed by Roth, 2005.

In the course of data analysis the focus has been on the way pupils express their 
opinion about scientific concepts, they practice skills of the scientific method and the 
way they develop their scientific thinking and vocabulary. Furthermore, the pupils’ 
reaction towards the cartoon, their references of prior experience of scientific 
concepts and the connection with everyday life are being analysed.

RESULTS

Data analysis has shown so far that early grade pupils experience scientific concepts 
not as an individual, isolated phenomenon but as part of the historical and social 
background. Furthermore, pupils have developed interpersonal skills of 
communication as well as critical thinking, problem solving and argumentation skills. 
They made hypotheses and questions/suggestions that expanded beyond the scientific 
concepts of the specific activities to other fields such as language skills, expressing 
opinions, decision making, geography e. t. c. 

Examples of pupils’ questions/suggestions are provided below: 

‘- Where is the Pacific Ocean? – How are you able to breathe and talk at the sea 
bottom? – Why do jellyfish stick on you? –Certain people take sponges from the sea 
bottom and sell them in shops. – Where do scientists live? – I cannot see what is 
inside the box; let’s make a hole in it! – There are big electricity generators that bring 
light to our home’.   

Pupils used alternative vocabulary to refer to floating, sinking and light such as ‘it 
swims, it goes up, it falls down the water, the sun and other luminous materials give  
us light’, which was accepted because at such an early age children must be 
encouraged to describe scientific concepts the way they can. During the experiments, 
pupils saw their predictions come true or false, provided explanations for each case 
and came close to the scientific truth. 

The figure below (figure 2) is illustrating the skills of the scientific method that pupils
practiced during the implementation of the science curriculum. We notice that 
although pupils practise a variety of skills, communication is the most prevalent. 
Communication is an essential skill for early-grade pupils as they use drawing and 
other symbols to describe an action, object or event. During the implementation of the
curriculum communication took many forms and was present at every moment of 
action. Given its collaborative nature it was combined with almost every other skill. 
Pupils communicate in order to share their observations or predictions and try to make
themselves clear and effective if the other person is to understand their point of view. 
Furthermore, dealing with scientific concepts with the aid of cartoon characters and 
role-playing involved forms of communication which contributed to better 
understanding of science, connecting with prior knowledge and building a strong 
interactive network in order to achieve meaningful learning of the scientific content. 
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Following the CHAT theoretical framework, collaboration and interaction within the 
activity systems entailed communication regarding the use and effectiveness of 
mediating tools. Problem solving was a result of group work in which both verbal and
non-verbal communication were used in order to reach the solution.

Figure 2.  Skills of the scientific method

Within the CHAT framework, the analysis and interpretation of data concerns pupils’ 
selection and use of tools, the multiple mediations that take place within the 
classroom activity system and the way collaboration and contradictions affect the 
object and make visible the invisible changes within the activity systems.

The tools used in the activity systems shown below, (cartoon, computer, language, 
thought e.t.c.), mediate with the subjects (pupils, teacher-researcher), so as pupils to 
become able to reach the object (understanding scientific concepts, practice skills of 
the scientific method, achieve meaningful learning). The learning community (school-
classroom), sets and modifies rules to the members of the community and to the 
groups (student-student, student-teacher, group-group, group-teacher, teacher-group), 
forms flexible groups and divides the labor. The object/outcome of the activity is 
reached literacy within the boundaries of the socio-cultural frame of learners. In this 
regard, learning procedure is based on the multiple interactions that take place in the 
community and supports the development of tools such as drama, cartoons and role 
playing all of which help early-grade pupils learn combining their personal experience
and knowledge with the interactions of the group.

Strand 15 Early years science education

2933



Figure 3. The Activity System Model (Engeström, 1987)

Figure 4. The Activity System Model (Engeström, 1987)

Table 1

Interpretation of the impact of cartoons on teaching scientific concepts

Impact of Cartoon in 
Science Teaching 

Moments of change in the 
Activity Systems

Transcript

1. Pupils receive an 
envelope which contains a 

Pupils connect the fact that
they have received a letter 

- we receive letters at 
home from the tax service 
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two-page letter from Bob 
Sponge. The letter is a tool
that gradually defines the 
course of action of pupils 
as they follow the basic 
points of it to move from 
one stage to the other.

with an ordinary activity 
that takes place within 
their socio-cultural 
background. Their parents 
receive letters at home so 
the letter becomes a tool to
motivate pupils to act as a 
group dealing with a 
situation. 

- we receive letters that are
electricity bills            

 - we pay bills at the bank 
using types of letter

- I have never received a 
letter from a cartoon 

- If someone wants to send
a letter he puts it in an 
envelope fills in the 
addresses and takes it to 
the post office  

2. Teacher plays two 
different roles using a Bob 
Sponge puppet. She 
becomes Bob Sponge 
when she puts the puppet 
on and she becomes the 
teacher again when she 
takes it off. When she is in 
Bob Sponge role, she 
discusses the problem with
pupils and provides 
information about the city 
and the situation described
in the letter. Pupils ask 
questions and try to find a 
way to help Bob save his 
city.

Pupils try to define the 
rules in order to respond to
the two different roles 
each time. The interactions
within the group and with 
the teacher in the two roles
lead them to divide the 
labour in two groups. The 
first group will talk to the 
teacher and the second to 
the teacher in Bob Sponge 
role. Thus, pupils 
transform the rules and 
their actions according to 
teacher in role.  

-this is fun, I like this 
puppet

-let’s take turns to ask 
questions

-No, I want to speak to 
Bob                                     

-You will when she (the 
teacher) takes the puppet 
of off

-Why don’t we change 
groups?

-What do you mean?

-One group will speak for 
Bob and one for teacher

-Then we can change 
groups.

3. Pupils are divided in 
two groups, the floating 
group and the sinking 
group. Each group has to 
discuss about the behavior 
of certain materials when 
put in water and present 
argumentation of why 
some of them sink and 
others float.

The cartoon is used by 
pupils as a tool in order to 
make predictions about the
materials when put in 
water. Learning is 
connected with real-life 
situations and becomes 
meaningful. As a result, 
critical thinking of pupils 
develops and at the same 
time motivation to gain 
new information rises. 

 

- we could give Bob only 
items that sink so they can 
stay at the sea bottom. 

- we could tie the  items 
that go on the surface with 
rope.

- the stone sinks because it
very hard and thick  

-this piece of wood sinks 
because it is heavy and if it
is in the sea, it is 
impossible to go up.  

- no, I am certain wood 
floats because I have seen 
pieces of pine-trees float in
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the river. They were big 
pieces but they were on the
surface of the water. 

4. Pupils listen to one part 
of a telephone 
conversation. They hear 
three key phrases and try 
to find out what they 
mean. Each phrase leads to
an experiment which is 
performed in class.

Pupils organize the 
experiments in class, they 
interact within the group 
and with the teacher (in 
Bob Sponge role), they set 
rules and use new tools in 
order to conduct the 
experiments.    

-peanuts in water and 
carbon dioxide

-we need peanuts and 
something to put the water 
in

-let’s look in this bag

-there are plastic glasses in
here 

-there is soda water as 
well…

5. Pupils organise 
experiments about light 
and colors and try to 
follow the way Newton 
presented his discoveries 
to the scientific society. 
The role of university 
students is that of a 
mediator and a facilitator.

Pupils become familiar 
with some episodes in the 
history of science and use 
elements from these to 
organise their own 
scientific work and 
progress.

-hold the piece of glass 
like this

-the man Phoebus and Iris 
met (Newton) was in a 
very dark room

-let’s go near the door, 
there is not much light 
there.

6. Pupils participate in a 
problem solving situations 
and interact with other 
pupils and teacher-
researcher in order to 
reach the desired outcome,
to learn about light and its 
properties.

Pupils describe scientific 
concepts providing 
examples of their logical 
thinking and their 
everyday life.

- there is light in the sun 

-there is light in the 
electricity poles that bring 
light to our homes      

-my dad teaches physics 
and he told me that there 
are generators that produce
electricity.                      

CONCLUSIONS 

The initial results of using CHAT in Science Education seem promising. This 
research study contributes to a growing interest of CHAT-based education research. 
Great importance is stressed on the socio-cultural aspect of teaching sciences in the 
early grades. All in all, by using basic principles of CHAT the development of 
scientific knowledge will be considered as a process of internalization from the 
society to the individual. Taking this into account, teaching scientific concepts is 
considered as an interdisciplinary procedure with strong connections to society. 
Learning is an on-going process which is affected by societal conditions while aims 
and goals can be modified according to current circumstances and pupils’ interest. 
Under the prism of CHAT pupils participate in meaningful cultural activities and 
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receive scaffolding for improving of actions towards an inspiring object into the 
whole activity system.
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INTRODUCTION 

 

During the course of the conference, live presentations in Strand 16, ‘Science in the 

primary school’ included one symposium, 23 oral presentations and three interactive 

posters, all of which had been reviewed and accepted for inclusion. Just ten of those 

presentations were submitted for this e-publication, nine of which met the technical 

requirements and are reproduced in the following pages.  Readers must be aware 

therefore that the papers in this section do not exemplify the distribution of interests 

and approaches represented in the live conference.  Nonetheless, the range of issues of 

the authors whose work is reported here spans a wide range of enquiries from a 

selection of speakers from Cyprus, Germany, Greece, France, Italy, Japan, Malta, and 

the United Kingdom. 

Boivin-Delpieu, Becu-Robinault, and Lautesse (France) describe a case study of 

primary school science teachers’ conceptions concerning experimentation. Their 

research aims to identify the problems encountered by primary school teachers during 

the implementation of their science lessons. Their analysis is based on the role of 

experimentation as perceived by the teachers when they plan and give science lessons. 

The links between the teachers’ understanding of the nature of science, their views on 

education and learning and their decisions concerning experimentation and learning 

goals are discussed. Their data derives from questionnaires about teachers’ 

conceptions concerning science and science learning, interviews with three primary 

school teachers and the transcripts of video recordings of classroom interactions. A 

first analysis consists in comparing the knowledge that the teacher refers to when 

choosing the experimental situation with the knowledge used to elaborate the 

activities given to students. A second analysis focuses on the gap between the 

experiment as planned and as actually performed. These results are compared to the 

epistemological frameworks of secondary school science teachers. 

Yamaguchi and Kanamori (Japan) describe the evaluation of Japanese primary 

science curriculum materials from the viewpoint of supporting teachers’ learning. 

They consider that science teachers need multiple types of knowledge to teach science 

effectively.  The purpose of their study is to evaluate whether Japanese primary 

science curriculum materials have the potential to support teachers’ learning. It is 

significant that this study investigates for the first time curriculum materials 

developed in a social other than in the U.S. The authors analysed curriculum materials 

provided by all six primary school science textbook publishers in Japan. The science 

topic focus is on the ‘use of electricity’, covered in Year 6 (students aged 11–12 

years). Based on a comparison of their results against those by Beyer et al. (2009), 

they identified characteristics found in the curriculum materials for primary school 

science in Japan, but not in those for high school biology in U.S. Firstly, there is 

stronger support for pedagogical content knowledge for science topics in Japanese 

materials. This characteristic may reflect the historical practice and policy context of 

science education in Japan that emphasises scientific inquiry and also the revision of 

the national curriculum. Secondly, support for implementation guidance is strong in 

Japanese materials.  

Gatt, Byrne, Rietdijk, Dale Tunnicliffe, Kalaitsidaki, Stavrou, Tsagliotis, Gaudiello, 

Zibetti, Scheersoi, Krämer and Papadouris combine four conference presentations that 

made up a symposium concerning inquiry based approaches to primary science across 

Europe. The European Commission for both the primary and secondary levels of 
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education has advocated such an approach to science education. However, 

implementing change in science pedagogy across Europe has proved to be a 

challenge. In addition, cultural and linguistic contexts of learning and education 

systems across Europe vary and make the transfer of educational resources and 

pedagogical approaches difficult. The Pri-Sci-Net project is an ‘FP7 Coordination and 

Supporting Action’ funded by the European Commission, which works to promote the 

Inquiry-Based approach in Science Education (IBSE) with young primary level 

children across Europe. One approach through which the project is trying to promote 

inquiry science is the production of educational materials that are to be translated into 

different European languages. This paper provides the research results of an 

evaluation exercise carried out by some of the partners. The results provide insights 

into the barriers which students and teachers face in implementing the new inquiry-

based approach. The evaluation exercise showed that while there were some cultural 

and linguistic differences, the main difficulties encountered related more to general 

education issues.  These included teachers’ inexperience and lack of confidence in 

implementing the inquiry-based learning approach; children’s expectations of how 

learning in science should be; the structured aspect of some curricula which allowed 

little space for inquiry activities; and teachers’ and students’ uneasiness in getting 

used to a new mode of learning. All these aspects highlight the need for time to allow 

systems, teachers and students to adapt to the inquiry-based learning approach. 

Curricular and pedagogical changes thus need to be introduced slowly, such that 

adjustment takes place gradually. In addition, during this process, schools and 

teachers need to have continuous professional support. 

Halkia-Theodoridou and Starakis (Greece) describe the design, implementation and 

evaluation of a teaching and learning sequence concerning the Moon’s apparent 

movement. The main aim of the sequence was to teach the Moon’s revolution around 

the Earth within a synodic month effectively. A key point for the design of the 

sequence was to deal with the students’ alternative idea that the Moon rises every day 

at the same time, which is attributable to the widespread but erroneous belief that the 

Moon is always visible at night. The implementation of the sequence with K-5 (11-12 

years old) students showed that the majority managed to successfully construct 

knowledge based on key concepts of the Moon’s revolution around the Earth. 

Zacharia, Michael and Olympiou (Cyprus) describe how blending physical and virtual 

manipulative material scan enhance primary school students’ learning in physics. 

More specifically the study aimed to investigate the effect of experimenting with 

Physical Manipulatives (PM), Virtual Manipulatives (VM) and a blended combination 

of PM and VM on sixth graders’ understanding of concepts in the domain of electric 

circuits. A pre-post comparison study design involved 55 participants assigned to 

three conditions. The first condition consisted of 18 students that used PM, the second 

condition consisted of 18 students that used VM, and the third condition consisted of 

19 students that used the blended combination of PM and VM. In the case of the 

blended combination, the use of VM or PM is combined according to the framework 

developed by Olympiou and Zacharia (2012). This framework takes into 

consideration the PM and VM affordances and specifically targets the content of each 

laboratory experiment separately. All conditions used the same inquiry oriented 

curriculum materials and procedures. A conceptual test was administered to assess 

students’ understanding before and after teaching. Results revealed that the use of the 

blended combinations enhanced students’ conceptual understanding in the domain of 

electric circuits more than did the use of PM or VM alone. 
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Fictional narrative is frequently used, especially in early years settings, to introduce a 

new context or area for enquiry early years settings.  There is no single rationale 

underlying such strategies, though children’s predilection to engage with narrative 

tends to be a common feature.  Often, this scene setting is of a very general nature, 

drawing on children’s everyday knowledge and interests with interpersonal plots 

structuring the storyline. Bruguière and Triquet (France) use the term 'realistic fiction' 

because their interest is the context in which the world of fiction interacts with real 

world constraints.  Such scenarios enable the teachers with whom they work to 

explore the interaction between literature and children’s epistemology.  They focus on 

an examination of a ‘problematisation’ or arresting twists in the plot: in this instance, 

the mutual admiration between a tadpole and a caterpillar which ends in the fictional 

tragedy and the ecological reality of the frog consuming the butterfly when each 

achieves its adult state.  The authors describe how the story provides a starting point 

both for looking back over the plot (explaining, understanding and interpreting) as 

well as looking forward beyond the story as presented, exploring the interplay 

between the narrative and what children know of biological reality.  Although the 

term 'metamorphosis’ is never used in words, it is apparent in the illustrations that 

accompany the story.  The culmination of the story has the anthropomorphism of 

inter-species romance meeting the ecological reality of competition for survival.  

Bruguière and Triquet describe some of the implications for the thinking of children 

aged between six and seven. 

James’ (U.K.) exploratory study focuses on the issue of the mediating role of 

language in relation to primary school children’s acquisition of conceptual 

understanding, against the variable of the socio-cultural background of science 

learners.  An explicit apprehension that motivates this research is that children who 

may be defined as socially disadvantaged (with the attendant literacy difficulties 

commonly associated with such deprivation) may be further alienated from achieving 

science conceptual understanding by the special technical language usually expected 

within science discourse.  This concern is deepened by the emphasis in the national 

curriculum for science in England (and the history of its assessment) on children’s 

possession of technical vocabulary. Restricted language access is thus posited as a 

barrier to access to scientific concepts, the solution explored being to remove the 

requirement for linguistic precision (associated with conceptual confusion amongst 

children using restricted language codes) in favour of using 'everyday' language.  This 

study employed ethnographic approaches with the three schools that were selected to 

participate, all serving disadvantaged communities, the focus of the study being 

children ages 8-10, using teacher interviews and classroom observation.  Science 

topics were deconstructed in terms of their linguistic and conceptual aspects, with 

plans to use everyday vocabulary (e.g. ‘pollen catcher’ in place of ‘stigma’).  

Outcomes that might impact on children’s confidence with exploratory discourse and 

reasoning were investigated in this early study. 

Two closely related papers discuss research centred on the transition between primary 

and secondary education and as such, have as much relevance to secondary as to 

primary education.  In fact, it seems that both papers seem to identify instructional 

strategies that have a positive impact in primary education which, when omitted from 

secondary education, result in a negative impact. 

Pollmeier, Lange, Kleickmann and Möller (Germany) address in their paper an area 

they consider missing from previous studies into German pupils’ instruction - the 

perceptions of the students themselves.  Specifically, their study investigated students’ 
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perceptions of their instruction in physics at the primary level and the impact of 

transition to the style of teaching prevailing in secondary school. Their study used a 

quantitative and longitudinal questionnaire design according to constructivist 

principles and administered four times between 4
th

 and 7
th

 grade (9-12 years of age).  

Quantified outcomes were elaborated using qualitative interviews with a sub-sample 

to identify aspects of teaching perceived by students to be conducive to 

understanding. Their study explored learners’ perceptions of changes in their physics-

related instruction during the transition from primary to secondary school and further, 

the perceived characteristics of physics-related instruction described as conducive to 

understanding in the transition phase.  It is of interest that the study identified no 

significant gender effects.  However, features that are perceived by learners as 

supporting teaching for understanding were felt to decline following transition to 

secondary school. Those students who had received consistent physics teaching 

perceived a significant decline across the transition years, with children’s own ‘hands-

on’ investigations receiving particular mention. This work would seem to have 

important implications for guiding changes in pedagogical practices at the secondary 

stage of education in Germany and perhaps more widely. 

An overlapping set of these authors, Walper, Lange, Kleickmann and Möller, 

presented a related paper addressing the same issue: the fact that the interests of 

learners in science tend to decrease during secondary education.  Moreover, the focus 

of research was in the specific domain of physics, drawing on longitudinal 

questionnaire and qualitative interview data in an attempt to identify instructional 

practices that have a positive or negative impact on learners’ interests.  Results 

indicate the major role of practical activities rather than written exercises and 

selection of appropriate difficulty levels in physics instruction for the development 

and maintenance of students’ interests in physics-related school subjects. Other 

studies are cited that confirm results consistent with the reported findings of generally 

very positive attitudes towards science prior to secondary transition, coupled with 

evidence that students’ interests in science as a school subject and in general tend to 

decrease during secondary education, with the decline in interest in physics 

particularly marked.  While there may be little ground for complacency in primary 

education, some pointers for action in the transition and continuation of science 

education in the secondary phase are suggested that could be implemented in teacher 

training and curriculum development. 

 

 

Petros Kariotoglou and Terry Russell 
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CONCERNING EXPERIMENTATION IN SCIENCE. A CASE 

STUDY IN FRANCE 

 

Géraldine Boivin-Delpieu, Karine Bécu-Robinault and Philippe Lautesse
 

Laboratoire S2HEP, UCBL/ENSL, Lyon, France 

 

Abstract: Since 2000, France has advocated an approach based on inquiry methods. It features 

in official national curricula of primary schools, which direct practitioners to take into account 

scientific approaches and learning hypotheses. 

This research aims to identify the problems encountered by primary school teachers during 

their science lesson in the implementation of their science lessons. Our analysis is based on 

the roles of experimentation, as perceived by the teachers when they plan and give science 

lessons. The links between the teachers’ understanding of the nature of science, their views on 

education and learning and their decisions concerning experimentation and learning goals are 

discussed. 

This work aims to provide information on the actual objectives of science teaching in primary 

school. 

Our theoretical frameworks enable to study the functions of experimentation in scientific 

methods related to epistemological attitudes. Classroom practices are analysed from the 

viewpoint of Joint Action Theory as well as modelling. 

Our data corpus consists in questionnaires about teachers’ conceptions concerning science and 

science learning, interviews with three primary school teachers and the transcripts of video 

recordings of classroom interaction. 

A first analysis consists in comparing the knowledge that the teacher refers to when choosing 

the experimental situation with the knowledge used to elaborate the activities given to 

students. A second one focuses on the gap between the planned experimental situation and the 

experimentation actually performed. These results are compared to the epistemological 

patchwork of secondary school science teachers. 

Keywords: Inquiry methods. Joint action theory. Teacher’s conceptions. Experimentation 

 

INTRODUCTION 

In order to address the need to promote science teaching and to allow future citizens to grasp 

scientific issues, most international curricula mark a shift towards inquiry-based learning. In 

these movements France advocates an approach called “investigation method” (Rapport 

Rocard). It has featured in the official curricula of primary and secondary schools since 2000. 

This policy was introduced in order to take into account students’ motivation, scientific 

approaches, and hypotheses concerning science learning. This approach articulates 

questioning, knowledge and experimentation. 

This research, which is part of work carried out for a thesis, is based on the analysis of 

scientific activities proposed in the higher level of primary school (5th grade – 10-year-old 
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pupils), and considered by the teachers as investigation approaches. It aims at characterizing 

the teaching action and at identifying the origin of choices operated during the elaboration and 

during the implementation of this approach. To do so, we study a teaching sequence in 

science on the phases of the moon. In this paper, we present the theoretical framework which 

allowed us to produce a thorough analysis of this sequence: joint action theory in didactics 

and a framework connected to the epistemological postures. We then present the types of data 

collected and the way they are combined in our analysis. Finally, some of the results from the 

analysis of the teacher’s actions are developed. They are compared with results stemming 

from a preliminary inquiry on its representations toward sciences and science teaching. 

 

THEORETICAL FRAMEWORKS 

Joint Action Theory in Didactics (JATD) derives from works carried out since 2000 by 

Sensevy, Mercier and Schubauer-Leoni. It is based on two main hypotheses: the first one is 

that "the image of the game is undoubtedly the least bad to refer to social things" (Bourdieu, 

1987, p. 80, our translation), the second one postulates the existence of a grammar able to 

describe games and its functioning (Wittgenstein, 2004). The JATD is also based on an 

actional approach of speech stemming from the philosophy of language (Vernant, 1997) 

describing the didactic action as a transaction. On these bases, JATD proposes a suitable 

framework to characterize teaching and learning processes. The teacher’s action cannot be 

described and analyzed without taking into account the pupil(s)’ action and the knowledge at 

stake between these two actors. Therefore, the didactic action, that is "what individuals do in 

places (institutions) where one teaches and learns" (Sensevy, 2007, p. 14, our translation), is 

inevitably joint: it is the result of a coordinated and cooperative relation. The didactic action is 

considered as a transaction and modelled as a didactic game to highlight "the emotional 

aspects of the action (the investment in the game) and its actual, pragmatic aspects (when and 

how do we win?)" (Sensevy and Mercier, 2007, p. 19). When the transactional object between 

the actors of the didactic action is related to a particular item of knowledge, the didactic game 

can be assimilated to a learning game. To analyse our date,  we also referred to main concepts 

related to the JATD, that is to say  the notions of didactic contract and milieu but also other 

fundamental tools such as the notions of topo-, chrono- and mesogenesis (Sensevy and 

Mercier, 2002). 

This theory is particularly relevant for our study: it provides suitable tools that allow us to 

describe the teaching action and it acknowledges that the analysis of the activities of the 

teacher and the pupils in class cannot be reduced to the consideration of in situ elements. 

Indeed, as the succession of activities, the objectives, the means of regulation are conceived 

outside the class, it is essential to take into account the construction work of the game carried 

out by the teacher. Furthermore, JATD also considers the non-intentional forms of 

determination of the teaching action: the implicit origins of the didactic behaviour observed 

during the creation and the implementation of the didactic games are investigated. In JATD, 

these determiners, in the sense of "leading processes" (Sensevy, 2008, p. 152), refer to two 

major types of constraints: the addressing nature of the teacher’s action and the teacher’s 

practical epistemology. Concerning the addressing, the teacher’s action is subjected to 

constraints imposed by several institutions in which he acts: the official curricula, the groups 

of parents, the hierarchy are so many elements to be considered to better understand the 

teacher’s intentional didactic action. In other words, the teaching action is addressed to all the 

persons acting in his institution; these elements therefore impose to the teacher a number of 

categories of action such as the knowledge to be taught. Concerning the practical 
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epistemology, the epistemological bases of the teaching action refer to the largely implicit 

theories, specific to the teacher about the knowledge to be taught, the teaching of this 

knowledge, the learning, the learning difficulties. In our research, we aim to spot clues in 

connection with the representations of the teacher towards the learned scientific knowledge 

and the scientific approaches but also towards learning in general and science learning in 

particular. 

Research in didactics has shown that the teachers’ representations toward sciences and its 

teaching play a role in the choices of situations proposed to the pupils. Roletto (1998) points 

out that besides the contents and the educational strategies, the teachers’ representations about 

science have a strong impact on the way they teach and this, independently of the school 

level, of the cultural context and of the scientific domain. For instance, most secondary and 

primary school teachers have an empiro-realistic image of science (Abd-El-Khalick, 2005; 

Cobern and Loving, 2002). Yet, it seems that the teachers who have this vision tend to use a 

deductive type of teaching and to teach established truths (Guilbert and Meloche, 1993). With 

the aim of studying the teachers’ representations towards science, we have first studied the 

roles attributed to experimentation in scientific approaches in relation with epistemological 

positions. Indeed, through our literature review, we aim at conceiving a grid of analysis 

putting in relation some categories of possible experiments and the reasonings requested 

according to the types of approached problems. We have chosen an approach focused on 

experiment because it is the approach to be favoured according to the official primary school 

curricula. For example, in a rationalist vision, experimentation allows the scientist to confirm 

the validity of a theoretical framework whereas in an empiricist vision, it allows them to build 

this framework. In the first case, reasoning guides the construction of the scientific knowledge 

while in the second observations and experimentation are the sources of the choices made. In 

a more constructivist vision, experimentation justifies itself only by the presence of a real 

scientific problem and will have to ally the empirical and theoretical levels of description. 

 

RESEARCH QUESTION 

The main objectives of our research are to characterize the teaching action through the 

conditions for the progress of knowledge in class in order to deduce the determiners of this 

action. As part of JATD, we are looking in particular for the determiners of the teaching 

action in relation to knowledge, official orders and teachers’ representations towards science 

and science teaching. We present here the approach chosen by a teacher during a science 

sequence in higher level of primary school on the phases of the moon. Then, we highlight the 

determiners of choices operated during the elaboration and the implementation of this 

approach. 

 

METHODOLOGY 

Our work is based on the main hypothesis that the determiners of the teaching action have an 

influence on its action in class. As a consequence, the analysis of the observed sequences will 

allow us to partially reconstruct these determiners. 
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Our main corpus was constituted so as to reach the didactic transactions within the class with 

the aim of characterizing the progress of knowledge and to spot determiners of the teaching 

action. It contains a filmed sequence of science lessons. Its main objective is to allow the 

pupils to understand the origin of the phases of the moon by developing an explanatory 

model, which will then be implemented with the equipment at their disposal. The transcripts 

of this sequence, audio recordings of group work, the teachers’ preparation files as well as 

interviews carried out before and after the sequence complete this first corpus. The filmed 

sequence is divided into three levels: every level analysis is likely to enlighten the meaning of 

analyses at the other levels. The first level corresponds to a thematic organization of the 

sessions. This division was chosen to report the meaning of the speech of the class from the 

point of view of the knowledge at hand (Tiberghien, 2007). Every theme is determined by 

linguistic markers of introduction and conclusion and corresponds to a unity of speech 

characterized by a coherence in content (Cross, Veillard, Le Maréchal and Tiberghien, 2009). 

The second level is constituted by the learning games contained in every theme. Every game, 

characterized by a knowledge content, allows us to give indications on the conditions of 

progress of knowledge in class. They can be spotted by a milieu-contract pair as well as by 

the rules of the game. Finally, every game can be divided into episodes, if the necessity arises 

during analysis. This finer granularity constitutes the third level and allows us to identify the 

interactions between the various transactors. We then proceed to an ascending analysis of 

these data. 

Table 1 

Extract from the questionnaire: assertions related to the scientists’ methods  

 Completely 

agree 

Rather 

agree 

Rather 

disagree 

Completely 

disagree 

1. The first working phase of a scientist is always the setting up of 

observations which will allow him to discover facts. 
   

2. The first working phase of a scientist, even before the setting up of 

observations, is to elaborate a theory and then to build hypotheses 

that he will verify experimentally.  

   

3. The scientist elaborates theories only from the analysis of an 

accumulation of rigorous and objective observations. 
   

4. The scientist elaborates theories only by reasoning: experiment 

allows verification. 
   

5. To build a theory, the scientist resorts both to his senses (for 

example observation) and to his reason.  
   

6. A scientist must follow an approach universally acknowledged: 

observation, hypothesis, experiment, results, interpretations and 

conclusion. 

   

7. A scientist must follow an approach universally acknowledged 

which starts from the theory which he applies to phenomena: he 

builds by reasoning some theories that he will verify 

experimentally.  

   

8. The scientist is methodical but he does not always resort to the 

same approach: therefore he moves between theories and 

experiments.  

   

9. The scientist does not follow any predetermined approach: his 

theories may be mere coincidence.  
   

10. Any scientific experiment necessarily requires the handling of 

objects.  
   

11. Any scientific experiment may be reproduced only by thought.     
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In order to validate each of the highlighted determiners, we performed a cross-analysis with 

our second corpus, which consists in a questionnaire organized in two parts: the first one is 

related to sciences, the second one to its teaching. For the first part of our survey, we propose 

the teachers to answer short questions by ticking boxes on Likert scale. Questions elaborated 

refer both to the teachers’ conceptions usually mentioned in published articles and 

epistemological points of views concerning science. All the assertions arise from our 

theoretical research and are organized in three categories: the first one is related to the method 

used by scientists, the second one is connected to the scientific knowledge and finally the 

third one is a more general category on the scientific activity. 

The second part of the questionnaire aims at collecting information on the relationship of the 

teachers with science teaching. It concerns their knowledge of the official curricula, their 

"ideal" vision of science teaching, and their actual practice of science teaching. The whole 

questionnaire was submitted to the teacher observed before the sequence was filmed. 

 

FIRST RESULTS 

The upper part of figure 1 shows the general profile of the sequence as planned by the teacher. 

The lower part of this figure represents how it was carried out. The actual sequence includes 

two additional sessions compared to the teacher’s forecasts. Only the first four sessions were 

filmed. The last session corresponds to the elaboration of the written record which will be 

kept by the pupils in their exercise book; this structuring phase, initially planned in the fourth 

session, was postponed due to the lack of time. To collect information on the progress of this 

short session, we proceeded to an interview with the teacher. 

 

 

We then present the macroscopic and mesoscopic divisions stemming from our analysis. For 

the sake of legibility, the division into episodes of some learning games does not appear in the 

summary table. 

 

Table 2  

General profile of the sequences planned and carried out 
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Table 3 

Cutting in themes and learning games 

 

Sessions Themes Learning games 

S
essio

n
 n

°1
 

Theme n°1: the 

different aspects of the 

Moon 

G1: describe the results of the «organised» observations of the 

Moon during the preliminary work  

G2: share personal experience concerning the observation of the 

Moon 

G3: describe the scientific approach 

Theme n°2: 

formulation of the 

research question 

G4: comment on a summary document of the phases of the 

Moon 

G5: compare the proposed shapes (reference doc) with the ones 

observed  

G6: propose, then select questions 

Theme n°3: putting 

forward hypotheses  

G7: put forward hypotheses individually 

G8: submit the hypotheses put forward to criticism and select an 

hypothesis  

G9: expose the selected hypothesis to the whole class  

 

S
essio

n
 2

 
Theme n°1: reminder 

of the previous session  

 

G1: justify the validity or non-validity of certain hypotheses 

according to the observations made the day before 

G2: describe the observations of the Moon made the day before  

Theme n°2: the 

scientific approach  

G3: find the stage following the one concerning putting forward 

hypotheses  

G4: formulate the possible ways to validate/invalidate the 

hypotheses 

Theme n°3: 

elaboration and 

implementation of the 

protocol of validation 

of the hypotheses 

G5: listen to and understand the directions related to the work to 

be carried out  

G6: elaboration and implementation of the protocol  

Theme n°4: give the 

whole class the 

techniques used to 

validate the hypotheses 

G7: present the results to the whole class  

G8: listen to the working directions  
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and the results  

   

S
essio

n
 n

°3
 

Theme n°1: 

Assessment of the 

previous sessions  

 

G1: list the questions raised in the previous sessions  

G2: remind the hypotheses made 

G3: present and explain the research conditions and the results 

in each group  

G4: summarize the results obtained in the previous sessions  

Theme n°2: literature 

research  

G5: listen to and understand the working conditions toward 

literature research  

G6: analyse the documents chosen in each group 

G7: pool the results  

   

S
essio

n
 n

°4
 

Theme n°1: reminder 

of the different aspects 

of the Moon 

G1: name the different shapes of the Moon  

G2: describe the progress of the shapes of the Moon during the 

cycle 

Theme n°2: elaborate 

and implement a 

«witness» model   

G3: list the necessary equipment  

G4: list the essential elements of the theoretical reference frame  

G5: listen to and understand the working directions  

G6: implement the elaborated model in each group  

Theme n°3: pooling/ 

institutionalization  

G7: discuss the approximations useful to the implementation of 

the model  

G8:  implement a model and discuss it all together  

G9: build a joint interpretation of the results  

G10: listen to and understand the working conditions in 

preparation for a written institutionalization  

 

Sequence analysis  

Planned sequence and sequence carried out regarding official curricula 

The official curricula recommend to favour the development of the scientific attitudes in 

pupils by setting up varied strategies such as observation, questioning or argumentation 

integrated into an investigation approach. They specify that this approach includes five stages: 
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the choice of a baseline situation, the formulation of questioning, the elaboration of 

hypotheses and the investigation proposal, the investigation and finally the acquisition and the 

structuring of knowledge. 

The macroscopic division of the sessions carried out reveals that all the stages recommended 

by these curricula are included. The baseline situation proposed to the pupils consists in some 

preliminary work of guided observations of the Moon (Session 1; Theme 1). The problem 

selected during the first session is related to the explanation of the origin of the phases of the 

moon. (Session 1; theme 2). The pupils are made to draw hypotheses in the same session. 

(Session 1; theme 3). The second session includes the elaboration and the implementation of a 

protocol of validation of the hypotheses (Session 2; themes 3 and 4). The following stage 

recommended by the programmes and initially planned by the teacher is the 

institutionalization of the knowledge. However, we notice that two other investigations, 

related to a literature research (Session 3; Theme 2) and the implementation of a 

demonstration model (Session 4; Theme 2), are necessary to reach an explanation of the 

origin of the phases of the moon that is coherent with academic knowledge. 

To understand why the first investigation does not lead to the elaboration of the knowledge 

aimed as initially planned, we used the analysis of the learning games, as rebuilt by the 

researcher for the division of the second session. We thus put the hypotheses developed by 

every group who resorted to modelling in relation with the result of the implementation of the 

elaborated model. 

- group 1: The tested hypothesis is "the Sun is going to light up a corner of the Moon and 

maybe the whole Moon". During the implementation of their model, the pupils did not 

observe all the phases of the Moon but only a crescent. Their observation does not correspond 

to a correct positioning of three celestial bodies and the origin of the crescent moon is 

erroneous: elements representing three celestial bodies are positioned on the same plane and 

only a thin part of the Moon can be lit up by the Sun. ("We lit up the side where America was 

and there was a corner of the Sun there which left on the Moon"). It seemed to them that their 

erroneous hypothesis could be validated. 

- group 2: the selected hypothesis is that "as the Moon revolves on itself, it is not always lit up 

the same way by the Sun". A confusion between the movements of revolution of the Earth and 

the rotation of the Moon, a lack of precision concerning the point of view to be adopted to 

observe the Moon did not allow this group to observe the various phases. 

- group 3: for this group, the origin of the phases of the Moon may be understood as follows: 

"the Moon has several shapes because the Sun brings some light and when the Moon moves 

the shape of the Moon changes". During the implementation of their model, the relative 

movements are partly correct: rotation of the Moon around the Earth, the revolution and the 

rotation of the Earth. Only the slope of the plane of rotation of the Moon around the Earth 

compared to the plane of the ecliptic is not known. The pupils also specify that the point of 

view to be adopted is that of an observer on the ground. In spite of modelling choices 

compatible with academic knowledge, the results stemming from the implementation are 

erroneous because the pupils assert that it is the Earth which prevents part of the beams of the 

Sun from arriving on the Moon. ("Well, we saw that the Sun, the light made a shape to the 

Moon at the same time as the Earth hides a part of the Moon according to the light and in fact 

we saw certain shapes which are on the drawing"). 

- group 4: the elaborated hypothesis is coherent with the scientific explanation: the Moon is 

always lit up in the same way by the Sun, it is the movement of the Moon around the Earth 
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which leads to some phases for an observer on the ground. The hypothesis is validated by the 

implementation of the model. 

At the end of the modelling phase - elaboration and implementation of the model - (Session 2 

- Theme 3), only the group of pupils who have formulated a correct hypothesis is able to 

provide a scientifically correct explanation for the phases of the Moon. Indeed, apart from the 

group who has not managed to observe the phases of the Moon, all the others validate 

scientifically erroneous hypotheses. To better understand the origin of the errors of 

interpretation of the implemented model, we carried out an a priori analysis of the targeted 

item of knowledge. Through this analysis and the elaboration of a conceptual map, we 

highlighted that the elements necessary for the understanding of the origin of the phases of the 

Moon are related to two domains of Physics: Optics (lights and shadows) and Mechanics 

(movement of celestial bodies). It turns out that the origin of all the mistakes found during the 

analysis of the learning games can be imputed, at least partially, to a misunderstanding of 

notions in these domains: the movement of the Moon around the Earth is badly known, the 

slope of the plane of rotation of the Moon around the Earth compared to the plane of the 

ecliptic is not known, the rotation time of the Moon around the Earth and revolution time of 

the Earth around the Sun are not considered. 

These conceptual gaps prevent the progress of knowledge in the class. Only a change in the 

topogenesis will allow knowledge to progress. Indeed, during session 4, the teacher decides to 

provide the missing theoretical elements and to indicate the approximations necessary for the 

functioning of the model. She then organizes a common modelling to build an explanatory 

model for the origin of the phases of the Moon. 

In her planning, the teacher develops a sequence in compliance with the investigation 

approach recommended by official curricula. During the implementation, we notice that all 

the stages of this approach are present but that they are not presented in the initially planned 

sequence. This empirical approach did not lead to the construction of the targeted item of 

knowledge: from the observed phenomena, the pupils were not able to establish an 

explanation compatible with academic knowledge. Theoretical gaps led the pupils to build 

erroneous explanatory models and prevented them from verifying objectively the validity of 

their hypotheses. 

The targeted knowledge is later built by a rationalist approach, resorting to deductive 

reasoning. Once in possession of all the necessary theoretical elements the pupils were able to 

develop a model in compliance with these elements and to implement it (Session 4, theme 2). 

It is only then that the origin of the phases of the Moon could be explained. (Session 4, Theme 

3). 

We compared the planned approach and the choices made by the teacher during its 

implementation with her representations of science and her teaching, obtained during the 

preliminary inquiry. 

We noticed that the implementation of a teaching approach in compliance with the 

investigation approach is in agreement with her representations on science teaching. Indeed, 

the teacher declares that it is important to ritualize the science sessions and that the 

investigation approach is a good way to get there, as this ritualisation allows the pupils to 

acquire a methodology. Furthermore, she asserts that one of the purposes of science teaching 

is to learn an experimental approach and that experiments allows students to test various 

hypotheses and to build knowledge. This vision is in agreement with our analysis of the 

investigation approach. According to our analysis, it is globally an empirico-inductive 

approach involving a hypothetico-deductive reasoning. On the other hand, this approach is not 
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in accordance with the representations of the teacher towards science: the teacher is in 

agreement with the fact that the scientist does not follow a unique approach of experimental 

type: he must be methodical even if he does not always use the same method. Furthermore, 

according to her, the reasoning of the scientists is not purely inductive or deductive; the 

scientist moves between theory and testing. 

We then focused on the learning games which allowed students to go from investigation to the 

targeted item of knowledge (session 4). We noticed that they were globally in agreement with 

the teacher’s representations of science. Indeed, she thinks that the scientist has to move 

between theory and experience, which is something she imposed on the pupils during games 4 

and 6 of session 4. Furthermore, the teacher declares that a theory is not applicable to all the 

phenomena of reality because it rests on a number of hypotheses and approximations. The 

teacher discusses the necessary approximations to be applied to the model explaining the 

phases of the Moon during game 7 of session 4. Furthermore, she is convinced that a 

scientific knowledge is not the result of an isolated activity of research but a collective 

consensus. We notice that the whole class implements the model in game 8 of session 4. 

 

The determiners of the teacher’s action 

The choice of the approach seems to be determined by the official curricula: the stages are the 

same, the reasoning is of the hypothetico-deductive type, the experiment (here, the modelling) 

is favoured. The teacher planned her sequence by following the approach recommended by 

the official curricula even if this approach is not in coherence with her vision of scientific 

approaches. On the one hand, when she was confronted with the lack of efficiency of the 

initially selected method, she reacted by proposing a new approach to the pupils. This new 

approach is in agreement with her representation of scientific approaches. Globally, we have 

noticed that during session 4 (where this new approach was taken), the teacher’s choices are 

in accordance with her representation of sciences but not with the official curricula any more. 

On the other hand, there are still common points with the teacher’s representations towards 

science learning: for example, she asserts that a science session must end in the construction 

of knowledge. 

 

CONCLUSION:  

The systems of descriptors organized in the various stratifications of JATD corroborated with 

a system of reference elements allowed us to produce a thorough analysis of the conducted 

sequence. The analysis of this particular sequence allowed us to highlight some gaps between 

what was initially planned and what was actually carried out. The combination of this analysis 

with the analysis of the teacher’s representations allowed us to deduce some determiners of 

the teaching action. Within the theoretical framework of JATD, these determiners make a 

reference to bases organized around two major dimensions, namely: the teacher’s addressed 

action and its practical epistemology. Our study highlighted that the first organizer of the 

teacher’s action is related to his addressed action: the official curricula guide the teacher in 

her didactic choices during the preparation and the first sessions. Facing the lack of efficiency 

of the "selected method" and the interruption in the progress of knowledge in class, the 

teacher reacts and finds a solution, the bases of which are epistemological. The determiners of 

the teacher’s didactic action are therefore not identical from one moment to the other: they 

depend on "the efficiency" of those who were previously mobilized. We assume that some 
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determiners are mobilized over others: the teacher’s addressed action first guides his choices 

prior to the elements belonging to its practical epistemology. 
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Abstract: Science teachers need multiple types of knowledge to teach science 
effectively. Davis and Krajcik (2005) promoted the concept of educative curriculum 
materials (i.e. curriculum materials with the potential to support teachers’ learning for 
the development of their expert knowledge). Beyer et al. (2009) evaluated the 
strengths and weaknesses of curriculum materials for high school biology that are 
widely used and commercially available in U.S. However, curriculum materials from 
other countries have not been evaluated. The purpose of this study is to evaluate 
whether Japanese primary science curriculum materials have the potential to support 
teachers’ learning. It is significant that this study investigates for the first time 
curriculum materials developed in a social context that is different from U.S. We 
analysed curriculum materials provided by all 6 primary school science textbook 
publishers in Japan. Nearly all primary schools purchase one of these materials, and 
make one material available to their teachers. The science topic focus is on the ‘use of 
electricity’, covered in Year 6 (students aged 11–12 years). Based on a comparison of 
our results against those by Beyer et al. (2009), we identified characteristics found in 
the curriculum materials for primary school science in Japan, but not in those for high 
school biology in U.S. First, there is stronger support for pedagogical content 
knowledge for science topics in Japanese materials. This characteristic may reflect the 
historical practice and policy context of science education in Japan, which emphasises 
scientific inquiry, and also reflect the revision of the national curriculum. Second, 
support for implementation guidance is strong in Japanese materials. One may 
speculate that this characteristic is peculiar to curriculum materials for primary school 
science teachers who teach science at the primary school level, but lack the necessary 
skills and confidence in teaching science. 
 
Keywords: science teacher education, educative curriculum materials, 
Japanese primary science, pedagogical content knowledge 
 
 
THEORETICAL FRAMEWORK 
Science teachers need multiple types of knowledge to teach science effectively (van 
Driel, Verloop, & de Vos, 1998; Fischer, Borowski, & Tepner, 2012). Davis and 
Krajcik (2005) promoted the concept of educative curriculum materials (i.e. 
curriculum materials with the potential to support teachers’ learning for the 
development of their expert knowledge). 
 
Beyer et al. (2009) evaluated the strengths and weaknesses of curriculum materials for 
high school biology that are widely used and commercially available in U.S. Their 
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analysis identified the following two points: (a) These curriculum materials provide 
support for teachers’ subject matter knowledge and pedagogical content knowledge 
(PCK) to generate ideas among students, but hardly provide PCK for scientific 
inquiry; and (b) for forms of support, although these curriculum materials contain 
implementation guidance to support lesson delivery, they do not contain adequate 
rationales supporting teachers’ decision making in lesson delivery. However, 
curriculum materials from other countries have not been evaluated.  
 

Our study evaluates whether Japanese primary science curriculum materials have the 
potential to support teachers’ learning. The evaluation criteria adopted by Beyer et al. 
(2009) are used in this study. This study investigates for the first time curriculum 
materials developed in a different social context from that of U.S. By mixing and 
cross-referencing curriculum materials from various countries, the emergence of 
international synergy effects between these curriculum materials, complementing 
each other’s strengths and weaknesses, can be expected. The following research 
questions guide this study: 
(a) What is the relative frequency of support of teachers’ subject matter knowledge, 
PCK for science topics, and PCK for scientific inquiry across Japanese elementary 
science curriculum materials? 

(b) What is the relative frequency of rationales and implementation guidance support 
across Japanese elementary science curriculum materials? 
 

RESEARCH METHOD AND DESIGN 
Curriculum materials 
This study analysed curriculum materials provided by all six primary school science 
textbook publishers in Japan. Primary school science in Japan begins in Year 3 
(students aged 8–9 years) and finishes in Year 6 (aged 11–12 years). According to a 
survey by the Ministry of Education in Japan, 419,467 primary school teachers are 
currently teaching 6,887,292 primary school students. Nearly all primary schools 
purchase one of these materials and make one material available to their teachers. 
Curriculum materials in Japan are clearly divided into those for student use and those 
for teacher use. Those for students are textbooks, whereas those for teachers consist of 
two elements: ‘textbook teachers edition’, a student textbook with guidance and 
information for teachers, and ‘the book of materials’, a collection of unit plans, 
suggestions for each lesson, and similar guidance for teachers. The six publishers use 
a common format for all curriculum materials. This study examines ‘textbook 
teachers edition’ and ‘the book of materials’. 

 

Science topics 
The science topic that is the focus of this study is ‘use of electricity’, covered in Year 
6 (students aged 11–12 years). Four subtopics are addressed under this topic: (a) 
generation and storage of electricity; (b) conversion of electric energy (light, sound, 
heat); (c) heat generation by a heating element; and (d) tools and equipment related to 
electricity in daily life. This topic was chosen because they have been added to the 
primary science curriculum in the 2008 revision of the national curriculum. Most 
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teachers may need support in planning and implementing the lessons of these topics. 
 

Evaluation criteria 
The study adopted 25 criteria developed by Beyer et al. (2009), which can be further 
divided into nine categories, based on the domains and categories of science teachers’ 
professional knowledge under the principles of design heuristics proposed by Davis 
and Krajcik (2005). They can be separated into three major categories: PCK for 
science topics, PCK for scientific inquiry, and teachers’ subject matter knowledge. 
The 25 criteria can also be divided into two categories in terms of forms of support: 
Implementation guidance and rationale. Regarding the criteria in the category of 
teachers’ subject matter knowledge, because the acquisition of subject matter 
knowledge by teachers supports their own learning but not the use of instructional 
approaches and activities during lessons, no criterion exists for implementation 
guidance. Therefore, following Beyer et al. (2009), we coded those criteria coded in 
this category as ‘subject matter support’, and separated them from the categories of 
implementation guidance and rationale. 

 

Analysis 
As mentioned, we coded statements found in the curriculum materials based on the 
evaluation criteria by Beyer et al. (2009). The unit of analysis is a ‘segment’ of a 
statement; segments comprise one or a few sentences. Although the ‘textbook 
teachers edition’ contains statements intended for students (i.e. that are the same as 
those in the student textbook), we analysed only extractions consisting of guidance 
and information for teachers. To ensure reliability, following Beyer et al. (2009), 
approximately 20% of data were independently evaluated by two people other than 
the authors. This exercise yielded high match rates, all at or above 81.7%. Where the 
two parties’ views differed, we asked the other party to consult with us and reach an 
agreement. Once coding was completed, descriptive statistics were used to determine 
in what ways each publisher’s curriculum materials support the domains and 
categories of science teachers’ professional knowledge, as well as what forms of 
support each publisher’s curriculum materials provide for teachers’ learning. The 
descriptive statistics identified the types and frequency of domains and categories of 
professional knowledge found in the curriculum materials, as well as the types and 
frequency of forms of support found. Beyer et al. (2009) evaluated one curriculum 
material from each publisher included in their study; to secure comparability with 
their results, data for the ‘textbook teachers edition’ and the ‘book of materials’ were 
combined in our study. A comparison of the curriculum materials from the six 
publishers yielded no significant difference; all curriculum materials show a similar 
tendency. Therefore, we present descriptive statistics combining data for all six 
publishers, rather than for each publisher individually. 
 

RESULTS 
Table 1 shows the frequency and percentage of support for teacher knowledge 
domains across programs. To compare the results of our study with Beyer et al. 
(2009), we conducted a 2 × 3 chi-squared test. The result shows a statistically 
significant difference between our study and Beyer et al. (χ2 (2) = 19.5, p < .01).  
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Table 1 

Frequency and Percentage of Support for Teacher Knowledge 
Domains/Categories Across Programs 

 Our Study  Beyer et al. 
(2009) 

 
Domain/Category 

Freque
ncy of 

Support 

Support 
(%) 

 Freque
ncy of 

Support 

Support 
(%) 

 
Domain: PCK for Topics 

     

Category 1. Support teachers in 
using scientific phenomena 

368 43  87 15 

Category 2. Support teachers in 
using representations 

18 2  72 13 

Category 3. Support teachers in 
regards to students’ ideas  

63 7  159 28 

Total Support for PCK for 
topics across programs 

449 53  318 55 

Domain: PCK for Inquiry      
Category 4. Support teachers in 

engaging students in questions 
136 16  25 4 

Category 5. Support teachers in 
fostering data collection/analysis 

7 <1  7 1 

Category 6. Support teachers in 
helping students design 
investigations 

3 <1  6 1 

Category 7. Support teachers in 
engaging students in 
explanations 

36 4  3 1 

Category 8. Support teachers in 
promoting scientific 
communication 

1 <1  31 5 

Total support for PCK for 
inquiry across programs 

183 21  72 13 

Domain: Teachers’ Subject Matter Knowledge 
Category 9. Support teachers in 

learning about science 
224 26  183 32 

Total 856 100  573 100 

	  

	  

	  

Strand 16 Science in the primary school

2958



The residual analysis shows that, whereas our study materials score higher for PCK 
for scientific inquiry, those by Beyer et al. (2009) score higher for subject matter 
knowledge. This analysis shows that support for teachers’ subject matter knowledge 
is stronger in curriculum materials for high school biology in U.S than in those for 
primary school science in Japan, and conversely, that support for teachers’ learning in 
relation to PCK for science topics is stronger in the curriculum materials for primary 
school science in Japan than in those for high school biology in U.S. 
 

Table 2 shows the frequency and percentage of support for different forms of support 
across programs. We conducted a 2 × 3 chi-squared test to compare results, and 
showed a statistically significant difference between our study and Beyer et al. (χ2 (2) 
= 137.9, p < .01). The residual analysis shows that, whereas this study’s materials 
have more implementation guidance, those in Beyer et al. offer more thorough 
rationales. This analysis show that support for teachers’ learning regarding rationale is 
stronger in curriculum materials for high school biology in U.S than in those for 
primary school science in Japan, and also that support for implementation guidance is 
stronger in curriculum materials for primary school science in Japan than in those for 
high school biology in U.S. 

 

DISCUSSION AND CONCLUSION 
Based on the results, we identified characteristics found in the curriculum materials 
for primary school science in Japan, but not in those for high school biology in U.S. 
First, support is stronger for PCK for science topics in the Japanese materials. 
Conventionally, primary school science in Japan encourages apt students to suggest a 
hypothesis by providing them with a driving question, and then allows students to 
collect and analyse data in order to test the hypothesis through an observation and 

Table 2	  

Frequency and Percentage of Support for Different Forms of Support Across 
Programs 

	   Our Study	    Beyer et al. (2009)	  

 

Forms of Support	  

Frequency 
of Support 

Support 
(%)	  

 Frequency 
of Support	  

Support 
(%)	  

      

Implementation Guidance	   610	   71	    277	   48	  

Rationale 53 3  113 20 

Subject Matter Support 223 26  183 32 

Total 546	   100	    573	   100	  
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experiment, a process referred to by the term ‘problem-based learning’ (e.g. Ogawa, 
1993). In addition, in the 2008 revision of the Japanese national curriculum, an 
educational aim is to engage pupils with the practice of scientific explanation from the 
primary school stage. Thus, in conclusion, curriculum materials for primary school 
science in Japan score favourably in PCK for science contexts because they reflect the 
historical practice and policy context of science education in Japan, which emphasises 
scientific inquiry, and also reflects the revision of the national curriculum. 
 

Second, support for implementation guidance is strong in the Japanese materials. One 
may speculate that this strength is peculiar to curriculum materials for primary school 
science, because it is a pressing issue not confined to Japan, that of how to support 
teachers who teach science in primary schools but lack the necessary skills and 
confidence in teaching science (Avraamidou, 2012; Mikeska, Anderson, & Schwarz, 
2009). By considering this point, we may conclude that helping teachers utilise the 
teaching approaches and activities in these curriculum materials will be an 
immediately effective approach of directly supporting primary school teachers 
delivering science lessons. Without this type of support, science lessons based on the 
national curriculum cannot be delivered effectively in a consistent manner in schools 
across the country. In conclusion, the curriculum materials for primary school science 
in Japan should be effective in supporting learning among primary school teachers 
who find teaching science to be difficult. 
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Abstract:This paper combines 4 presentations making up a symposium. Inquiry-based learning 

in science has been advocated by the  European Commission at both primary and secondary level 

of education (Rocard et al, 2007) However, changes in science pedagogy across Europe has 

proved to be a challenge. In addition cultural and linguistic contexts of learning  and education 

systems across Europe vary and make the transfer of educational resources and pedagogical 

approaches difficult. The Pri-Sci-Net project is an FP7 Coordination and Supporting Action 

funded by the European Commission which works to promote the  Inquiry-Based approach in 

Science Education (IBSE) with young primary level children across Europe. One approach 

through which the project is trying to promote inquiry science is through producing educational 

material (in the form of 45 IBSE activities) which are to be translated in different European 

languages. Recognising European diversity, some of these activities were then tested for cultural 

and language adaptation in the partner countries. This paper provides the research results of an 

evaluation exercise carried out by some of the partners. The results provide insights into the 

barriers which students and teachers face in implementing the new inquiry-based approach. The 

evaluation exercise showed that while there were few cultural and linguistice differences, the 

main difficulties encountered related more to general education issues such as: teachers’ 

inexperience and lack of confidence in implementing the inquiry-based learning approach; the 

children’s expectations of how learning in science should be; the structured aspect of some 

curricula which allowed little space for inquiry activities; and teachers’ and students’ uneasiness 

in getting used to a new mode of learning. All these aspects highlight the need for time to allow 

systems, teachers and students to adapt to the inquiry-based learning approach. Curricular and 

pedagogical changes thus  need to be introduced slowly such that adjustment takes place 

gradually.  In addition, during this process, schools and teachers need to have continuous 

professional support. 

Keywords: Inquiry-based learning, Primary, Challenge to implementation 
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INTRODUCTION 

There is a worldwide call to increase the number of young people pursuing science later in their 

schooling and at University (Osborne and Dillon, 2008). This reflects the different governments’ 

needs to remain competitive in a global market through a constant supply of scientists and 

researchers who innovate and introduce new products in the market. Such need is reflected 

across Europe and is targeted specifically in the EU2020 Strategy (European Commission, 

2010). 

The experiences in science at primary level that young children have can sow the seeds of 

interest and understanding in science. However, the way in which science, including primary 

science is often taught leaves little room for inquiry based learning and the development of 

scientific literacy (Osborne and Dillon, 2008). This situation may thus decrease students’ 

appetite for continuing with science and may be responsible for the decline in the numbers of 

students following a science or technology career (Rocard et al., 2007).  In addition, during the 

past two decades, many studies have indicated a decline in young people’s interest for science 

and mathematics (Osborne 2003).  International monitoring studies like PISA have also revealed 

that the level of scientific literacy in a number of countries, among them European countries, is 

disappointing. Reports on the state of Science Education in Europe (Rocard et al 2007; Osborne 

& Dillon 2008) have consequently provided recommendations to improve scientific literacy at 

European level. 

The International Bureau of Education for Teaching Science and Technology at primary and 

secondary level (Poisson, 2000), argues that Science Education should involve: (1) scientific 

content; (2) scientific approach to inquiry; and (3) science as a social enterprise. These 

recommendations have recently converged into a novel approach, already advocated in the US, 

towards Science Education, the so called Inquiry Based Science Education (IBSE) (e.g., Bell, et 

al., 2010). Thus, gaining an appreciation of how science works in conjunction to understanding 

science concepts and developing investigative skills is best achieved through inquiry, which is to 

start from an early age, and is regarded as an important factor in retaining students’ interest in the 

subject in later years.  Inquiry based science education has been shown to be efficacious in 

stimulating children’s curiosity and interest about the world. Furthermore it is an inclusive 

pedagogical approach that enables children regardless of differences in attainment levels or 

gender to engage in science activities and enjoy doing science. 

This paper presents some insights gained on the barriers that: education systems, schools, 

teachers and students experience and have to overcome when implementing Inquiry-based 

learning at primary level.  

 

THEORETICAL BACKGROUND:INQUIRY SCIENCE AT PRIMARY 

LEVEL 

There are various problems with pedagogy at primary level. Research in the United Kingdom 

shows how conceptual level of understanding has decreased since the 1970’s (Tymmes et al., 

2008). One of the major obstacles identified is the number of primary school teachers who find 

themselves having to teach a subject which they are not that confident in.  Primary teachers tend 

to be class teachers, teaching a range of subjects.  In addition to the basic language and numeracy 

skills, they are also required to teach, along other areas also science, a subject in which they lack 
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sufficient self-confidence and knowledge.  Faced with limited knowledge and understanding, 

primary teachers often choose the traditional ‘chalk and talk’ approach with which they feel 

more comfortable and consequently avoid inquiry-based methods that require them to have 

deeper integrated science understanding.  The pedagogy adopted is that of memorizing scientific 

knowledge rather than promoting understanding; furthermore, teachers are also faced with heavy 

workloads which leave little time for meaningful experiments.  In addition, research shows that 

children reflect on their own everyday direct experiences of the world around them when using 

scientific knowledge (Gatt et al, 2007; 2008).  They rarely fall back on knowledge that they have 

gained in traditional ways at school.  This highlights the great need for young children to 

experience and live science rather than reading about it. It is thus of great importance to help 

primary teachers to develop the skills in using Inquiry based learning and approaches which 

promote the engagement of children in science. Fortunately gender differences in science have 

not appeared at primary (Haworth et al., 2008). This does not mean that the gender dimension 

does not need to be taken into consideration as gender differences appear instead in terms of 

attitudes with boys holding more positive attitudes (Weinbourgh, 1995). 

At primary level, inquiry based learning is perfectly adapted to young children and appropriate 

for introducing science education as it makes the best use of children’s innate tendency to want 

to learn and know more – to  feed them when they are still in their  ‘curiosity golden age’ 

(Rocard, 2007).  Having said this, it is to be acknowledged that there are already many dynamic 

teachers who have developed multiple innovative practices.  They are an untapped resource. 

Inquiry-based science education (IBSE) has also proven its efficacy at both primary and 

secondary levels in increasing children’s and students’ interest and attainment levels and at the 

same time stimulate teacher motivation (European Commission, 2007).  IBSE is also found to be 

effective with all kinds of students from the weakest to the most able and is fully compatible 

with the ambition of excellence.  This is mainly the case as it allows children to engage with 

science phenomena at different levels.  Moreover IBSE is beneficial in promoting science with 

girls as they enjoy participating in science activities and can pursue aspects of science more to 

their interest. It thus works in favour of promoting better attitudes towards science, particularly 

with girls who tend to be less enthusiastic. 

 

THE PRI-SCI-NET PROJECT 

PRI-SCI-NET is an EU funded FP7 Supporting and coordinating action (Call SiS-2010-2.2.1.1) 

on innovative methods in science education: teacher training on inquiry based teaching methods 

on a large scale in Europe. The project is coordinated by the Malta Council for Science and 

Technology (MCST) and has 17 partners from 14 countries. The project started in September 

2011 and is three years long. 

The project promotes the use of the Inquiry-based learning approach among primary teachers 

teaching science to young children in the age range of 3-11 years.  In doing so it has brought 

together a group of science educators from all over Europe specialising in primary science 

education to develop together 45 inquiry-based activities for children between the ages of 3 and 

11 years (Keys & Bryan, 2001).  The project also intends to set up a Europe-wide network for 

professionals and academics in the area of Primary Science Education. Furthermore, as PRI-SCI-

NET acknowledges the need to train and network primary teachers, teacher-trainers and 

educators as part of their professional development there is a significant investment in national 
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and international teacher-trainings and conferences across Europe. The training and professional 

support to teachers aims to help them use Inquiry based learning in Science in schools. A virtual 

platform at European level will also be developed to network professionals as well as support the 

organisation of training courses. The project also recognizes teachers’ and researchers’ 

achievements through a Certificate of Excellence. 

 

The Vision for Inquiry-based learning in Science 

The Pri-Sci-Net team of about 30 primary science educators from a number of  EU Member 

States have worked together to develop the vision for inquiry-based learning in science which 

they want to promote when doing science with young children. It is believed that a strong vision 

was needed, not only so that all the different partners share the same understanding of the type of 

inquiry which they would like to promote across Europe, but also because a clear vision would 

make the message put forward stronger. Current thinking in education circles on the nature and 

techniques used in inquiry-based learning were considered, and together with their personal 

experience and views, the partners have developed a vision which defines what characteristics 

inquiry-based activities are to have. 

This Vision for doing inquiry with young children within the project Pri-Sci-Net is that: Inquiry-

based science at primary level is a teaching and learning framework with implications about 

learning science, learning to do science, and learning about science. In this framework: children  

• engage actively in the learning process with emphasis on observations and experiences as 

sources of evidence;  

• tackle authentic and problem based learning activities where the correctness of an answer is 

evaluated only with respect to the available evidence and getting to a correct answer may not 

be the main priority; 

• practice and  develop the skills of systematic observation, questioning, planning and recording 

to obtain evidence;  

• participate in collaborative group work, interact in a social context, construct discursive 

argumentation and communicate with others as the main process of learning; 

• develop  autonomy and self-regulation through experience; 

The teacher scaffolds and guides learning by providing a role model of an inquiring learner. The 

teacher does not function, in the eyes of the children, as the sole bearer of expert knowledge. 

Instead, the main role of the teacher is to facilitate negotiation of ideas and to highlight criteria 

for formulating classroom knowledge. This builds on Constructivist views of learning that 

provide theoretical support for teachers as facilitators in the students’ process of reconstructing 

their knowledge by interacting with objects in the environment and engaging in higher-level 

thinking and inquiry based problem solving (Crawford, 2000). The assessment framework within 

such a vision is mainly formative, providing feedback to the teaching and learning process for all 

classroom participants. Written examinations leave little space for inquiry and promote too much 

rote learning. Thus formative assessment is considered to be more appropriate. 
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AIMS OF RESEARCH 

This study involved the evaluation of a number of the inquiry activities developed by the project 

partnership. The inquiry activities were initially chosen from a larger selection of activities 

proposed by the partners. These were evaluated against the criteria reflected in the project vision 

of inquiry. The 45 activities eventually chosen were then translated and a number of them were 

to be trialled in the different countries for linguistic and cultural adaptation. 

The specific research questions targeted in the evaluation exercise were the following: 

1) What linguistic difficulties have been identified in translating and implementing the activities? 

What linguistic aspects need to be taken into consideration? 

2) What cultural problems/difficulties have been identified in implementing the activities in the 

different countries across Europe? What cultural aspects need to be taken into consideration 

when translating in the different languages for use in different countries? 

3) To what degree do the activities evaluated fit within Pri-Sci-Net’s vision for IBSE in primary 

science? What aspects need to be given extra attention in the development of the education 

material? 

 

METHODOLOGY 

The main evaluation tools used for the research exercise involved: non-participant observation; 

interview with the teachers after implementing the activities, and with a number of children after 

the activity. All the research tools focused on observing and identifying how well the inquiry-

based activities were well received by both teachers and students, as well as whether they also 

encountered any difficulties with respect to the activities involved and any language used during 

the activities. These tools provided rich data on the implementation of inquiry across Europe. 

In this paper, the results obtained by the partners involved in trialling the activities in England, 

France, Greece and Germany are reported. 

Greece 

In Greece, the learning of natural science at primary level is integrated with the social sciences 

under the subject of ‘studies of the environment’ and which is taught between the ages of 7 and 

10 years. This fulfils one of the stated goals of the primary curriculum in Greece which includes 

the familiarisation with scientific thinking and scientific methodology (including observing, 

collecting, utilising data, forming hypothesis, experimenting, analysing and interpreting data, 

drawing conclusions, making generalisations and constructing models) and information and 

communication technology, so that they (students) are fully prepared as future scientists to carry 

out research and technology planning (CTPSCFNS, 2003, P171). In Greece, three activities, 

namely ‘shadows’ which was developed by the University of Southampton, United Kingdom, 

and two other activities ‘Air as Matter’ and ‘Magnetic Power’ developed by the University of 

Tvarna, Slovakia,  were translated into Greek. Following authorisation from the Cretan Regional 

Educational Authority the activity on magnets was tested with the 3
rd

 Grade (9 year olds), while 

the activities ‘Air as Matter’ and ‘Shadows’ were trialled in the 2
nd

 Grade (8 year olds). The 

activities were tested in four primary schools, two of which were held in urban areas and the 

other two in rural areas. 
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Before the pilot, a 3 hour training seminar was held with each of the school teachers who were 

going to use the materials. The aims of the session were to familiarise the teachers with the Pri-

Sci-Net goals, vision of inquiry as well as the activities that were to be tested. As part of the 

evaluation process, four students from each class was interviewed as well as the teacher at the 

end of each session. Parents’ consent was obtained for interviews following the project’s ethical 

protocol. The activities were carried out in the normal classroom in all cases except one which 

was carried out in a science laboratory. The size of the calss in the urban schools was double (22) 

that in the rural schools (10). 

France 

Primary school in France includes both kindergarten and elementary school, and it is organized 

in three cycles.  During the first cycle (kindergarten) science learning is meant as a discovery of 

the natural world, by sensibilizing pupils to human duties towards animal, plants and health. The 

second cycle (last year of kindergarten, Preparatory Course and First Elementary Course) is 

dedicated to acquisition of skills like orientation in space and time and classification of objects 

and materials. Finally, in the third cycle (Second Elementary Course, First Intermediary Course, 

and  Second Intermediary Course) pupils are introduced to perform guided experiments, as well 

as to educative technologies. 

Teachers of an urban Parisian public elementary school and researchers of University of Paris 8 

were involved in the testing of three IBSE activities. The activity Seed Spinners - developed by 

the University of Southampton, England -  was tested in two classes (54 children) of 6-7 years 

old pupils. The activities Air as matter and Magnetic power developed by the University of  

Tvarna, Slovakia - were tested in five classes (respectively 107 and 28 children) of 7-8 year old 

pupils. 

In a preliminary phase, several meetings were arranged with pedagogical staff in order to present 

the project, discuss its relevance with relation to cultural and contextual factors, its pertinence to 

the school curricula, and its applicability in terms of logistics, timing, ethics and safety issues. 

Further meetings have taken place during the implementation of the activities, to progressively 

adjust the scenario of the pedagogical sheets according to the class needs.  

The activities were carried out during the lessons in class. Interviews, questionnaires and 

observation schedules were employed by the researchers to mainly estimate: enjoyment of the 

activities, novelty of the approach, its appropriateness with relation to age, curriculum, linguistic 

as well as cultural context, and its effectiveness in  terms of progressive IBSE skills acquisition 

(observing, collecting evidence, using evidence, making critical discourse etc.). These 

estimations were made both by pupils and by teachers.  

England 

In England there generally exists a positive climate with regard to Inquiry Based Science 

Education at primary level, and at Early Years level, the general philosophy of learning (in 

which effective teaching and learning is considered to be characterised by playing and exploring, 

active learning, creating, and thinking critically) fits very well with the IBSE principles. IBSE 

has for decades had a strong focus in the primary curriculum, but in September 2014, a new 

national curriculum will be implemented which will focus more strongly on learning facts and 

concepts. In primary education, science as a subject has less status than maths and English,as a 

consequence there is less time available to teach it, and thus  makes it more difficult to deliver 
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IBSE lessons, which often require longer time. Also, despite the fact that teachers are trained in 

the IBSE approach during their teacher education, science is one of many subjects they receive 

training in and the total duration of the full training is relatively short. Many teachers therefore 

still lack confidence in teaching science, especially inquiry based aspects.  Furthermore, there are 

not many opportunities for IBSE professional development in England, and it is generally very 

difficult for teachers to be allowed time away from school in order to receive further training.  

The project partners from the University of Southampton (UOS) and the Institute of Education, 

University of London (IOE), were involved in the trialling of the activities in England. The 

activities trialled included ‘Exploring the world around us: shadows, day and night’, developed 

by UOS; and ‘Exercise for Health’ and ‘Magnetic Power’ which were both developed by the 

University of Tvarna, Slovakia. These activities were developed for children aged 6-8 years; 

however in England they were trialled with children aged between 5 and 8 years old, as this are 

the early primary age ranges in England. Each of these three activities was trialled four times 

(and the Magnetic Power activity an additional fifth time), in different age groups at different 

schools across the South of England.  

In addition, the partner from the IOE trialled three activities with younger children aged 3 to 5 

years old. The activities trialled with this age group included ‘Magnets’ developed by the 

University of Cyprus; and ‘The Swing Game’ and ‘Strong Walls’, both developed by KATHO, 

the partners from Belgium. Each of these activities was trialled once, in two different Early 

Years education settings in London. 

The activities were observed using an observation rating scheme which was designed by the 

KATHO partners in Belgium, and used by all partners for the trial observations. After the 

activities were finished, individual or small groups of children were interviewed for up to 20 

minutes about their views and feelings about the IBSE activity; whether this was a novel way of 

working for them; what they enjoyed; and what they found challenging or less enjoyable. The 

teacher was then interviewed for up to 20 minutes with regard to any linguistic or cultural issues 

encountered upon implementing the activity; any adaptations they made or would make if using 

the activity again in the future, and why; and to rate the activity against the PriSciNet criteria of 

inquiry based science education. 

Germany  

Inquiry-based approaches are mentioned in major German policy papers for preschool and 

primary school, and it is emphasized that children should be able to ask relevant, scientific 

questions and to investigate them. However, during initial teacher training, science is only an 

optional subject of minor importance. In preschool, teachers often feel overburdened by teaching 

sciences due to their lack of science knowledge. In primary school, natural science are taught 

together with social sciences and history, and teachers feel unsure with their own expertise on the 

subject matter as well as on inquiry approaches. 

The evaluation exercise in Germany was done with 6-8 years old pupils (n=73) from three 

different classes in two different urban schools. The activities’ themes covered “Seed spinners” 

by the University of Southampton, “Exercises for Health” and “Air as Matter” developed by the 

University of Tvarna, Slovakia. The relevant school authorities were contacted for permission to 

carry out the research in schools. Following obtaining these permissions, support was provided 

to teachers (primarily background information about the scientific content) to be able to 

implement the inquiry activities in the class.  
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RESULTS 

 The trials that took place have shown that the children in the four countries included in this 

study were overall very excited to do science through inquiry. They were very eager to handle 

objects and try things out themselves. This aspect was also acknowledged by all the teachers 

involved. These results are not new and resonate with other studies as well as arguments put 

forward in favour of the inquiry-based approach in science as one of the main pedagogies to be 

used to teach science (cf. Rocard, et al, 2007). 

The research, however, helped identify some insights into the impact of implementing inquiry-

based activities at national level across Europe. These insights were categorized at student, 

teacher, school, and system levels. These insights are not identified for the purpose of carrying 

out a comparative study, but rather to try and understand why it has been so difficult for inquiry-

based learning in science to take off within national education systems in Europe. 

Insights at student level 

Children in each of the four different countries found the activities interesting and were observed 

by their teachers as well as the researchers to be very engaged. In Germany, the children were 

highly involved in observations, developing predictions, gathering evidence and communicating 

with others in collaborative group work. This was probably the case because primary level 

children in Germany are used to pedagogical approaches that foster discovery and exploration. 

They communicated with others and participated in collaborative group work. However, 

systematic planning and recording to obtain evidence was less important in these lessons, and the 

teachers adapted the worksheets (mainly simplifying and shortening) to be able to spend more 

time with the children on exploration and active hands-on engagement. Reflection and discussion 

about evidence and explanations was done orally, generally with the whole class, sitting in a 

circle. In England, the children also responded well to the inquiry-based activities; they were 

excited and highly engaged. Children demonstrated scientific learning. Similarly, in France, the 

children’s enthusiasm towards the practical aspect as well as participating in group work was 

noted.  In Greece, children participating had sparkling eyes and were eager to try out the 

experiments with their own hands. This shows both that the activities used reflected the project’s 

vision of inquiry as well as the efficacy of inquiry science teaching. This does not mean, 

however, that no difficulties were encountered while children were learning through inquiry. 

Various aspects of inquiry emerged to be both innovative and engaging but at the same time 

challenging. These challenges create barriers which so far have kept inquiry from establishing its 

presence in the primary curriculum.  

Difficulties with collaborative group work 

It was highlighted in a number of countries that while children were enthusiastic to work 

together, they experienced difficulties in working collaboratively. In England, for example, 

whereas the children spoke favourably about working in groups, they also highlighted that it 

could be challenging, particularly if group members did not collaborate well or did not contribute 

in helpful ways. Circumstances mentioned included having group members who are dominating, 

do not listen or do not give helpful suggestions, or do not respond to suggestions made by the 

group leader. In Greece, children were not very much used to working in groups and during the 

trials there was a need to have one supporting adult with each group in order to facilitate 
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collaborative learning. In France, children were not acquainted to groupwork, so teachers 

proposed to form groups by gathering children with different learning profiles in each group. 

Difficulties with Process Skills 

Children in the different countries demonstrated some difficulties in carrying out the activities 

and in employing process skills which form part of inquiry science. In Germany, for example, 

while children were proficient in carrying out the activities and making their observations, they 

had more difficulties in systematic planning and recording. They also needed the teachers’ 

support in drawing conclusions. These aspects of systematic inquiry were relatively new to the 

children. In England, it was noted that there was a variety in skill levels, and even children at 

equal age group levels sometimes appeared to be at different stages of skills acquisition. This 

affected the level at which children could carry out inquiry activities, thus showing a clear 

impact on progression of inquiry activities within and between age groups. Teachers of children 

in younger age groups often felt that specific scientific process skills were too challenging for 

children at that age, for example making predictions, working in groups, presenting findings or 

plans to the whole class. Teachers of all age groups 5-11 considered it challenging for pupils to 

link their findings with scientific knowledge, and to write down a conclusion. In France, pupils’ 

initial enthusiasm was often followed by moments in which they struggled in expressing their 

naïve conceptions; formulating and remembering hypothesis; considering disproving hypothesis 

as personal failure rather than part of the inquiry process; talking about personal anecdotes that 

were correlated, but not directly pertinent to the on-going activity; and sharing ideas with others. 

Moreover, while the children were engaged in empirical reasoning, they could not autonomously 

construct knowledge upon repeated experiences but needed to be guided to select relevant 

aspects.  However, with respect to the effectiveness of the approach, such struggle led to 

valuable outcomes: both teachers and researchers noted the pupils’ deeper and durable 

understanding of the science topics, besides an improvement in social cooperative against 

competitive attitude towards learning. In Greece, the children were more concerned with ‘getting 

the right answer’ than the process of inquiry. In fact, they were observed to erase their original 

hypothesis to correct it when they had observations which were different from their predictions. 

The process of hypothesising appears to have been one of the major challenges encountered by 

the children as they either were unfamiliar with formulating their own predictions, and even 

more so, to write them down. This demonstrates an underlying assumption that often children do 

not consider their ideas to have much value within the school setting, and that teachers or 

textbooks will usually provide those correct ideas and concepts which they will eventually 

understand and accept. The children need practice over a period of time in order to learn to 

hypothesise within a scientific perspective. 

Difficulty with written texts 

Children also encountered difficulties in using the worksheets during the activities. This shows 

challenges both in being able to prepare worksheets which are within the children’s levels of 

literacy, as well as training children in the process of articulating in writing down their ideas, 

observations and conclusions from a young age. This literacy issue was encountered particularly 

in Greece and in Germany, where in the former, children lacked conviction in their ability to 

write down their hypothesis. Similarly, in France 6 and 7 year old children encountered some 

difficulties with written instructions and two-entry tables. Hence, teachers proposed to replace 

tables by chronological diaries of the activities filled with images and short comments. It was 
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noted that the worksheets used could be made easier and less demanding in terms of the text 

used. However, it also highlights that teachers need to cater for literacy learning during science. 

Writing in science does not only require proficient literacy levels, it also demands that children  

know how to write about phenomena in a scientific way. Thus teachers need to teach literacy for 

science alongside teaching science through inquiry. In England worksheets were often adapted 

by teachers to the age and ability levels of their pupils, which was as expected. Teachers tended 

to focus on the practical aspects of the lesson, rather than writing, though in age group 7-9 

classes, groups were often asked to write down their questions and ideas for investigations on big 

sheets of paper to later present to the class. Often this process was led by an able pupil in the 

group, but other pupils struggled more. Some teachers made a point of spending time on the 

scientific vocabulary involved in the activity, so that the pupils understood the concepts and 

could be encouraged to use them. As described under process skills, less time was spent on 

pupils writing down a conclusion about their findings, and teachers considered this a challenging 

for pupils. One teacher of a younger age group (5-6 years old) specifically said: « I don’t want 

my science lessons to turn into literacy lessons».  

Difficulties in presentation skills 

While children in all four countries involved liked the idea of presenting their work to the rest of 

the class, some also acknowledged that this presented a challenge to them. Children in England 

stated that they were excited to share their work with the rest of the class, but they had difficulty 

identifying what content they had to share and how to put it into words. They were sometimes 

annoyed that other children did not seem to be very interested to find out about other groups’ 

work and thus did not listen to the presentations attentively. This was frustrating to the children 

who were presenting. Some difficulties similar to those identified in England were also 

encountered by children in France, where younger children were not acquainted to 

presentations. For this reason, tteachers had to encourage discussion, by asking the children of a 

group to “persuade” the children of another group. This interpretation of discussion in terms of 

persuasion actually pushed children to find and unfold pertinent arguments providing reasons 

and examples.  

Teachers’ Perspective 

Teachers also provided insights into the challenges of implementing inquiry-based learning in 

science at primary level. The teachers involved tended to acknowledge the value and 

effectiveness of inquiry. This was often a key reason for accepting to participate in the trials. 

Teachers in England highlighted how they liked to provide children with the opportunity to 

discover things about the world around them through hands-on investigations. Providing 

multisensory learning experiences through inquiry was also considered important by some 

teachers. However, although teachers’ demonstrated levels of enthusiasm varied, a number of 

common concerns were highlighted. 

Many of the teachers expressed a degree of lack of confidence in doing science through inquiry. 

This barrier was both the result of a fear of engaging with particular science concepts as well as 

doing the practical activities included as part of inquiry. In Germany, for example, background 

scientific knowledge had to be provided to the teachers. German primary school teachers often 

lack sufficient scientific knowledge and confidence in teaching the subject, background 

information. Professional development opportunities focusing on IBSE approaches would be 

very beneficial to overcome insecurity and to promote primary science education. In France, the 
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researchers collaborated with teachers to divide the main phases of the activity (engagement, 

inquiry, evaluation) in sub-phases or sequences of steps. This allowed setting a work rate for the 

whole class as well making the work of each group comparable, and to define what children 

should have acquired in terms of competence and knowledge at the end of each step. Teachers 

generally agreed about the fact that implementation of IBSE approach need the re-definition of 

many aspects of didactics, from logistics and timetable,  to pedagogical objectives and tutoring, 

and that  an effective implementing of this educational approach should be measured on the 

autonomy of both teachers (initiative taking, flexibility in pedagogiy, etc.) and children (relying 

on evidence, exploiting uncertainity as a stimulus to seek deeper understanding, etc. ). 

Teachers were also observed to be afraid to move away from a teacher-centred approach and 

provide children with more opportunities to express their ideas. In the case of England, despite 

their strong motivation to teach IBSE, teachers often seemed reluctant to fully hand over control 

to the children during their investigative work. It was observed that teachers teaching Early 

Years  groups (3-5 years old) were often more open-ended in their approach than the teachers of 

the 5-7 age groups. This could be related to the more informal and less structured approach to 

learning within the Early Years. In Greece, teachers were inexperienced in inquiry and were 

afraid to encourage children to ask questions. Some were not well prepared and expected the 

research team to facilitate the activity instead. This meant that they were not able to guide 

students through the investigation. 

Difficulties at school and system level 

A number of logistical aspects were also noted to impinge on the implementation of inquiry at 

national level. The curriculum in France, for example, tends to be rigid and content laden, which 

makes it very difficult to implement inquiry in French primary schools. In fact, in France, 

timetabling inquiry proved to be one of the major challenges which needed to be overcome in 

order to be able to trial the activities in this study. This aspect was encountered despite inquiry 

not being entirely new to education in France, following the impact of the ‘Lamain a La Pâte’ 

project over the past ten years. In Greece as well as in Germany, logistical problems were of a 

different nature. The many extra-curricular activities such as Christmas festivities, outdoor 

school activities and others, eat into the normal school learning time. Unfortunately, since doing 

inquiry is considered to be time consuming, it tends to be left out of the limited remaining school 

time-table and thus science inquiry suffers. 

Methods of established assessment at national level can also create barriers to inquiry. 

Summative assessment tends to capture mainly the content learnt while inquiry tends to focus on 

the process of science. The assessment modes do not reflect learning that is best acquired 

through inquiry. This reality was highlighted in England where a strong focus on meeting 

learning targets for individual pupils seemed to result in hesitance on the part of teachers to have 

children do inquiry science on a regular basis, or do it in the child-led way it is intended to be. 

This is because teachers considered assessment of IBSE to be challenging, and were unsure 

about alternative ways of incorporating assessment into IBSE without hindering its process. In 

addition, science curricula tend to reflect such assessment practices too, and give more value to 

content than to process. In terms of inquiry, some teachers in England in fact described the 

existing science curricula as ‘dull’. 
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CONCLUSION 

This transnational study has shown how barriers to implementing inquiry-based learning in 

science at European level present both national and European wide challenges. It is to be noted 

that whereas the European Commission has for long been advocating the inquiry-based learning 

approach in science, few were those governments who followed suite and ensured that an effort 

at national system level be made to find space within the current curriculum. Inquiry-based 

learning presents an innovative way of learning which not only demands new pedagogical skills, 

but also requires more time to implement, as well as new forms of assessment. The result is that 

it is not easy to implement inquiry-based learning within the current existing education systems, 

many of which are still based on a teacher-centred approach and where the acquisition of 

knowledge is considered to be more important than skills development. The challenge at system 

level tends to exist in the different countries involved in this study, even if the challenges are 

different according to the different national contexts. However, if no effort is made at radically 

changing the way that school systems operate, it would remain quite difficult for inquiry-based 

learning in science to become the established mode of learning science across Europe. 
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Abstract: The present study focuses on the planning, implementation and evaluation 

of a teaching and learning sequence regarding the Moon’s apparent movement. The 

main aim of the sequence was to effectively teach the Moon’s revolution around the 

Earth within a synodic month. A key point for the design of the sequence was to deal 

with the students’ alternative idea that the Moon rises every day at the same time, 

which is imposed by the widely spread, erroneous belief that the Moon is always 

visible at night. The implementation of the sequence with K-5 students showed that 

the majority managed to successfully “construct” knowledge based on key concepts of 

the Moon’s revolution around the Earth. 

 

Keywords: Astronomy education, Moon’ apparent movement, students’ ideas 

 

INTRODUCTION 

In the past three decades many researchers have investigated children’s and adults’ 

ideas of several astronomical phenomena (Bailey & Slater, 2004). Some of these 

studies concerned phenomena of the Moon, such as its appearance (Venville, Luisell 

& Wilhelm, 2012), Moon-phases (Trundle, Atwood & Christopher, 2007; Parker & 

Heywood 1998), the “dark” side of the Moon (Dove, 2002; Trumper, 2001), tides 

(Taylor, Barker & Jones, 2003; Bisard, Aron, Francek & Nelson, 1994) and lunar 

eclipses (Bekiroglou, 2007; Barnett & Morran, 2002).  

Students’ ideas regarding the Moon’s apparent movement have been recorded mainly 

as a means of examining the phenomenological foundation of the phenomenon 

(Plummer, 2009; Bekiroglou, 2007; Sharp, 1996; Mant & Summers, 1993). Among 

these ideas, the most frequently met are: a) the Moon is motionless; b) the Moon is 

invisible during daytime; c) the Moon rises every day at the same time.  

As far as the interpretive mechanisms of the Moon’s apparent movement are 

concerned, Starakis & Halkia (2010a) have showed that 5th and 6th grade students’ 

idea that the Moon is always visible at night has led them to believe that: a) the period 

of the Moon’s apparent movement is 24-hour, and b) the Sun and the Moon are 

always at opposite sides of the Earth. Thus, while students are aware of the Moon’s 

presence in the sky, they are not aware of the complexity of the relevant phenomenon: 

that the period of the Moon’s apparent movement in the sky is not 24-hour, but is 

caused by the revolution of the Moon around the Earth and, at the same time, by the 

rotation of the Earth around its axis. 
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To overcome these ideas, a good starting point is to help students realize that each day 

the Moon appears in the sky with a 50 minute delay. 

 

THE APPARENT MOVEMENT OF THE MOON (SCIENTIFIC 

MODEL)  

A systematic observation of the Moon’s apparent movement will help students to 

notice that the Moon rises every day with an approximate delay of fifty (50) minutes. 

According to the scientific model, this delay is due to a combination of two 

phenomena: the simultaneous rotation of the Earth around its own axis once a day 

and the revolving of the Moon around the Earth within a synodic month; both in the 

same direction (counterclockwise). Consequently, if the Moon did not revolve around 

the Earth, moonrise would happen every day at the same time.  Moreover, due to the 

fact that the Earth spins counterclockwise, the Moon seems to rise in the east, and set 

in the west.  

 

THEORETICAL FRAMEWORK 

The present study is part of a research project concerning the teaching of the solar-

terrestrial-lunar system’s related movements. The theoretical framework of the 

research is based on the “educational reconstruction” model. According to this model, 

the analysis of the science content is strongly connected to empirical studies of 

students’ conceptions and “learning pathways”, and is targeted at developing 

instructional modules (Duit, Gropengiesser & Kattmann, 2005).  

Following the steps of the “educational reconstruction” model, a preliminary analysis 

of the science content took place, followed by pilot studies of students’ ideas about 

astronomical phenomena that are linked with the solar-terrestrial-lunar system’s 

related movements (Starakis & Halkia,  2010a; Starakis & Halkia,  2010b). The 

combination of these steps led to:  

 

1) the clarification of the scientific content: 

a) The Earth’s rotation around its own axis, lasting 24 hours, 

b) The Moon’s revolution around the Earth, lasting a synodic month, 

c) The Earth’s revolution around the Sun, lasting a year. 

 

2) the design of a teaching and learning sequence, addressed to 5
th

 grade pupils. It 

consists of three units with modular structure:  

a) The Sun’s apparent movement, b) The Moon’s apparent movement, c) seasonal 

changes 

 

The design of the sequence paved the way for the investigation of students’ “learning 

pathways” concerning the solar-terrestrial-lunar system’s related movements. 

Students’ learning pathways were analysed according to the “teaching experiment” 

method, which combines typical interview and teaching elements (Komorek & Duit, 
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2004). The present work focuses on the planning, implementation and evaluation of 

the second unit of the sequence (The Moon’s apparent movement).  

 

THE RESEARCH 

The research question 

Τhe research question is the following:   

“Can 5
th

 grade students attribute the Moon’s apparent movement to the combination 

of the Earth’s rotation around its own axis and the Moon’s revolution around the 

Earth?” 

 

The structure of a teaching and learning sequence regarding the 

Moon’s apparent movement 

The design of a sequence about the Moon’s apparent movement presupposes that 

students, having completed the first unit of the main sequence (about the Sun’s 

apparent movement), are already aware that the Earth rotates once a day around its 

own axis. 

So, the main steps of the second unit (the Moon’s apparent movement) are the 

following: 

 

1
st
 step 

The aim of the first step is to help students:  

a) to actually observe the Moon’s apparent movement in the sky.  

This is very important, because while students are usually aware of the Moon’s 

presence in the sky, they are not aware of its apparent movement. This is the main 

reason they have the idea that the Moon is motionless  

b)  to express their ideas about the mechanism explaining Moon’s apparent 

movement. 

The means used to achieve this aim is a sequence of eight (8) stills showing the same 

frameof the sky shot at 25 minuteintervals. In these stills, a set of objects (an existing 

electricity pole and wires) act as a concrete “frame of reference”, in relation to which 

tracing the Moon’s position in the sky is easy. Thus, by observing these photographs, 

the Moon’s apparent movement can be easily deduced.  

The sequence of stills is presented to students, followed by the question: 

 

“Why does the Moon appear to change position in the sky?” 

 

Most students would be expected to ascribe the Moon’s apparent movement 

exclusively to the Earth’s rotation around its own axis. 
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2
nd

 step  

The aim of the second step is to help students express their ideas about the period of 

the Moon’s apparent movement. 

The means used to achieve this aim is a sequence of three images (one still followed 

by two sketches). Specifically: a) a still where the Moon appears to be on the top left 

in relation to the previously described “frame of reference” (an electricity pole and 

wires). The position of the Moon will act as a point of reference for the rest of the 

images; and b) two (2) identical paper sketches depicting only the “frame of 

reference” (the electricity pole and the wires). On these sketches students will be 

asked to draw the Moon in the positions they believe it would be (according to their 

ideas).  

Actually, students are asked: 1) to carefully observe, on the first photograph, what is 

the position of the Moon in relation to the electricity pole and wires; 2) to draw on the 

second image (first sketch) the position of the Moon 24 hours later; 3) to draw on the 

third image (second sketch) the position of the Moon 48 hours later. 

It is expected that, in both cases, most students will draw the Moon in exactly the 

same position as that shown in the first image (still), attributing a 24-hour period to 

the phenomenon. 

 

3
nd

 step 

The aim of the third step is to help students confront their ideas about the period of the 

Moon’s apparent movement.   

The means used to achieve this aim is a sequence of three (3) stills (showing the same 

frame  of the sky) shot at 24 hour-intervals. The stills reveal that, after 24 hours, the 

Moon has moved and appears to be in a different part of the sky.      

 

4
th

 step 

The aim of the fourth step is to help students realize that the Moon revolves around 

the Earth.  

The means used to achieve this aim are: a) a sequence of two (2) stills (showing the 

same frame of the sky) shot at 24 hour-intervals. The stills reveal that after 24 hours 

the Moon appears to be at a different position  in the sky; b) a 24-hour periodicity 

floor standing clock (fig.1); and c) bodily-kinesthetic modelling of the Earth’s and the 

Moon’s movements. Α child inside the clock (at the centre) would simulate the Earth, 

by reproducing the Earth’s rotation around its own axis lasting 24 hours, while 

another child, outside the clock, would simulate the Moon. 

By combining these means, students would be expected to realise that, within 24 

hours, the Moon will “slightly” move around the Earth at a direction similar to the 

direction of the Earth’s rotation around its own axis. 
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Figure 1. A 24-hour periodicity floor standing clock 

 

5
th

 step 

The aim of the fifth step is to help students actually observe the daily delay of the 

Moon’s appearance at the same part of the sky. 

The means used to achieve this aim is a sequence of three (3) stills (showing the same 

frame of the sky) shot at intervals of 24 hours and 50 minutes. The stills depict the 

daily delay (50 minutes) of the Moon’s appearance at the same part of the sky. 

       

6
th

 step  

The aim of the sixth step is to help students realize that the Moon revolves around the 

Earth within 29,5 days. 

The means used to achieve this aim are: a) a sequence of three (3) stills (showing the 

same frame of the sky) shot at intervals of 24 hours and 50 minutes. The stills depict 

the daily delay (50 minutes) of the Moon’s appearance at the same part of the sky; and 

b) a 24-hour periodicity floor standing clock (with minutes’ display) (fig.2) 

 

Figure 2.  Floor standing clock of 24-hour periodicity (with minutes’ display) 

 

By combining these means, students would be expected to divide 1440 by 50 in order 

to estimate the time the Moon needs to fully revolve around the Earth. 
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At the end of the sixth step students are expected to conclude that: “The Moon’s 

apparent movement is due to the combination of the Earth’s rotation around its own 

axis once a day and the Moon’s revolving around the Earth within 29,5 days, both in 

the same direction “. 

 

Sample 

The teaching sequence was implemented in 5 primary schools of Athens. 40 5
th

 grade 

students (randomly chosen) took part in teaching experiments, in groups of 4 (2 

groups from each school). 

 

Data Collection 

Pre/post interviews, as well as the video of the intervention /teaching experiments, 

were used for data collection. Post interviews were conducted a month after the 

teaching experiments. The Chi Square test was used for analysing pre/post interviews, 

while qualitative research methods were used for analyzing the intervention /teaching 

experiments (Erickson, 1998). One (1) student didn’t take part in the post interview. 

 

RESULTS 

Post interview analysis revealed that most students (30 out of 40 or 75%) were able to 

attribute the Moon’s apparent movement to the combination of the Earth’s rotation 

around its own axis and the Moon’s revolution around the Earth (category 2 in Table 

1). Common ground among the answers was that the Moon moves daily only by a 

small portion of its orbit around the Earth. A characteristic dialogue deduced from the 

post interviews is presented below: 

 

Student:   In 24 hours, the Earth accomplishes one full rotation around its axis. At 

the same time the Moon moves a little. 

Researcher:  What do you mean with the phrase ‘the Moon moves a little’? 

Student:  The Moon revolves around the Earth. That is why we cannot see the 

Moon at the same place, every day at the same time. 

 

Table 1  

Students’ Answers (Before/After the Teaching Experiment), concerning the cause of 

the Moon’s apparent movement 

Where can the Moon’s apparent movement be attributed? 

 

Pre test 

Ν (%) 

Post test 

Ν (%) 

1. Earth’s rotation around its own axis (the Moon is 

motionless) 

12 (30) 2 (5) 

2. Earth’s rotation around its own axis and the Moon’s 

revolving around the Earth 

1 (2,5) 30 (75) 
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3. The Moon’s apparent movement doesn’t exist 12 (30) 0 

4. The Moon’s other movements (unclassified answers) 3 (7, 5) 0 

5. Earth’s revolving around the motionless Moon 3 (7, 5) 1 (2, 5) 

6. Earth’s revolving around the motionless Sun 1 (2, 5) 0 

7. Incoherent answers 1 (2, 5) 3 (7, 5) 

Note. Pearson chi-square: value=78,310, df=50, p < 0,05 

 

Most students (22 out of 30 students of category 2 in table 1) mentioned at the post 

interview that the Moon’s revolution around the Earth lasts almost a month, while the 

rest (8 out of 30 students of category 2 in table 1) refer to other time periods (e.g. 1 

week, 10 days or half a year). Common ground among all these answers is students’ 

reference that within a day the Moon performs only a small part of its revolution 

around the Earth.   

For example, a students’ characteristic answer was that: 

 

“In 24 hours, the Moon makes a small step around the Earth” 

 

Students also seem to have changed their views about the Sun-Earth-Moon systems’ 

relative positions over a monthly span. The pre-interviews’ analysis shows that the 

majority (82.5 %) claim that the Sun and the Moon are always at opposite sides of the 

Earth. The post-interviews’ analysis revealed that this percentage dropped 

dramatically (15%) in favour of the scientific model (77.5 %) (Table 2). 

 

Table 2 

Most Frequently Encountered Answers, Among Students (Before/After the Teaching 

Experiment), Concerning Sun-Earth-Moon Systems’ Relative Positions Over a 

Monthly Span 

Sun-Earth-Moon Systems’ Relative Positions 

Over a Monthly Span 

Pre test 

Ν (%) 

Post test 

Ν (%) 

 

 

Sun and Moon at 

opposite sides 

 

 

33 (82,5) 

 

6 (15) 

 

Scientific model 

 

 
 

 

 

 

3 (7, 5) 

 

31 (77,5) 

Strand 16 Science in the primary school

2979



 

 

Note. Pearson chi-square: value= 43,781, df=9, p < 0,05 

 

The above results are also confirmed by the analysis of the students’ dialogues during 

the intervention/teaching experiments. A crucial point in the procedure was that the 

observation of the stills which displayed a non-24-hour period of the phenomenon 

helped students to stop considering the Moon as motionless:  

 

“As I can see, the Moon cannot stay still” 

 

Moreover, bodily-kinesthetic modelling of the Earth’s and the Moon’s movements 

helped those students who were modelling the Earth, to almost spontaneously advise 

those students who were modelling the Moon, to slightly move towards the left: 

 

“Make a step towards here (to the left) please” 

 

The analysis also revealed that students found it hard to correlate the direction of the 

Moon’s revolution around the Earth with the fact that the Moon appears daily at the 

same part of the sky with a 50 minute delay. This element was also present during 

post interviews, as only 13 students cited the precise direction, without providing 

further justification: 

 

Researcher: The Moon’s direction around the Earth is similar to the direction of the 

Earth’s rotation around its own axis, according to your sketch.  

Student: Yes. There must be a reason for this, but I cannot suggest any. 
 

On the other hand, students’ ideas about several phenomena of astronomy do not 

seem to have influenced their learning pathways crucially. Specifically: 

i)  The students’ idea that the Moon is always visible at night didn’t seem to have 

influenced their course to the “conclusion”.  During the “teaching experiment”, when 

they found out that the Moon revolves around the Earth within 29,5 days, they were 

asked by the teacher/researcher if they could estimate how many days the Moon 

cannot be seen at midnight  from a specific place on the Earth (e.g. Athens). Almost 

all the students replied correctly: 

 

“Almost every fortnight” 

 

The same conclusion could be drawn from the answers of the students in the post-

interviews concerning the relative positions of the Sun-Moon-Earth over a monthly 

span (see Table 2). 

The same can also be stated regarding the phenomenon of the lunar phases. The fact 

that we do not see the same portion of the Moon every day didn’t seem to have 
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influenced students’ explanations either during the “teaching experiment” or during 

the post-test interviews. 

 ii)  The phenomenon that seemed to hinder the learning process of some students (5 

out of 40) was “eclipses”. These students considered that a solar eclipse should occur 

once a month (in the exact moment when the Moon passes between the Sun and the 

Earth), a fact that, from their point of view, didn’t seem to be rational. A characteristic 

answer deduced from the post-interview, (concerning the frequency of the presence of 

the Moon between the Earth and the Sun) is presented below:  

“Every 29 days, the Moon should pass between the Earth and the Sun, but this does 

not make sense, because then there should be a solar eclipse. On the other hand, I see 

a solar eclipse every few years….” 

 

CONCLUSIONS 

The present study presented the design, implementation and evaluation of a teaching 

and learning sequence, regarding the Moon’s apparent movement.  

The evaluation of the sequence revealed that the majority of the students can build 

bridges between a daily routine phenomenon (the Moon’s apparent movement) and its 

interpretive mechanisms (the explanation according to the Earth-Moon systems’ 

related movements). 

The elements that should be re-examined when designing the sequence in a “full class 

scale” are: a) the connection between the direction of the Moon’s revolving around 

the Earth, and the daily delay of the Moon’s appearance at the same part of the sky 

and b) the handling of the students’ misconceptions about the phenomenon of Moon’s 

eclipses. 
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Abstract: In this study we aimed at investigating the effect of experimenting with 
Physical Manipulatives (PM), Virtual Manipulatives (VM), and a blended combination of 
PM and VM on sixth graders’ understanding of concepts in the domain of Electric 
Circuits. A pre-post comparison study design was used for the purposes of this study that 
involved 55 participants assigned to three conditions. The first condition consisted of 18 
students that used PM, the second condition consisted of 18 students that used VM, and 
the third condition consisted of 19 students that used the blended combination of PM and 
VM. In the case of the blended combination, the use of VM or PM are combined 
according to the framework developed by Olympiou and Zacharia (2012). This 
framework takes into consideration the PM and VM affordances and specifically targets 
the content of each lab experiment separately. All conditions used the same inquiry-
oriented curriculum materials and procedures. A conceptual test was administered to 
assess students’ understanding before and after teaching. Results revealed that the use of 
the blended combinations enhanced students’ conceptual understanding in the domain of 
Electric Circuits more than the use of PM or VM alone. 
 
Keywords: simulations, virtual labs, physical labs, physics, primary school, electric 
circuits 
 
 
INTRODUCTION 
Over the past few years several research studies have attempted to investigate and 
document the value of combining Physical Manipulatives (real world physical/concrete 
material and apparatus) and Virtual Manipulatives (virtual apparatus and material which 
exist in virtual environments, such as computer-based simulations) in science laboratory 
experimentation (e.g., Finkelstein et al., 2005; Jaakkola, Nurmi & Veermans, 2010; Toth, 
Morrow, & Ludvico, 2009; Triona & Klahr, 2003; Zacharia, Loizou, & Papaevripidou, 
2012; Zacharia, Olympiou & Papaevripidou, 2008; Zacharia & Olympiou, 2011).  

However, up until recently a detailed framework depicting how PM and VM could be 
combined/blended was proposed in the literature of the domain (Olympiou & Zacharia, 
2012). This framework takes into consideration the PM and VM affordances (qualities of 
PM or VM that offer the possibility of an interaction relative to the ability of a learner to 
interact) and specifically targets the content of each lab experiment separately. In other 
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words, the PM and VM are blended and used in conjunction in the context of each 
experiment in a way that they match the needs of each experiment separately. More 
specifically, the Olympiou and Zacharia (2012) framework involves a series of steps that 
need to be followed in order to reach a fine blending of PM and VM (see Figure 1).  

 
  

 
 
 
Figure 1: The Olympiou and Zacharia (2012) framework for blending PM and VM. 
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According to Figure 1 blending PM and VM requires following a series of steps 
meticulously. First, it requires the analysis of the study’s teaching material in order to 
identify the overarching general learning objective (e.g., the promotion of conceptual 
understanding), as well as the specific learning objectives of each one of the teaching 
material’s experiments. Second, it requires the consideration of the characteristics (e.g., 
prior knowledge) of the student group that would be involved in the learning process. 
Third, it requires the identification of PM and VM unique affordances through the 
relevant literature review and matching them with the learning objectives at task. Fourth, 
it entails creating blended combinations of PM and VM per experiment, while 
considering at the same time a set of parameters. In particular, blending PM and VM 
requires knowing the PM and VM affordance that are available, whether students could 
switch mode of experimentation (from PM to VM and vice versa), and whether the 
students have the knowledge and skills required for using the VM and PM. 

This framework has been tested successfully among undergraduate students (e.g., 
Olympiou & Zacharia, 2012; Olympiou & Zacharia, in press). In particular, in these 
studies it was found that the use of a blended combination of PM and VM enhanced 
students’ conceptual understanding in Physics more than the use of PM or VM alone. 
However, no data are available concerning the effectiveness of this framework in 
enhancing the conceptual understanding of younger students. In this study, we aimed at 
following the same research design as in our previous two studies, in which three 
conditions were used (PM alone, VM alone, and a blended combination of PM&VM), but 
implement them this time among primary school students. Therefore, our research 
question was to investigate whether the use of blended combinations of PM and VM, 
which are created according to the Olympiou and Zacharia, (2012) framework, enhance 
primary school students conceptual understanding of Electric Circuits more than the use 
of PM alone or VM alone do. 

  

METHODOLOGY 
The participants were 55 sixth graders coming from three different classes of a primary 
school in Nicosia, Cyprus. All students of all three classes were taught about Electric 
Circuits during their science classes by the same teacher for 3 weeks (2 hours per week). 
None of the students had a class on Electric Circuits before.  

The first class/condition involved the use of PM (PM condition, 18 students), the second 
class/condition involved the use of VM (VM condition, 18 students) and the third 
class/condition involved the use of a blended combination of PM and VM (PM&VM 
condition, 19 students) throughout the study.  

The students in all conditions were randomly assigned to subgroups of three as suggested 
by the curriculum of the study (McDermott et al., 1996). This particular curriculum 
follows a social constructivist framework that facilitates a collaborative learning process 
that assures that the engagement is truly collaborative and helps all students express 
openly their ideas. Knowledge and understanding is co-constructed among peers through 
exchanging ideas and experiences, as well as through building on each others ideas. 
However, all the measurements taken and used for the purposes of this study targeted the 
individuals. 
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The curriculum materials used were derived form the Electric Circuits module of the 
Physics by Inquiry curriculum (McDermott et al., 1996) and adopted to serve the needs of 
sixth graders. Specifically, the first three section of the Physics by Inquiry curriculum, 
which focus on performing experiments and drawing inferences from observations to 
construct the concept of current, were used. In section 1, the brightness of bulbs that are 
connected to a battery in different configurations is examined, as well as, simple electric 
circuit concepts that enable learners to account for relative brightness of the bulbs that 
they observe are introduced. In Section 2, students are encouraged to construct a 
conceptual model for an electric circuit from direct experience with batteries and bulbs. 
The purpose of such a model is to enable students to predict the behavior of one- and 
two-bulb circuits of batteries and bulbs. In Section 3, the behavior of bulbs in circuits 
with more than two bulbs and of different arrangements is treated.   

In terms of the experimental material used, PM involved the use of physical objects 
[identical batteries, wires, switches and resistive elements (e.g., bulbs)] in a conventional 
physics laboratory.  

In the case of VM, the Virtual Labs Electricity (Riverdeep Interactive Learning, 2000) 
was used (see Figure 2). It was selected because it retained the features and interactions 
of the domain of Electric Circuits as PM did, but also because it carried unique 
affordances that PM did not (e.g., view of the electron flow). 

 
 
Figure 2. The Virtual Labs Electricity screen. 
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The research design of this study was a pre-post comparison study design (see Figure 3). 
Hence, the same conceptual test (seven open-ended items) was administered before and 
after the study. The time-on-task was the same for all three conditions. 

 
Figure 3. The study’s experimental design. 
 

The conceptual test used in this study was based on tests that were developed and used in 
previous research studies by the Physics Education Group at the University of 
Washington (McDermott et al., 1996).  

Data analysis 
The data analysis involved both quantitative and qualitative methods. All tests were 
scored though the use of scoring rubrics and the resulted student performance scores were 
analyzed by using (a) one-way ANOVA for the comparison of the pretest scores of the 
three conditions, (b) paired samples t-test for the comparison of the pretest scores to the 
posttest scores of each condition, and (c) one-way ANCOVA for the comparison of the 
posttest scores of the three conditions on the study’s test.  

The qualitative analysis involved the identification and classification of students’ 
Scientifically Acceptable Conceptions (SACs) and Scientifically Non-Acceptable 
Conceptions (SNACs) concerning current in the context of circuits that included up to 
five bulbs connected in series or in parallel. Identification and classification of students’ 
scientific (SAC) and scientifically non acceptable conceptions (SNAC) concerning 
current in the context of simple electric circuits or circuits that included up to five bulbs 
connected in series or in parallel. The analysis involved all the open-ended items of the 
study’s test and followed the procedures of open coding. The prevalence of each one of 
the resulting categories for each test was calculated.  

Finally, to ensure objective assessment, the tests were coded and scored anonymously. 
Internal reliability data were also collected. An independent coder reviewed about 25% of 
the data. The reliability measure (Cohen’s Kappa) for scoring the conceptual test was 
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0.93.  The reliability measure (proportion of agreement) for the qualitative analysis 
calculated as the agreement coefficient for the categories of students’ conceptions was 
0.88. Disagreements were discussed after the reliability analysis, and those conceptions 
that were classified differently by the external coder/reviewer were classified according 
to mutual agreement. 

 

FINDINGS 
The one-way ANOVA procedure indicated that the three conditions did not differ in 
pretest scores across all of the study’s tests, F < 1,ns. The paired samples t-test showed 
that all three conditions improved students’ understanding of the Electric Circuits 
concepts at task after the study (p<0.001 for all comparisons). However, the ANCOVA 
procedure revealed differences among the study’s three conditions. Bonferroni-adjusted 
(p<0.01) pairwise comparisons suggested that students’ posttest scores in the PM alone 
and VM alone conditions were significantly lower than those of the students in the 
blended combination PM&VM condition. The pairwise comparisons did not show any 
significant difference between the students’ posttest scores of the PM alone and VM 
alone conditions.  

The qualitative analysis revealed that the PM alone and VM alone conditions shared 
mostly the same conceptions across the Electric Circuits concepts studied, as either SAC 
or SNAC, both before and after the study’s test was administered. The PM&VM 
condition was found to share the same SAC and SNAC with the PM alone and VM alone 
conditions only before the study. After the study the blended combination PM&VM 
condition had the highest prevalence for each SAC and the least for each SNAC.  
 

CONCLUSIONS 
The findings of this study revealed that the use of a blended combination of PM&VM, 
according to the Olympiou and Zacharia (2012) framework, was more conducive to sixth 
graders conceptual understanding of the Electric Circuits concepts than the use of PM 
and VM alone. This complies with the findings of the studies that made use of the 
Olympiou and Zacharia (2012) framework at the university level for enhancing 
undergraduate students’ conceptual understanding in Physics. Hence, it appears that the 
Olympiou and Zacharia (2012) framework could successfully be used at the primary 
school level, at least with students similar to our participants and in the domain of 
Electric Circuits.  

The fact that the use of a blended combination of VM and PM appears to be more 
conducive to learning through laboratory experimentation than the use of PM and VM 
alone, challenges the already established norms of teaching and learning through 
experimentation in the science classroom. Specifically, it challenges the laboratory 
experimentation as we experienced it through PM or VM, in a way that calls for its 
redefinition and restructuring, in order to include blended combinations of VM and PM.  

However, this call for reform creates the need for further research (Winn et al., 2006; 
Olympiou & Zacharia, in press; Zacharia et al., 2012; Zacharia & Olympiou, 2011). In 

Strand 16 Science in the primary school

2988



particular, this or similar frameworks need to be tested across different ages and subject 
domains, as well as wider sample sizes and different types of manipulatives.  
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Abstract: Students’ cognitive and motivational learning outcomes in school are not 

only determined by the design of instruction but are also mediated by how students 

perceive and interpret their instruction. Although the mediating students’ perceptions 

theoretically take a key role in the effectiveness of instruction, up to now studies 

assessing students’ perception of German science instruction in primary school and in 

the subsequent primary-secondary interface are missing. Following up on this 

research gap the PLUS-project investigates students’ perspective of their physics-

related instruction in the transition from German primary to secondary school
1
. 

Therefore 348 students were questioned once a year in a longitudinal design from 

fourth to seventh grade. The investigation focuses on aspects of teaching for 

understanding of physics-related instruction. In accordance with conceptual-change 

and social constructivist theories regarding teaching and learning in science a 

questionnaire was designed. The results showed a significant decline with high effect 

sizes in students’ perception of the defined aspects from fourth to seventh grade. They 

also indicate that students perceive a rupture between their instruction in primary and 

secondary school. So far the question remains open, to what extent students make a 

correlation between the educational features that promote understanding and their real 

understanding of the teaching content. To identify educational features which promote 

the physical understanding from students’ perspective, qualitative interviews with 20 

members of the quantitative sample were conducted additionally. The results of the 

qualitative study identify experiments, teachers’ explanations and the clarity of speech 

as characteristics promoting students’ understanding in primary and secondary physic 

instruction. The results provide hints for the improvement of physics-related 

instruction in the transition from primary to secondary school in order to promote 

students’ understanding of physics.  

Keywords: students’ perception, physics-related instruction, primary-secondary 

transition, teaching for understanding, qualitative and quantitative methods  

 

THEORETICAL FRAMEWORK 

Students’ perception of instructional practice 

In the research of teaching and learning, students’ perception of instructional practices 

has become increasingly important since the 1980s: Students’ cognitive and 

motivational learning outcomes in school are not only determined by the design of 
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instruction but mediated by how students perceive and interpret their instruction as 

well as the students’ individual coping processes (Helmke, 2009; Gruehn, 2000).  

Meanwhile, the validity of students’ perspective in regard to the assessment of their 

instruction could be confirmed by research studies (Kämpfe, 2009).Recent research in 

education identifies students’ perceptions of teaching as predicting significantly 

students’ achievement (Gates Foundation MET Project, 2010; Gruehn, 2000; Helmke, 

2003; Clausen, 2002; Ditton, 2002). Furthermore Gruehn (2000) and Kunter (2005) 

found that aggregated class means are reliable indicators of the teaching quality and 

that the validity of students’ perception could be compared with objective 

observational data. For the assessment of the instruction and the instructional design 

students were referred to as experts because they gather various experiences with 

teaching and instruction in different subjects and with different teachers in the course 

of their schooling (Clausen, 2002; Kämpfe, 2009).  

Teaching for understanding in science instruction 

According to the concept of Scientific Literacy as well as international and national 

curricula, one of the most important goals of school-based learning in primary and 

secondary school is the acquisition of scientific understanding (Bybee & Ben-Zvi, 

1998; Van den Akker, 1998; Kunter et al., 2005). However, international comparative 

studies assessed German secondary school students as having a negative performance 

in conceptual understanding and in applying their knowledge (Prenzel, Geiser, 

Langeheine, & Lobemeier, 2003; Prenzel et al., 2007). In contrast, German primary 

school students reached, in relative terms, a better understanding of science, as well as 

better motivational conditions for the application of science. Although the latter 

ranked third, they came very far behind the frontrunner (Wittwer, Saß, & Prenzel, 

2008; Kleickmann, Brehl, Saß, & Prenzel, 2012). Thus there are more positive 

findings in the primary school opposite to a problematic situation in the secondary 

schools. 

To promote the development of scientific understanding, instruction – in primary and 

secondary school – should support an active knowledge construction. In the research 

of science education especially three theories are discussed which currently have a 

significant importance for the improvement of teaching: Theories of situated 

cognition, social-constructivist approaches and conceptual change theories (Treagust, 

Duit, & Fraser, 1996; Treagust & Duit, 2008). According to these theories, learning is 

an active, social and situated process (Gerstenmaier & Mandl, 1995; Reinmann-

Rothmeier & Mandl, 1998). Therefore, scientific learning which aims to understand 

and to apply knowledge requires opportunities to reconstruct existing knowledge 

(Vosniadou, 1994; Treagust & Duit, 2008), the acquisition and application of 

concepts in everyday-life situations and meaningful contexts (Stark, 2003), a joint 

exchange and checking of assumptions and explanations through cooperative learning 

methods and discourses within the learning group (Mietzel, 2007), as well as a clear 

and understandable communication (Wagenschein, 1992; Sumfleth & Pitton, 1998).  

With regard to the different performances in the international comparative studies 

between primary and secondary school students and the importance of students’ 

perception for the development of their learning gains, the question arises whether 

and to what extent students perceive changes in the design of their instruction with 

regard to the constructivist educational features during the transition from primary to 

secondary school. 
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Current state of research and research question 

Australian and American (interview-)studies performed in primary school provide 

evidence that students describe their science instruction as a student-orientated 

instruction with practical experiments, ‘hands-on’ activities and almost no copying 

from the blackboard (Rennie, Goodrum, & Hackling, 2001; Logan & Skamp, 2008). 

Furthermore a study conducted by Ferguson and Fraser (1998) indicates that students 

perceive their primary school classroom environments more favorably than their high 

school ones, which is at least partly attributable to a fundamental shift in the design of 

science instruction from the primary to secondary school. 

In contrast, students from German secondary school describe their instruction as 

consisting of almost no conversations and discussions in class and as mostly having to 

explain one’s own ideas or having to give one’s opinion. In addition, students 

perceive a lack of transfer of science concepts to everyday-life phenomena, as well as 

a domination of demonstration experiments, where they have to draw conclusions 

from (Seidel, Prenzel, Wittwer, & Schwindt, 2007). Regarding the everyday-life 

reference, a study conducted by Labudde and Pfluger (1999) shows significant gender 

differences whereby the boys perceive more correlations to their everyday-life than 

the girls. The same applies to students’ perception of ‘teaching for understanding’ in 

the instruction (Reyer, Trendel, & Fischer, 2004). 

The listed studies refer to differences in the design of science instruction between 

primary and secondary school perceived by the students. Although the mediating 

students’ perceptions play a key role in the effectiveness of instruction, up to now 

surveys observing students’ perception of teaching for understanding in physics-

related instruction in German primary schools and in the subsequent primary-

secondary interface are missing. Therefore, this research project focuses on the 

following first research question: 

How do students perceive changes in their physics-related instruction during the 

transition from German primary to secondary school (4th to 7th grade)? 

Next to differences in the design of the instruction the question remains open, to what 

extent students make a correlation between the theoretically assumed educational 

features promoting students’ understanding and their real understanding of the 

teaching content. In order to determine whether and to what extent science instruction 

changes concerning teaching practices which promote conceptual understanding in 

the primary and secondary interface the following second research question is 

additionally pursued: 

Which of the perceived characteristics of physics-related instruction are described as 

being conducive to the individual understanding process in the transition phase? 

 

RESEARCH METHODS AND DESIGN 

Regarding the two different research questions formulated in the previous paragraph, 

quantitative and qualitative research methods are combined in this research project. 

For that, data from the DFG²-founded research project ‘longitudinal study PLUS’ 

were used. The PLUS-Project focusses on the German primary-secondary interface in 

physics-related instruction. To gather students’ perception of their physics-related 

instruction in the school transition (research question 1), 348 students were traced in a 

longitudinal design from fourth to seventh grade (cf. figure 1). All surveys in primary 
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and secondary school took place once a year after the physics instruction in the entire 

classes of the 348 students. At the secondary school level, the PLUS-project focused 

on two different types of schools: The Hauptschule (basic general education) and the 

Gymnasium (intensified general education). 

 

Figure 1. Research design including qualitative and quantitative data collections. 

 

Due to the fact that physics is a minor subject in secondary school, it has to be 

considered, that students are not taught physics in each grade. Finally, it is up to the 

school to decide when and how often the students are taught in physics. Therefore 

there are seven different patterns to consider in the analysis of the data, as illustrated 

in table 1. 

 

Table 1 

Different patterns of physics instruction (x = with physics-instruction; - = without 

physics-instruction). 

Pattern Grade 4 Grade 5 Grade 6 Grade 7 

1 x x x x 

2 x - x x 

3 x x - x 

4 x x x - 

5 x x - - 

6 x - x - 

7 x - - x 

 

In order to survey students’ perception in a longitudinal design, a questionnaire had to 

be constructed, which considers the specific needs of the target group (A. Ewerhardy 

and T. Kleickmann had the leading part in the development of the questionnaire). The 

questionnaire was designed in accordance with the above mentioned moderate-

constructivist theories and consists of five scales (cf. table 2): cognitive activating 

student’ experiments, practical activity, daily reference, student generated 

explanations and lack of clarity. Regarding Cronbachs’ alpha coefficients of the four 

measurement points all five scales measure the constructs reliable (cf. table 2). 

Moreover the factorial structure of the students’ questionnaire could be confirmed by 

confirmatory factor analyses. 
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Table 2 

Scales of the Student Questionnaire 

Scale 

Item Examples 
Items 

Cronbach’s α 

4
th

 

Grade 

5
th

 

Grade 

6
th

 

Grade 

7
th

 

Grade 

Cognitive activating students’ 

experiments 

We could often observe something 

that did surprise us. 

5 .65 .83 .84 .83 

Students’ activity 

We could run many experiences by 

ourselves. 

3 .66 .83 .81 .87 

Daily reference 

Our teacher asks us again and again 

to give examples of our everyday-life 

experiences. 

5 .77 .83 .81 .79 

Student generated explanations 

Our teacher is interested in our 

explanations. 

5 .64 .85 .82 .82 

Lack of clarity  

Our teacher often explains with 

foreign words, we do not understand. 

5 .64 .70 .76 .71 

 

To analyze the individual perceived changes in physics-related instruction from the 

fourth to seventh grade, repeated measurement ANOVAs have been conducted. 

Students with missing data were excluded from the analyses by listwise deletion. 

Moreover each pattern provides a minimum sample size of 40 students. 

The qualitative data of this project was assessed by material based semi-structured 

interviews at the end of grade six (see figure 1). To understand the effectiveness of 

the different educational features the students first have to be asked which educational 

features they perceive in their instruction. On that basis it secondly can be identified 

which educational features are perceived to be conducive for the understanding 

process. For the interviews 20 members (9 girls, 11 boys) of the quantitative sample 

were selected. Each interview consisted of a time frame of 45 minutes. To analyze the 

first aspect of the interview data, a qualitative content analysis according to Mayring 

(2010) was performed by using the computer software MAXQDA. Both inter-coder- 

(85%) and intra-coder-consistency (93%) indicate a satisfying reliability of the coding 

process. Subsequently, the analysis of the second interview question was made: 

Therefore the perceived educational features were coded by a zero-one-coding as 

being conducive or not conducive for the understanding process from students’ 

perspective. The quality of the analysis with the interrater-reliability was again 

satisfying (κ(min) = .792, κ(max) = .955, κ(mean) = 0.899). 
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RESULTS OF THE QUANTITATIVE AND QUALITATIVE 

STUDY 

The results of the quantitative study show that on average all students, who have been 

consistently taught in physics from grade four to grade seven perceive a significant 

decline in the defined educational features, which is associated with strong effects. An 

equally significant decline with strong effects is also perceived by students, who were 

taught physics in grade four, six and seven, as well as by students who were taught in 

grade four, five and seven. The strongest decline is perceived by the students after the 

transition to secondary school (from grade four to grade five). In contrast, on average 

the students do not perceive a significant decline between grade five and six.  

Besides the analysis of the general development of science instruction from grade 

four to grade seven, the data was also analyzed for the different types of secondary 

school (Gymnasium and Hauptschule). Due to the different patterns of physics 

instruction (see table 1) and a confounding of the school form with the patterns, 

differences on school level can only be analyzed for a particular group of students. 

This particular group consists of a summary of all students from Pattern 1 to Patten 3. 

In this summarized pattern, there are approximately the same number of students from 

the Hauptschule and the Gymnasium. For this group of students a decrease of all 

constructs’ means from fourth to seventh grade can also be observed. Both, the 

students who attend the Gymnasium as well as those students, who visit the 

Hauptschule perceive significant differences with a high effect size (the scale ‘daily 

reference’ only has a small effect) between primary and their secondary school on 

behalf of the primary school. The scale ‘lack of clarity’ also differs significantly with 

regard to the level of the school form. On this scale students from the Gymnasium 

perceive more clarity than students from the Hauptschule. Interactions between the 

type of school and the time can be proved for the scales ‘students generated 

explanations’, ‘daily reference’ and ‘lack of clarity’. In these three scales the strongest 

effect between students from the Hauptschule and the Gymnasium is in grade seven in 

favor to the Gymnasium. 

Furthermore, the data of the summarized pattern were also be analyzed on gender 

differences. For all constructs means significant gender differences could not be 

confirmed from grade four to grade seven. 

The results of the qualitative interview study show that students’ experiments hold a 

prominent position in students’ understanding process. According to the findings, the 

clarity of the speech and the explanations by the teacher are also important features in 

physics-related instruction in primary and secondary school voted by more than 50% 

of the students. Features that promote students understanding only in secondary 

physic instruction are the references to everyday-life experiences as well as 

explaining one’s own ideas. In primary instruction it was important for the students, 

that they were able to ask questions on their own. 

Comparing the physics-related instruction in primary school with the physics 

instruction in secondary school, students describe instruction as more understandable, 

when they perceive more of the above described educational features that promote 

their understanding. 
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DISCUSSION AND CONCLUSION 

The described results give first answers regarding the development in physics-related 

instruction throughout the transition from primary to secondary school from students’ 

perspective. In this context, decreases in all five indicators of teaching for 

understanding are perceived by the students. These findings confirm the current 

results of the primary and secondary school surveys (e.g. Rennie et al., 2001; Seidel et 

al., 2007; Ferguson & Fraser, 1996). The decline in the five educational features 

following the transition to secondary school (grade four to grade five) indicates a 

perceived rupture between physics instruction in primary and secondary school by the 

students. The non-significant differences between grade five and grade six indicate a 

stable design of physics instruction in the first two years of secondary school 

(orientation stage³). After the orientation stage a significant decrease of all defined 

educational features is following, which is associated with middle and strong effects. 

With regard to the scales ‘students’ generated explanations’, ‘daily reference’ and 

‘lack of clarity’‚ the most significant differences between physics instruction in the 

Hauptschule and the Gymnasium exist from students’ perspective in grade seven in 

behalf of the Gymnasium. 

In contrast to the current state of research where differences in the perception of 

instruction between boys and girls were found, the data of the present longitudinal 

study do not show significant differences between the genders in the perception of 

physics instruction. These findings indicate that boys and girls perceive their 

instruction similarly. 

The results of the student interviews confirm that the theoretically derived features are 

indeed key in promoting students’ understanding of physics instruction. A decisive 

factor for understanding physics is the students’ experiment. 

The knowledge about how students perceive their instruction and about features that 

promote the understanding of physics from the students’ perspective can be used to 

attenuate the perceived rupture in the transition phase from primary to secondary 

school. Therefore, the results of the study could be interesting for teacher training 

programs as well as considered within curriculum development.  

 

END NOTES 

1. In Germany, students usually attend primary school for four years. After finishing 

fourth grade, they transfer – according to their prior achievement – to one of several 

different tracks of secondary school. Students with the lowest achievement usually 

transfer to the ‘Hauptschule’, a kind of basic general education. Students with the 

highest achievement usually transfer to the ‘Gymnasium’ which provides an 

intensified general education. 

2. DFG = Deutsche Forschungsgesellschaft (German Research Fundation) 

3. Irrespective of the type of secondary school the students attend after the transition 

from primary school, grade five and six constitute a phase of special encouragement, 

observation and orientation designed to facilitate choices concerning the student’s 

further education. In most of the German states like in North Rhine-Westphalia this 

‘orientation stage’ is structured within the framework of the different types of 

secondary school. 
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Abstract: A central goal of science education is to establish and enhance students’ 

interests in science. While studies report that children at the end of primary education 

have positive attitudes towards science, students’ interests in science tend to decrease 

during secondary education. Particularly the discipline physics is affected by this 

decline. These findings could relate to different instructional practices in primary and 

secondary schools. Hence, the school transition might be a crucial interface for 

students’ interest development in science and especially in physics. Given that there is 

a large body of research suggesting that most students develop interest in science 

prior to the age of 14, this transition phase gains even more importance. However, 

studies focusing on how students’ interests in science change across the primary-

secondary interface are rare and do not distinguish between different scientific 

disciplines. In order to describe the change in physics-related interests longitudinally, 

the PLUS-study comprised surveys from fourth (last year of primary school) to 

seventh grade. During the years, 348 students were questioned about their situational 

interest in physics-related school subjects and their individual interest in physics. 

Furthermore, interviews with 18 members of the quantitative sample were conducted 

to identify instructional practices that influence students’ interests in a positive or a 

negative way while progressing from primary to secondary school. ANOVAs based 

on the longitudinal data show that on average students’ physics-related situational and 

individual interests decline strongly from fourth to seventh grade. The qualitative 

results indicate a major role of practical activities (instead of written exercises) and an 

appropriate difficulty of physics instruction for the development of students’ interests 

in physics-related school subjects. The results confirm former findings from cross-

sectional studies respectively studies referring to science in general and shed light on 

the role physics-related instruction might play in counteracting the decline in 

students’ interest.  

Keywords: student interest, primary-secondary transition, physics education, 

longitudinal study, interviews 

 

INTRODUCTION 

There is evidence that students’ interests are positively correlated with learning 

outcomes as well as with learning processes (OECD, 2006; Schiefele, Krapp, & 

Schreyer, 1993; Schiefele & Schreyer, 1994). Beyond that, interests are known to 

have a great impact on the course selection in school, the choices of majors and 

careers and the lifelong engagement with science-related issues (Prenzel, 2000; 

Schiefele, 2008; Woolnough, 1994). Against this background, the interest in science 

Strand 16 Science in the primary school

3000



is discussed as part of scientific literacy and thus considered as an important outcome 

of science education (OECD, 2006).  

Although current research findings suggest that the school transition might be a 

crucial interface for students’ interest development in science, studies focusing on 

how students’ interests in science change across the primary-secondary interface are 

rare and do not distinguish between different scientific disciplines. Against this 

background, the main goals of this study were to describe how students’ physics-

related interests change across the (German) primary-secondary interface
1
 and to 

explore what instructional practices might influence them. 

The study is embedded in the longitudinal part of the research project PLUS. 

Focusing on the transition from primary to secondary school, this longitudinal 

research project investigates both students’ perceptions of physics instruction and the 

changes in physics-related motivational and self-centered student outcomes. 

Consisting of four measurement points, 1396 primary and 5186 secondary students 

took part in the study. Out of these, a sample of 348 students was surveyed 

longitudinally from fourth grade, their final year in primary school, to seventh grade 

of secondary school. Drawing on those students that participated continuously, the 

present study investigated by questionnaire how students’ physics-related interests 

change across the primary-secondary interphase. Further quantitative analyses were 

performed to gain more information on the impact of the perceived physics-related 

instruction on students’ interest development. In light of the quantitative results, an 

additional qualitative data collection was carried out to identify those instructional 

practices that influence students’ interests in a positive or negative way while 

progressing from primary to secondary school. 

 

RATIONALE  

Following Krapp and Prenzel (2011), interest is defined as a specific relationship 

between a person and an object. This relation is characterized by feeling-related and 

value-related valences as well as a cognitive-epistemic component: A person 

associates positive feelings with the object of interest, considers it as significant for 

itself and has a great knowledge in terms of the object, while still being able to 

critically reflect about it (Hartinger, 1997; Krapp, 2005). According to the underlying 

level of analysis, different types of interest are distinguished. The relatively stable 

individual interest is considered to be a character trait while the situational interest is 

defined as a state that is primarily caused by external factors (Hidi, 1990; Krapp & 

Prenzel, 2011). 

The TIMSS study reports that students at the end of primary school have very positive 

attitudes towards science (Martin, Mullis, & Foy, 2008). However, there is evidence 

that students’ interests both in science as a school subject and in science in general 

tend to decrease during secondary education; particularly the discipline physics is 

affected by this decline (Daniels, 2008; Hoffmann, Häußler, & Lehrke, 1998; 

Osborne, Simon, & Collins, 2003). Beyond that, girls’ interest in physics is reported 

to be much lower in secondary school than boys’ interest in this domain (Daniels, 

2008; Hoffmann et al., 1998).  

To date, the research literature has discussed various factors that could possibly 

influence changes in students’ interests (e.g. Daniels, 2008; Kessels, Rau, & 

Hannover, 2006; Logan & Scamp, 2008; Seaton, Marsh, & Craven, 2010; 
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Watermann, Klingebiel, & Kurtz, 2010). Amongst others, different instructional 

practices in primary and secondary schools might have an influence on students’ 

changing interests in science across the primary-secondary interface. For instance, 

investigating and discussing aspects during practical science, individually researching 

on the internet and excursions were perceived positively, while students’ seemed to 

dislike copying notes, bookwork, and rushed science topics (Logan & Scamp, 2008; 

Speering & Rennie, 1996). These findings as well as a large body of research 

suggesting that most students develop interest in science before the age of 14 

(Omerod & Duckworth, 1975), indicate that the school transition is crucial for the 

development of students’ interest in science and especially in physics. However, 

longitudinal studies that focus on the development of interests across the primary-

secondary interface are rare, based on small sample sizes and do not distinguish 

between the different scientific disciplines (Logan & Scamp, 2008; Speering & 

Rennie, 1996). Furthermore, it is uncertain whether the results of these Australian 

studies are transferable to the situation in other countries because the transition from 

primary to secondary school differs considerably among countries.  

Hence, this study aims at examining how students’ physics-related situational and 

individual interests change across the (German) primary-secondary interface (fourth 

to fifth grade), and at gaining information on the impact of physics-related instruction 

on the students’ interest development. Furthermore, instructional practices shall be 

identified that are perceived as promoting or as hindering for the students’ interests in 

physics-related school subjects while progressing from primary to secondary school. 

In order to pursue these objectives, the present study comprises both quantitative and 

qualitative research approaches. In the following paragraphs, both of them will be 

discussed in more detail. 

 

QUANTITATIVE PART 

Methods 

To survey the students’ interest development across the transition from primary to 

secondary school, a longitudinal data collection is necessary. The data of the present 

study derives from the longitudinal research project PLUS which focusses the 

German primary-secondary interface in physics-related instruction and is funded by 

the German Research Foundation. Within this project 348 students from year 4, their 

final year in primary school, were traced until year 7 of secondary school (cf. figure 

1). Since the project PLUS targeted at investigating the extreme groups (in terms of 

achievement potential) of the German secondary school system, the majority of those 

348 students attended either the lowest track (‘Hauptschule’) or the highest track 

(‘Gymnasium’) of secondary school. 

Together with their classmates in primary respectively secondary school, these 

students annually completed a project-related questionnaire that included a scale 

regarding their individual interest in physics.  
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Figure 1. Research design including qualitative and quantitative data collections. 

 

Since physics is a minor subject in German schools, the majority of the participating 

students did not receive physics instruction every school year. Consequently, seven 

different patterns of physics instruction resulted, as illustrated in table 1. Hence, the 

students’ situational interest in physics-related instruction could not be assessed 

continuously in every group of students. Instead, this scale was applied solely in 

school years with physics instruction in the participating school classes. 

 

Table 1 

Different patterns of physics instruction (x: with physics-instruction; -: without 

physics-instruction). 

Pattern Grade 4 Grade 5 Grade 6 Grade 7 

1 x x x x 

2 x - x x 

3 x x - x 

4 x x x - 

5 x x - - 

6 x - x - 

7 x - - x 

 

Following preliminary work of Blumberg (2008), both the individual interest and the 

situational interest scale had already been developed in a previous cross-sectional part 

of the PLUS study. They consist of five to six items and provide four different options 

to answer the items (four-point Likert-scale). As shown in table 2, Cronbach alpha 

coefficients indicate that both scales measure the constructs reliably.  

With regard to their situational interest, the students were asked to think about their 

last two physics topics in class. As for the items dealing with their individual interest, 

the students had to keep in mind three typical physics topics while they were giving 

their answers. Those topics were ‘sounds’, ‘magnetism’ and ‘light’.  
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Table 2 

Scales of the student questionnaire. 

 

The change in students’ situational and individual interest from fourth to seventh 

grade has been analyzed by repeated-measures ANOVAs. To investigate gender or 

school form differences, a between factor had been considered within the analyses 

(mixed design). Due to the different patterns of physics instruction in secondary 

school, the change in students’ situational interest has been analyzed separately for 

those different groups of students. In case of missing data, students were excluded 

from the particular analyses (listwise deletion).   

To gain first insights about whether the perceived physics instruction has an influence 

on the change in students’ physics-related interest, two further steps of quantitative 

analysis were performed. At first, the individual interest trajectories of students with 

physics instruction in a particular school year were compared to the individual interest 

trajectories of students without physics instruction at that time. The comparison was 

performed by mixed design ANOVAS. In a second step, intraclass correlations of the 

students’ individual and situational physics-related interests were computed on the 

basis of all participating students with physics instruction in a particular school year. 

The ICC(1) sheds light on the amount of variance lying between the separate school 

classes of the sample (Lüdtke, Trautwein, Kunter, & Baumert, 2006). To avoid school 

form-related influences, the intraclass correlation was computed separately for both 

groups of students that attended different tracks of secondary school (‘Hauptschule’ 

and ‘Gymnasium’). 

Results 

As the results of the quantitative analysis show, the students’ average situational 

interest in physics-related instruction as well as their average individual interest in 

physics declined significantly across school transition. Strong effects underline the 

strength of this development. In particular, the students’ situational interest in 

physics-related instruction changed considerably after the transition to secondary 

school. Especially the students who moved from primary school to the highest track 

of secondary school (‘Gymnasium’) stated a strong decline in their situational 

interest. However, the students’ individual interest in physics did not differ 

Scales 

Item Examples 

Items Cronbach’s  Alpha 

  
4

th
 

Grade 

5
th

 

Grade 

6
th 

             

Grade
 

7
th

   

Grade 

Situational interest (refers to the last two 

physics topics in class)  

I always looked forward to the lessons.  

6 .79 .86 .86 .86 

Individual interest (refers to the  physics 

topics sounds, magnetism & light) 

I absolutely want to learn more about 

these topics.  

5 .81 .82 .85 .86 
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significantly between students that attended the highest or the lowest track of 

secondary school.  

Significant gender differences in the students’ situational interest occurred only in the 

lowest track of German secondary school (‘Hauptschule’) and did not materialize 

before sixth grade. With regard to the students’ individual interest in physics, the 

results showed that boys were significantly more interested in physics than girls. 

Although a certain tendency could already be noted in primary school, significant 

differences between boys’ and girls’ individual interest did not occur until the transfer 

to secondary school. In any case, the related effect sizes were small. 

By comparing the individual interest trajectories of students with and without physics 

instruction, no differences occurred in fifth or in seventh grade. Solely in sixth grade, 

the individual interest trajectories differed significantly and with a small effect in 

favor of the students without physics instruction. Depending on the grade and the 

particular track of secondary school, the intraclass correlations for the students’ 

individual interest ranged between five and 19 percent.  

However, the intraclass correlation for the students’ situational interest in physics-

related instruction indicated that the variance between the participating school classes 

was continuously high (around 20 percent) with regard to this type of interest. 

Discussion and Conclusion 

The current quantitative results indicate a substantial decline of physics-related 

interests from primary to secondary school and thus confirm former cross-sectional 

findings as well as the findings of Australian studies focusing on science in general 

(e.g. Daniels, 2008; Hoffmann et al., 1998; Logan & Scamp, 2008; Martin et al., 

2008; Osborne et al., 2003; Speering & Rennie, 1996). Likewise in accordance with 

prior findings (Daniels, 2008; Hoffmann et al., 1998), the present results provide 

evidence for gender differences in students’ individual interest in secondary school. 

Beyond that, sixth and seventh grade boys of the lowest track of secondary school 

were even more situationally interested in physics-related instruction than girls. 

However, small effect sizes indicate that the gender differences are of minor practical 

relevance.   

Referring to the second objective of this study, it seems to be of great importance to 

distinguish carefully between the students’ individual interest in physics and their 

situational interest in physics-related instruction.  

Concerning the former type of interest, the comparison of individual interest 

trajectories of students with and without physics instruction suggested a minor impact 

of the perceived physics-related instruction on the change in students’ individual 

interest in physics.  

However, with regard to the students’ situational interest high intraclass correlations 

indicated a substantial influence of the students’ class membership on this type of 

interest. Thus, the data provides an indication for the impact of different instructional 

designs on students’ situational interest in physics-related instruction. 

Altogether, these results suggest, in correspondence with an argumentation of the 

German interest researcher Andreas Krapp (1998), that it does not seem to be a 

realistic teaching objective to individually interest the majority of students in physics. 

Instead, the focus should at first be on creating situational interest by an appealing 
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arrangement of physics-related instruction. Thereby, the opportunities for students to 

develop continuing subject-related interests may be enhanced (Krapp, 1998).  

The current research literature already provides general information on how to 

promote students’ interests during the lessons. However, to date there have been no 

studies that focus in particular on instructional practices that promote or hinder 

students interests in physics-related instruction while they progress from primary to 

secondary school. Against this background, this issue has been taken up in the 

following qualitative part of this study. 

 

QUALITATIVE PART 

Methods 

In order to gain information on characteristics of physics-related instruction that 

might influence students’ situational interest while progressing from primary to 

secondary school, qualitative data was collected at the end of sixth grade (cf. figure 

1). Semi-structured interviews were conducted with 18 students (8 girls, 10 boys) of 

the quantitative sample that mainly showed a decrease in their situational interest.  

During the semi-structured interviews, the students had to reflect on the development 

of their interests in physics-related instruction against the background of their 

experienced transition phase. Moreover, they rated typical situations in physics 

instruction as interesting or uninteresting and described their own physics instruction 

in light of these typical situations. Additionally, they described the physics instruction 

they would have liked to have. In order to structure the interviews and to encourage 

the students to speak, different kinds of materials were used.   

In order to analyze the interview data, a qualitative content analysis according to 

Mayring (2010) was performed. During the analysis a category system was developed 

by integrating both deductively and inductively derived categories. Both inter-coder- 

(89 percent) and intra-coder-consistency (83 percent) indicated a satisfying reliability 

of the coding process.  

Results 

The qualitative results indicate that students’ practical activities influence their 

interest in physics-related instruction positively because they provide an opportunity 

to act and think autonomously. Also, references to everyday-life experiences and 

instructional practices ensuring an appropriate level of difficulty of physics 

instruction seemed to promote students’ interests. In contrast, repetitions, note-taking 

and most of written exercises were perceived as uninteresting and boring. 

Furthermore, the students described both excessive demands as well as an 

individually perceived pressure to perform as hindering for their interest development. 

However, those very features as well as lots of written exercises were perceived as 

characteristic for physics instruction in secondary school. By comparison, within their 

physics-instruction in primary school, just a few students experienced these 

instructional practices.  

Discussion and conclusion 

In light of the results, note-taking, excessive demands and the pressure to perform 

seem to be important ‘screws’ to ‘adjust’ physics-related instruction in secondary 

school in order to promote students’ interests with regard to this school subject. 
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Moreover, the interview results suggest that appropriate practical activities have the 

potential to increase the students’ interest in their physics-related instruction.  

The qualitative results resemble those of the two Australian interview studies, 

although the time of the school transition differs considerably. This fact seems to 

support the assumption that the declining interest in science as a school subject is not 

due to an inevitable developmental trend but related to specific settings in physics 

respectively science classrooms. By identifying instructional practices that might 

counteract the interest decline after school transition, the qualitative findings provide 

indications on how to improve physics-related instruction. These results could be 

included in teacher training programs and could also be considered within curriculum 

development. 

 

NOTE 

1. In Germany, students usually attend primary school for four years. After finishing 

fourth grade at the approximate age of 10, they transfer – according to their prior 

achievement – to one of several different tracks of secondary school. Students with 

the lowest achievement usually transfer to the ‘Hauptschule’, a kind of basic general 

education. Students with the highest achievement usually transfer to the ‘Gymnasium’ 

which provides an intensified general education. It prepares students for university; 

graduating with the final exam ‘Abitur’ allows students to get access to university.  
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NOT USING SCIENTIFIC TERMINOLOGY? A STUDY 

THAT INVESTIGATES LANGUAGE AND CONCEPT 

DEVELOPMENT İN THE PRIMARY SCIENCE 

CLASSROOM 

Jon James                                                                                                                                   

Graduate School of Education, University of Bristol, UK 

Abstract: The language of science has the potential to aid high order conceptual 

explanation and provide an effective means of communication, but emphasis on 

verbal correctness can frequently limit children’s ability to conceptualise scientific 

ideas.  Furthermore as children are introduced to the discourse of science they may 

experience cultural insecurity, limiting identity with the subject and potentially 

resulting in underachievement.   This qualitative study takes a socio-cultural 

perspective and investigates whether an approach that minimises the use of scientific 

terminology in the classroom can impact the learning of primary age children. The 

work was carried out in schools serving socially disadvantaged communities where 

the issue of cultural disaffiliation from the practices of science can be more 

significant. Planning meetings were carried out with teachers in which concepts were 

isolated from the scientific terms traditionally associated with them.  The discourse of 

the teachers in these meetings and in follow up interviews was recorded, being 

supplemented by recordings from classroom observations. Data was analysed for 

evidence of identity with particular modes of discourse and the level of exploratory 

discourse that took place. This analysis has indicated that there was an increased 

focus on exploratory discourse in the classroom with enhanced confidence in 

explaining concepts using everyday language. Evidence was also seen of greater 

identity affiliation with the social discourse of science for both staff and pupils, 

particularly among less able boys and those with literacy difficulties.  The study 

reveals the significance, for children at a formative stage in their education, of cultural 

identity with science’s discursive practices and the importance of pedagogical 

approaches that focus on language and conceptual development.    

Key words: discourse, identity, literacy, narrative, socio-constructivist 

BACKGROUND   

Research in science education has stressed the importance of fostering discursive 

practices in the classroom (Driver et al, 1994), so that children can start to appropriate 

the social language of science and construct their own meaning. Learning in science 

involves making the shift from having “informal knowledge” gained through 

experience to constructing “scientific conceptual knowledge” involving more abstract 

ideas. The literature highlights the key role of language in mediating this shift as it 

provides a structure for thinking and constructing understanding.  (Mercer et al., 

1995; Vygotsky, 1998). It is suggested that teachers and knowledgeable peers can 

Strand 16 Science in the primary school

3010



support knowledge construction through interaction with learners that employs 

scientific discourse. This gap can also be understood in terms of Bakhtin’s notion of 

“alterity”, where understanding of learners’ conceptualisation is sought in relation to 

the formalised concepts of science (Wertsch, 2000). The teacher’s role would be to 

assess this conceptual alterity and reduce the gap through social mediation.  

There are a number of issues though with the socio-constructivist paradigm, not least 

the appropriation of the complex language associated with science. The precise, 

technical nature of the langauge presents problems for many children, not just those 

with specific literacy difficulties, but it is the perceived acceptability of only certain 

discourse modes that may cause more significant issues related to identity. Hence as 

children are introduced to the discourse of science they may experience cultural 

insecurity, limiting identity with the subject and potentially resulting in 

underachievement. Children have to learn to play the “game of science” in which 

language increasingly does not respond to experience, but rather describes conceptual 

constructs and has to do so in a particular way, a concept referred to by Bernstein 

(1990) as acculturation.  

School science teachers have been shown to have a literacy approach that does not 

contextualise scientific language and may therefore exacerbate feelings of alienation 

that pupils are experiencing (Yore et al, 2004).  The links between language and 

identity are well documented (Gee, 2001), though largely outside of the science 

education field, but it is evident that the science classroom can potentially present 

identity conflict for many children. Furthermore there is evidence that children from 

socially disadvantaged backgrounds are less likely to make a transition to using the 

formal language of science. (Lemke,1990; Halliday and Martin, 1993). This language 

is, in Bernstein’s notions on codes (1990), restricted and elaborated, and is more 

accessible to middle class children who have been acculturated into use of such 

elaborated codes within the home.  

Rationale and Purpose 

The English National Curriculum for Science has undergone significant revision in 

the past year in preparation for its first teaching in 2014. In part this is an attempt to 

halt England’s increasingly poor performance in international comparison exercises, 

as illustrated by the recent OECD PISA results which showed that the country had 

now slipped to 21
st
 place for science in 2012, compared to 4

th
 place in 2000 (OECD, 

2013). There is an increased emphasis placed on the development of scientific 

vocabulary in the 5-11 age range, as illustrated by the following excerpts:  

Ensure pupils continue to practise the scientific vocabulary of forces (gravity, 

friction, air resistance). (DfE, 2012, P.31) 

Pupils should read and spell scientific vocabulary correctly and with confidence, 

using their growing word reading and spelling knowledge. (DfE, 2013, P. 13) 
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There is an assumption here that discourse using selective scientific terminology is 

the only valid way to describe and explain phenomena.  Hence primary school 

teachers must focus on developing scientific language, so guiding children into 

specific types of dialogue.   Indeed studies have shown that teachers’ discourse in 

primary science classrooms is largely confined to developing vocabulary and using it 

to describe phenomena and processes (Newton and Newton, 2000)  

Such an approach though can lead to the situations observed by Dykstra et al (1992)  

Very often I have seen students praised for thinking like a scientist when it is clear 

that the students are simply making noises which sound scientific. (P.615) 

In contrast a number of researchers have propsed that there should be a focus on 

development of concepts in pupils’ own social language so that they can engage in the 

dialogic process without constraint and loss of identity. (Hynd et al,1994; 

Brown,2006).  Brown and Ryoo (2008) developed studies built around a theoretical 

framework proposing that complex terminology limits pupils’ learning and that use of 

vernacular language may be more productive. Their work saw some learning gains, 

attributed to a reduction in disengagement and inferiority, when concepts were 

introdued using everyday language only. However the study was a small scale 

quantitative one, focusing on second language learners, and had its limitations. 

This study sought to investigate the above approaches in the primary science 

classroom, which has the advantage of being a setting that has a more explicit focus 

on literacy, but is an under-investigated one in terms of research. A small scale study 

that focused on the conceptual development of pupils in their own social language 

before bringing in the social language of science would seek to address the research 

objective: How does an approach that separates language and conceptual aspects of 

science teaching influence the discourse and learning of primary school age children 

from socially disadvantaged communities? 

METHODOLOGY OF THE RESEARCH: DATA COLLECTION 

AND ANALYSIS 

This study employed ethnographic approaches (Denzin, 1997) as it sought to explore 

concept and language development within primary science classrooms.  As part of a 

project funded by the Graduate School of Education at the University of Bristol three 

schools were selected to participate. They all served disadvantaged communities in 

the same geographical area, as evidenced by a range of socio-economic indicators, 

and also had a high proportion of pupils with special educational needs. In two of the 

schools head teachers volunteered teachers of Year 3-5 children (ages 8-10) through a 

consultative process, based on a project summary that I had provided. While in the 

third I was asked to meet with a group of potential teachers to outline the project and 

then decide who would carry the work forward.  
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Data Collection 

The two primary data sources were teacher interviews and classroom observation 

records. The former were semi-structured in nature to enable an exploration of 

teachers’ perspectives on language and science. This part of the data collection also 

included recordings of the joint planning meetings held with teachers.  

Brown and Ryoo (2008) established a planning approach that had three distinct 

phases: 1) a content construction phase, 2) an explicit language phase, and (3) the 

introduction of the explicit language phase. The first two phases were developed here 

in the planning meetings, where forthcoming science topics were deconstructed in 

terms of their linguistic and conceptual facets. This process determined what science 

content was to be taught, the scientific terminology associated with the content and 

teaching approaches that delayed the use of that language.  For example, in the topic 

of plant reproduction, thought was given to how plant parts and processes might be 

described in everyday language, e.g. the stigma being conceptualised as a “pollen 

catcher”. The third phase, where scientific language was introduced, was left to 

teachers to determine as they trialled strategies in classrooms over a period of four 

months.  

In two of the schools teachers felt it would be easier to carry out an experimental type 

study where parallel year groups were assigned to either a) the treatment where 

concepts were taught using everyday language, and scientific terminology was only 

introduced at the end, or,  b) the control group where concepts were taught using 

everyday and scientific language. Acknowledging participants’ experiences and views 

can be an important part of the constructivist paradigm (Cresswell, 2008), and so this 

approach was adopted, though no quantitative testing was carried out.  

As insights into the constructivist oral discourse of the classroom were sought, 

classroom observation was unsystematic and broad in nature, so assisting in gaining 

perspectives on classroom culture and dialogical interaction. Initial observations were 

carried out to gauge the baseline of scientific discourse and so enable assessment of 

any changes in the quality of children’s talk.  

Data Analysis 

Interview data was subject to analysis that examined teacher attitudes and 

perspectives in relation to affiliation with vernacular or scientific language.   

Qualitative analysis of teacher-pupil and pupil-pupil discourse was carried out to 

gauge levels of exploratory talk, based on methods developed by Mercer(1995). 

Exploratory talk is a way of using language to construct knowledge and makes 

collaborative reasoning explicit. In line with Mercer’s analysis the quality of 

exploratory discourse was achieved through monitoring of key linguistic terms such 

as “because”, “I think” or “I agree”.  
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The other means used to analyse the constructivist nature of discourse was framed 

around the notion of cohesion in classroom dialogue, and the preponderance of 

anaphoric and exophoric cohesion. Discourse that promotes cohesion with the 

preceding “text” is classified as anaphoric (Hassan, 2000) while narrative that links to 

contexts outside the “text” are defined as exophoric.  Anaphoric cohesion tends to be 

a feature of elaborated codes, including scientific discourse, where narrative tends to 

be decontextualized and mediated by formal, symbolic concepts. Recordings of 

classroom discourse were therefore transcribed and subject to analysis of their degree 

of cohesion and whether it was exophoric or anaphoric.  

FINDINGS AND DISCUSSION 

Teachers’ Perspectives 

Even at the initial planning stage a comment such as the following revealed the 

uncertainty that some teaching staff felt in adopting an approach that limited the use 

of scientific vocabulary.  

I like the idea but don’t really feel comfortable with a novel approach. I think 

children like getting to grips with the key words, though they don’t always really get 

their meaning. It makes you feel that they are making progress if they know the words. 

Year 3 teacher (School B) 

Baseline observations showed that there was an orientation towards literacy activities 

within the classrooms that predicated the introduction of scientific discourse. While 

time was given for eliciting pupils’ ideas in their own social language, the transition 

to introducing new concepts frequently saw an influx of technical terms.  The 

following comment illustrated something of the rationale for this:  

I find it quite easy to discuss what children know already, but towards the end of a 

topic, when you’re trying to bring in the new ideas, it would feel a bit empty not using 

the key words.       Year 4 teacher (School A) 

This perhaps revealed the identity issue that primary school teachers, often non-

specialists, can have when teaching science. Gee (2001) refers to the invoking of 

language as a means of conveying identity and it was clear here that the removal of 

scientific terminology may have exacerbated identity conflict as teachers struggled 

with their role as a science teacher. There was confusion over how the approaches 

might be applied to other topics and evidence that teachers’ own affiliation with 

science was draped around the key words that they were trying to avoid. 

The approach that separated the conceptual and language dimensions worked most 

effectively when teachers focused on observational experience and carefully guided 

children towards the more abstract ideas. With no assumption of knowledge of 

technical terms or introduction of new words, children were able to develop 

understanding in their own social language. While ideas expressed were not always a 
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complete scientific description, e.g. “The tube helps to put the man seed down to the 

ovary”, there was a sense in the case of work on plant reproduction that pupils had 

grasped the key processes. An improved ability to articulate concepts and show 

understanding using everyday and scientific language was a key feature of the Brown 

and Ryoo study (2008). Several teachers were more positive in their attitudes to both 

vernacular and scientific language, having a clearer perception of their place and role. 

One teacher did not even explicitly introduce scientific language as they felt it to be 

more important that children carried forward an understanding of the concepts. This 

consideration of the place of language in the science classroom resonated with the 

need identified by Yore et al (2004) for planned literacy activity to be at the centre of 

science teaching, rather than peripheral to concept development.   

All the teachers reported that the work had motivated less able learners, particularly 

boys with weak literacy skills. An increased focus on discussion in the classroom was 

evident, with one Year 5 teacher commenting: 

I think it’s changed my teaching approach as I’ve focused more on explanations and 

discussion. There’s been better engagement, particularly by those with weak literacy. 

(School C)  

The same teacher added though:  

I think some of the more able girls might be frustrated as they want to know the 

words. However I do feel they made progress and that they can use the ideas of 

forces.  

Where the approach was carried out with one of two parallel groups teachers showed 

a tendency to volunteer comparisons as the following comment reveals.   

Initially I was quite worried as it felt quite different as I wanted to use the key words, 

but then soon got used to it. I’ve then found that we’ve been going at a quicker pace 

(compared to the parallel group) as we’ve been less concerned about vocabulary. 

Year 3/4 teacher (School C) 

While this highlighted some benefits the remark of another teacher showed that 

children perhaps questioned whether they were missing out on something by not 

using scientific words and that their learning might be devalued. 

One issue is that there has been some cross-over with the other group – a few pupils 

keep asking me what words (scientific) mean.  Year 4 teacher (School B)  

Classroom Discourse 

The groups which delayed use of scientific terminology or did not use it at all tended 

to display certain commonalities in their discourse. The narrative tended to be more 

cohesive with exophoric ties being particularly evident. Table 1 exemplifies talk in 

relation to the topic of forces and the teacher uses exophoric linkage to help pupils 
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relate concepts to visual contexts such as a plane and a tennis racquet. Praise is also 

given when pupils place themselves in the exophoric context, e.g. “you’re like hitting 

it”. These observations are consistent with those noted in Harris and Williams (2007) 

where cohesion was important in helping children to make sense of questions and 

develop a scientific view of phenomena. The anaphoric linking of children’s 

responses to previous utterances by other children and the teacher also encourages 

meaning making, which while not resulting in fully formed scientific conceptions 

does help children of a young age to develop partial explanations of quite complex 

phenomena. Harris and Williams state the importance of making anaphoric link to 

scientific language, but here progress has been through linkage to concepts expressed 

in everyday language, e.g. a child later in the lesson attempts an explanation for the 

tennis racquet phenomena, “the force push (anaphoric link) when the racquet pushes 

downwards.”  

Where scientific terminology was explicitly used by the teacher narrative cohesion 

was often more of a struggle, as illustrated by the discourse in Table 2 which again 

related to forces. The initial open question, “if something’s got lots of air resistance, 

what might happen to it”, strives for anaphoric cohesion, but appears beyond the 

children, and results in muddled responses and uncertainty. Attempts to use scientific 

terminology by the teacher also perhaps reveal conceptual confusion on their part as 

air resistance is not something that is possessive. 

The data in Table 1 also highlights the presence of the characteristics of exploratory 

talk, “I think, so, because”, and a willingness to offer tentative explanations. In 

classrooms where scientific terminology was employed children seemed less willing 

to engage in scientific reasoning and hypothesising, possibly through concern over 

being verbally correct. The discourse in Table 2 has the example of a child whispering 

in slightly embarrassed terms the word “friction” without any reasoning attached.  

The above features did not show any school specificity, but were associated with 

teachers who had volunteered not to use scientific terminology, and saw guidance of 

children’s discourse as central to the learning of science, referred to by Scott and 

Mortimer (2000) as controlling the “flow of discourse”.  Removal of concerns over 

precise language use may have given them the confidence to promote language as a 

tool for reasoning, something that Mercer et al. (1999) extrapolate to raised levels of 

achievement.  
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Table 1: School B. Year 5 class – a group that hadn’t used scientific terminology 

 

Table 2: School A – Year 4 class. Scientific terminology was used throughout the 

forces topic.  

Speaker Transcription Analysis 

 Teacher What’s happening to the plane? Pause.  

Pupil A? 

Exophoric link 

Pupil A The plane is like producing forces like the 

air. 

Exophoric link, though use of 

“forces” may be anaphoric. 

Claim made, no reason. 

Teacher And…. Possibly hints at anophoric link 

Pupil A The air is pushing it and the force is 

pushing it through the air. 

Reiterates the claim 

Teacher What’s happening with the tennis racquet?  Exophoric link 
Pupil A Well you’re like hitting it and forcing it to 

go in the direction you’ve hit it.  

“You’re” – exophoric 

Teacher That’s alright. Well done A, you’ve given 

us quite a good start. B? 

Implication that questions might 

remain unanswered 

Pupil B Um… the airplane and the tennis ball, it’s 

the same force. The bottle is… I think hot 

air is trapped inside it and so the bottle 

moves. 

“I think”, “so” – features of 

exploratory talk 

Teacher How does it move?  

Pupil B By the air pushing it maybe? Anaphoric response.                                

Speculative answer 
Teacher (Shows approval for the idea by intake of 

breath)  C? 

 

Pupil C I thought that the water can’t get in to make 

it sink because it’s got stuff trapped inside 

and so it can’t get in.  

 High level of exploratory talk – 

“I thought, because, so….” 

Speaker Transcription Analysis  

Teacher If something’s got lots of air resistance 

what might happen to it? Pupil X? 

Anaphoric link of air resistance 

with action. 

Pupil X It can stick to something.  Responds to teacher, but muddled 

link. 
Teacher Stick to something, what do you mean 

by that? 

 

Pupil X Like its stuck……. friction (whispered) Short statements where reasons 

are not explicit 

Teacher I think you’re thinking about friction. It 

doesn’t stick things, it’s a force 

between two surfaces. High friction is 

when it’s hard to move things, low is 

when it’s easy to move. Do you think 

that with air resistance it’s going to be 

high or low? 

The interchange is more 

“disputational” as assertions are 

made with few reasons.  

Anaphoric link attempted between 

“high/low” in relation to the two 

force types 
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CONCLUSIONS AND IMPLICATIONS 

The study has shown some benefits in limiting the use of scientific language, in terms 

of discourse and learning in the science classrooms of primary schools serving 

socially disadvantaged communities. An increased focus on exploratory discourse and 

reasoning was seen with some evidence of enhanced confidence in explaining 

concepts using everyday language and possibly scientific language. Removal of the 

requirement for verbal precision enabled cohesion in the classroom narrative and 

contextualised talk that reduced the gap between the scientific way of explaining 

phenomena and children’s owned understanding (Hasan, 2000). Engagement with 

anaphorically cohesive discourse involves a loss of power which may invoke identity 

crises for children using restricted codes (Bernstein, 1990). Teachers’ confidence in 

guiding classroom discourse and employing exophoric links showed itself in part to 

be associated with minimal use of scientific language and increased exploration of 

concepts. The most skilful teachers seemed to be able to “neutralise” social status by 

enabling pupils to participate with them in science narrative that focused on concepts, 

rather than language. Particular impact was noted with certain groups of pupils; the 

less able and those with literacy difficulties, influenced by incorporating children’s 

social language practice into the discourse of the science classroom, reducing identity 

conflict.  

The planning stage was critical and enabled teachers to see more clearly the 

difficulties, misconceptions, language issues, and conceptual problems encountered 

by children. Participant teachers adjusted to the “content-first” approach, but found it 

much more problematic as to when and how to introduce scientific terminology. 

Additionally concerns were expressed as to how assessment might take place without 

a clearly specified body of language. It was evident as well that weak subject 

knowledge or lack of confidence in it, and teachers’ beliefs about pedagogical 

practice may exert a significant effect on their efforts to use a socio-constructivist, 

“content-first” approach.  

As with other studies, (e.g.  Bianchini and Cavazos, 2007), this work has highlighted 

the importance of identity with science practices in the classroom. Although shifts 

were seen in the discourse of both teachers and pupils, to the extent where 

explanations offered were more scientifically correct, there remained the sense that 

any identity transition was still in its early stage. Constructivism raises issues of 

power and identity for both children and teachers, but the results of this exploratory 

study have shown some potential for tackling these issues.  
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Abstract: The choice of curricular materials has become vitally important in the development 

of scientific literacy in primary school. In this paper we propose to focus on realistic-fiction 

storybooks, i.e. picture books in which the story is subject to certain reality constraints. The 

understanding or at least the questioning of these constraints constitutes an important part of 

the fictional narrative. We consider the similarities between the plot of a story which disrupts 

our representations of the world and the construction of scientific problems needed for the 

production of scientific knowledge. The picture book that we have chosen to illustrate this 

idea of a problem-oriented resource is La promesse. This picture book interrogates the 

biological identity of the protagonists (a caterpillar and a tadpole) via their development. The 

research questions are: which didactic situations based on the picture book La promesse allow 

the children to address the obstacle represented by metamorphosis? To what extent do these 

didactic situations allow the children to consider the idea of permanence and change in living 

beings throughout their biological development? The results of two didactic situations 

proposed to two classes of children aged between 6 and 7 show that didactic situations 

focused on the crucial steps (complication, plot resolution) in the story of the picture book La 

promesse offer effective opportunities for learning science. Thus, they allow children to 

question living beings, and, in particular, to confront the obstacle of metamorphosis. These 

situations allow children to think about the different changes that mark the life of an 

individual in the context of identity through time. The originality of this research concerns the 

dialectical interaction between a study of the narrative and the construction of a scientific 

reflection on the question.  

Keywords:  Picture book, metamorphosis, primary school, problem-oriented reading, realistic-

fiction. 

 

INTRODUCTION 

In France, the official instructions of 2002 in terms of education recommend an important 

change by making children’s literature enter the programmes of the primary school (Strube, 

1994). For its use in class, these instructions advise "the organization of interpretative 

debates". The children’s storybook in particular, is understood as a book with multiple 

interpretations, which is good for the development of the imagination and the cognitive 

capacities in the children (Hassett & Curwood, 2009 ; Butzow et Butzow, 1998). In this 
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communication, we are interested in storybooks considered as "realistic fiction" (Bruguière & 

Triquet, 2012a, 2012b) because they have the particularity to cross the  world of fiction with 

the real world. 

The narratives proposed in these storybooks both prove a fictional base released from the 

constraints of the real world (for example animal characters speak our language, have 

feelings) and an insertion in the reality, with its own rules and logics (animals breathe, 

develop, feed themselves). But their characteristic is also to use the reality not as an 

illustrative framework, but as a way to supply the scenario of the events of the plot. As a 

consequence, these realistic fictions contain a space of indecision (in particular in the 

relationship between possible imaginary worlds / real worlds) left to the reader’s subjectivity. 

Therefore, they should be brought closer to what Catherine Tauveron (2001) defined as 

"resistant" texts, opened to a plurality of interpretations. 

 

REFERENCE FRAMEWORK 

Our works are based on authors who consider links between fictional activity and scientific 

activity. 

As regards fictional activity, we adopt the idea developed by U. Eco (1985) who postulates 

that the worlds built by fiction are in no case fanciful worlds. In fictional worlds, nothing is 

totally contingent and stranger to the real world we know. For Lewis, (2007) a possible world 

is an "alternative" world to the real world, a "counterfactual" and "accessible" world from this 

one. It is consequently a more or less close link that separates and connects at the same time 

the possible worlds and the real world. One of the major interests of this theory is to suppose 

that a small modification of the real world produces a modification of the whole world, given 

the causal interdependency of things (Soudani & Héraud, 2012). 

For Bruner (2002), the fiction is capable "to take us to the field of the possible, of what could 

be, of what could have been, of what may be one day" (to "subjunctivise" the reality) (Bruner, 

2002, p. 16). It is by this function that the narrative can be a tool of knowledge of the reality. 

By proposing alternative worlds, by offering "experiences of thoughts", the fiction allows us 

to join a process of questioning about the reality, but also about the projections of our own 

representations. 

As regards scientific activity, we think that it first aims at the development of the "sense of 

the problem" (Bachelard, 1938, p. 14). For Orange (2002, p. 31) "the problematization 

consists, on the basis of a question to connect it with a theoretical framework considered as 

relevant, in exploring the possibilities and in identifying the reasons constraining the 

solutions". To know is not simply to know, but to know that it cannot be otherwise (Reboul, 

1992). Consequently, to work on problems allows to build some scientific knowledge which 

presents a character of necessity. 
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We will now see in what way the activities of fiction found in some work of interpretation of 

the picture book  La promesse  (2010) allow to commit young pupils in some work of 

problematization of the notion of metamorphosis. 

 

PROBLEMATIC FRAMEWORK 

The picture book La promesse (2010) places at the core of the plot the idea of animal 

metamorphosis, but without ever naming it. This picture book stages it through the imaginary 

love story between a caterpillar and a tadpole based on an intolerable promise in the real 

world, the promise to never change in spite of time flying. There is an idea of a possible fixity 

of living beings which sets up as a challenge to the biological laws of development. It is then 

a question of spotting in what way - and how - this contradiction carried by the plot can act as 

a lever for some work of problematization on the notion of metamorphosis. 

This picture book makes, throughout the narrative the duality ‘permanence and change’ 

constitutive of the notion of metamorphosis (Rumelhard, 1995; Canguilhem,1972; Jacob, 

1970). We find as much at the level of the text as that of images some indications of 

permanence and change. 

As regards the indications of permanence: Permanence of the promise (which is constantly 

renewed although not kept), permanence of love (at least at first), underlined by the use of the 

present: "I love everything in you"; "I promise it to you". "But you are still my lovely 

rainbow". Permanence of nicknames. Permanence of colours. 

As regards the indications of change: meteorological changes first: from the 2nd double page, 

the blue gives its place to the grey and to the rain: "But all the same as the weather changes" 

in echo to the anatomical change of the tadpole "two legs had appeared". Changes of seasons 

then, also evoked by the image and underlined in an explicit way by the text: "But all the 

same as seasons inevitably change" in echo to the anatomical change "the tadpole had two 

arms". 

 

METHODOLOGY 

The methodology rests upon the works of problematization connected with historic geology 

(Orange, 2012) and with those of the analysis of the narrative (Everaert-Desmedt, 2000) 

which combine a prospective logic and a retrospective logic. To try to interpret a story 

(geologic or fiction) is to try hard to go down and to go back up the story to explore the 

possibilities and identify some necessary reasons. 

The sequence is developed over several sessions (from 4 to 6) with pupils aged 6 to 7 years 

old (2012-2013 data) from two class (Armelle’s class : 20 pupils ; Claire’class : 21 pupils), 

each of them cut in various phases. We have chosen to limit ourselves to three phases 

convenient to the work of problematization: 
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- a phase of production of drawings which place the pupils in a prospective perspective which 

brings them to consider some possibilities : after having read to the pupils the first three pages 

of the album and after they discovered the disturbing event of the story, they are requested to 

imagine the follow-up of the story by creating the last double page of the album 

- and two phases of collective discussion which place the pupils in a retrospective perspective 

which brings them to identify some necessary reasons. They are held once the pupils have 

discovered the end of the story according to two different questionings: the pupils are brought 

to wonder about the identity of the frog and of the butterfly  (see table 1) but they are also 

brought to wonder about the reasons why the frog devours the butterfly (see table 2). 

 

RESULTS 

Two lines of analysis lead our study: 

- the first one is focused on the way the pupils understand the notion of permanence of 

living creatures as species through the continuity of the characters of the story, 

- the second one is focused on the way the pupils consider the transformations of 

living creatures or rather we shall see their consequences through the changes of relations 

between the characters of the story. 

 

1 - Continuity of the characters of the story and permanence of human 

beings as species 

We place the drawings made (see figure 1) and extract n°1 (see table 1) opposite.The 

narrative question which is at stake is the following one: why, at the beginning of the story, 

do the characters recognize themselves as caterpillar and tadpole? Why, at the end of the 

story, don’t the characters recognize themselves as butterfly and frog? How can we know that 

the caterpillar of the beginning of the story is the butterfly of the end of the story and the 

tadpole of the beginning of the story is the frog of the end of the story? 

The scientific question is: how to identify and to recognize an individual who is not the same 

any more, who has no more the same shape? How to become aware of the continuity of the 

characters - in their specific identity - in spite of the deep physical transformations they have 

been the object? 

Table 1  

The identity of the frog and of the butterfly (Armelle’s Class) 

M (Mistress): How can we be certain that the butterfly is indeed the caterpillar of the  

beginning? 

Émilie: Because we know that at the beginning of the story the caterpillar calls the tadpole 

"my beautiful black pearl" and then it says it again in the book. 

M: So, it is because it uses the same nickname. Would there be another element which allows 

us to say that the butterfly is the caterpillar of the  beginning? 
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Enzo: Because the caterpillar is fat and multicolored. 

M: Oh well, for the colours all right, we have the same colours as at the beginning thus that 

can be an element, there is the nickname, then the colours. And how do you know that the 

frog is the tadpole, this isn’t obvious? 

Younes: Because at the end the legs have grown. 

M: Yes, but it may be another frog coming, we haven’t had the middle part of the story. Why 

isn’t it another frog which has come? 

Clara: Because at the end the frog is waiting for "its lovely rainbow". 

 

Two indications of permanence turn out to be determining: 

- The first indication concerns the preservation of the name of one of the characters by the other 

one. "The frog is waiting for "its lovely rainbow"", says Clara. It proves that the name of the 

individual is perennial and this whatever its transformations. If the shapes of the individual 

change during its development, its name does not change. 

- The second indication is of visual order. So the caterpillar and the butterfly keep the same 

colours, which indicates that the butterfly is to a certain extent a caterpillar with coloured wings. 

Because "… the caterpillar is multicolored" meaning like the butterfly, says Enzo. Several 

drawings prove this continuity of the character caterpillar by the preservation of the "rainbow" 

colours in the butterfly (drawings 1 and 2) , as done by the illustrator of the album. It will then be 

necessary to question with the pupils the relevance of the colour indication which in reality does 

not allow the naturalists to recognize a butterfly and the caterpillar from which it arises. 

If the preservation of the colour is considered for the butterfly, it is the preservation of the shape 

which is considered for the frog: "it is a tadpole to which the legs have grown", says Younes. 

 

Drawing 1 (Claire’s class) Drawing 2 (Claire’s class) 

  

 Figure 1.  The preservation of the "rainbow" colours in the butterfly  
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So the understanding of the continuity of the caterpillar and tadpole characters brings the 

pupils to understand the notion of "permanence" of the butterfly and frog species. It is about 

the same living being who crosses different forms during his development. The continuity of 

the characters being established, the question is to understand the reasons why the frog can eat 

up the butterfly. What deep, invisible transformations between the young individual and the 

grown-up individual allow to understand the changes of relation between the characters?  

 

2 - Changes of relations between the characters of the story and the 

(invisible) deep transformations of the living beings during their 

development 

- Why, at the beginning of the story, don’t the caterpillar and the tadpole eat up each other? 

Why isn’t there a relation of predation between the caterpillar and the tadpole? 

- And why, at the end of the story, does the frog swallow the butterfly? Why does this relation 

of predation express itself brutally? 

We will see that the pupils do not directly consider deep transformations but their 

consequences: the change of environment as well as the change of diet: 

- The change of environment of the characters of the story: what forms of representations in 

the drawings of the pupils aged 7-8 years old? What opportunities to question deep biological 

transformations in living beings? 

- The change of environment in the tadpole character (see figure 2):So, the frog can appear 

totally outside water in the same ground environment as the caterpillar (drawing 3). This 

possibility for the frog to live outside water is expressed by an arrow in the following drawing 

(drawing 1). We also find drawings with a frog which takes its head out of water (drawing 5). 

The tadpole-frog is here at the border of two circles of which the pupils will have to 

understand afterward the respiratory characteristics which make this amphibian life possible.  

The fact of representing the change of environment of the grown-up frog indeed marks the 

consequence of a change of respiratory organ in the frog even if the pupils do not make it 

clear in their drawing. 

 

 

 

 

 

 

 

 

 

Strand 16 Science in the primary school

3026



Drawing 3 (Armelle’s class) Drawing 1 (Claire’s class) Drawing 5 (Claire’s class) 

 

 

 

Figure 2. The frog  is outside water 

 

When the pupils represent the caterpillar character under the shape of a butterfly, it appears in 

the air beyond the willow leaf on which the caterpillar was resting. 

We will see in the extract bellow (Table 2) that the question of the living environment of 

living beings is the first biological reason mentioned by the pupils to explain the eating 

process. 

 

Table 2  

The reasons why the frog devours the butterfly (Armelle’s class) 

 

M: Before the tadpole and the caterpillar were in love. Now how you would describe their 

relation as frog and butterfly? 

Nawel: Before, at the beginning, the tadpole was under the water. Later they arrange to meet. 

And at the end, the frog does not realize that it has eaten "its rainbow". 

M: Could the tadpole have eaten the caterpillar before? 

Milo: Well, no, it isn’t possible. Because if the caterpillar falls in water, it will die and if the 

tadpole comes out of water, it will die. 

M: And thus, is is possible that the frog eats the butterfly? 

Milo: Yes, they are still in love but the frog hasn’t recognized the caterpillar. Thus, it has 

eaten it. 
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Émilie: In fact, it is logical that the frog eats the butterfly because the butterfly is an insect 

and frogs eat insects. 

M: So, for you, this end of the story is logical 

Neila: I agree a little with Émilie because butterflies are insects but if it had known that it was 

the caterpillar which had transformed itself, I’d say that it wouldn’t have eaten it. 

The eating process is possible if animals are in the same environment. Yet, at first, as Nawel 

says: before, at the beginning, the tadpole was under water / Later they arrange to meet", 

which means they inevitably find themselves at the end of the story in the same place, the 

same environment to meet. Milo goes further by explaining the impossibility for the tadpole 

and the caterpillar to live in the same environment at the beginning of the story because one 

cannot come in the other one’s environment, at the risk of losing your life there. 

The eating process between two  living creatures is possible if they live in the same 

environment and to live in the same environment implies specific characteristics (here some 

respiratory organs adapted to the concerned environment). If the pupils do not formulate the 

invisible transformations, they spot their ecological consequences. 

The pupils express more or less explicitly the change of diet. We have seen previously that 

certain drawings imagine a change of environment for one or the other of the characters 

without translating visually the change of the associated eating habits. On the other hand, the 

question of the diet expresses itself orally with Emilie for example: "… It is logical that the 

frog eats the butterfly because the butterfly is an insect and frogs eat insects.» what Neila 

confirms. This second biological reason represents a new explanatory trail that will have to be 

considered again and worked on afterward. 

The pupils make biological reasons and reasons connected to fiction work together. Of 

course, says Nawel, both characters of the story have to be in the environment to be able to 

eat up each other (biological reason) but also not to recognize each other (fictional reason). In 

the same way, Neila considers that the frog can eat insects (which is not the case of the 

tadpole) like the butterfly if it does not recognize it. 

In this short extract (see table 2), during their work of interpretation of the narrative, the 

pupils put in opposition biological reasons with reasons connected to the fiction. They make 

the real world and the fiction world run which bring them to mobilize some scientific 

knowledge that they will have to further question. 

 

CONCLUSION 

In conclusion, we can put forward that young pupils are able to commit in some work of 

problematization which concerns the complex question of metamorphosis. This work of 

problematization carries more in some work of construction of the problems which places the 

pupils in front of the duality permanence/deep transformations rather than on the resolution of 

the problems. 
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Besides, didactic activities focused on some work of interpretation of picture books  of 

realistic fiction offer opportunities of scientific learnings with young pupils (Nonnon, 2012). 

It seems necessary to articulate didactic activities which place the pupils at the same time in 

some prospective and retrospective work toward the fictional narrative. This double work 

leads young pupils to explore possibilities in an open way but also to identify the reasons 

which make the realization of such or such event possible. These didactic activities in the 

narrative of the storybook require a thorough scientific and epistemological analysis with the 

teacher. 

However, the work of scientific problematization cannot limit itself to this type of didactic 

activities: the exposure to criticism and to experience is indeed fundamental in the 

construction of a scientific thought (Jacob, 1970). 
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